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OpenSCAD UNIVERSITAT

SALZBURG
OpenSCAD
m nicht-visuelles,
programmierorientiertes
solid-modeling tool
QOpenScad m entwickelt von Marius Kintel
(2015)

m erzeugt 3D Volumens-Modelle
solid 3D CAD models

m Export von STL und OFF Dateien
m Fokus: CAD-Aspekte
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OpenSCAD UNIVERSITAT
SALZBURG

OpenSCAD

m 3D-Compiler:
m liest ein script file

POV ® OpenSCAD - operations.scad* ™) ;
File Edit Design View Help das das Objekt
difference() .
¢ beschreibt

intersection()
{

m erzeugt daraus ein
3D-Objekt

cube([20,20,20], center=true);
sphere(14);

3
translate([0,0, -10+2])
eylinder(r=7,h=20+2);

m Vorteil:
m volle Kontrolle iber
den

Konstruktionsprozess
m jederzeit Anderung der
Parameter moglich

Viewport: translate = [-0.55 -2.04 2.94], rotate = [ 28.00 0.00 334.80 ], distance = 165.64
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OpenSCAD UNIVERSITAT
SALZBURG

Main modelling techniques

53

- JORORIEC OpenSCAD - operations.scad*

File Edit Design View Help

difference()
intersection()

cube([20,20,20], center=true);

sphere(14); | | CSG
lrans‘latE( [0,0,-10+2])
cylinder( =7, =20+2); m Extrusion
von
2D-Outlines

Viewport: translate = [ -0.55 -2.04 2.94 ], rotate = [ 28.00 0.00 334,80 ], distance = 165.64
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OpenSCAD Installation UNIVERSITAT
SALZBURG

OpenSCAD: Installation

ene < m openscad.org h o ]

[ The Programmers Solid 3D CAD Modeller

home about news downloads documentation gallery community  github

Recent News is software for creating solid 3D CAD objects.

1875 2018 Itis free software and available for Linux/UNIX, MS Windows and Mac OS X.
Google Summer of Code 2018

OpenscAD, in collsboration with..
Zwmar 2017

Google Summer of Code 2017

Download OpenSCAD
OpensCAD 2015.03:3 Mac 05 X

OpenSCAD, n collboration with ‘Other 055 and Versions.

143012016

OpenSCAD Customizer
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OpenSCAD Installation

OpenSCAD: Installation

UNIVERSITAT
SALZBURG

= ‘openscad.or b
08 < perscadong BN
— o
. o
The Programmers Solid 3D CAD Modeller
home  about  news gallery github

Downloads Mac 0S X
Mac 05 X System requirements: Mac OS X 10.7 or newer
Windows
Linux
Other Systems
Source Code ) ’

OpenSCAD is also available on MacPorts:
Development Snapshots
Prior Releases $ sudo port install openscad

Windows

System requirements: Windows XP or newer on x86 32/64 bit

‘OpenSCAD 2015.03-2 OpenSCAD 2015.03-2
%86 (32-bi)exe nstaler - 1 M || x86 (32-b1) zip package - 14 MB
OpenSCAD 2015.03-2 OpenSCAD 2015.03-2
~1awe ) | xe6 148
www.openscad.org — Downloads
3DP OpenSC. Workshop Strobl 7/43




OpenSCAD Workspace

OpenSCAD: Workspace

OpenSCAD - logo.scad

File Edit Design View Help

$fn = 200;
r = 20;
hole = 10;

module cut() {
cylinder(r = hole, h = 2.5 * r, center = true);

}

module logo() {
difference() {
sphere(r = r);
cut(); Ex
rotate([0, 90, 0]) cut();
#rotate([90, 0, 0]) cut();
3} Compiling design (CSG Tree generation)...

} Compiling design (CSG Products generation)...
rotate([0, 0, -25]) logo(); PolySets in cacr?e;fl
| PolySet cache size in bytes: 4434272
CGAL Polyhedrons in cache: O
CGAL cache size in bytes: O
Compiling design (CSG Products normalization)...
Compiling highlights (1 CSG Trees)...
Normalized CSG tree has 4 elements
CSG generation finished.
Total rendering time: O hours, O minutes, O seconds

Viewport: translate = [ 0.00 0.00 0.00 ], rotate = [ 55.00 0.00 25.00 ], distance = 450.00

UNIVERSITAT
SALZBURG

text editor console window viewing area
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OpenSCAD

Workspace

OpenSCAD: Workspace

text editor

m provides basic
editing features

® needs to be
compiled to be
viewed

C.Haslinger

Viewport

OpenSCAD - logo.scad

ansiate = 0,00 0.00 0,001, rotate = [ 55.00 0,00 25,001

3DP OpenSCAD Workshop Strobl
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console window

m Status
information,
warnings and
errors

viewing area

m Preview and
rendering
output

m Axes menu
and standard
perspektives



OpenSCAD

Programmiersprache

OpenSCAD: Programmiersprache

object();

variable = value;

operator() action();

operator() { action();

operator() operator() {

operator() { operator()
operator() {

Examples

cube(5);
X = 4+y;

action(); }

action(); action(); }
action();

action(); action(); } }

rotate(40) square(5,10);
translate([10,5]) { circle(5); square(4); }
rotate(60) color("red") { circle(5); square(4); }

UNIVERSITAT
SALZBURG

color("blue") { translate([5,3,0]) sphere(5); rotate([45,0,45]) { cylinder(10); cube([5,6,7]);
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OpenSCAD Programmiersprache UNIVERSITAT

SALZBURG
OpenSCAD: Cheat Sheet

Syntax Transformations Mathematical | Functions
var = value; translate([x,y,z]) abs concat
nodule nane(-) { - } rotate(Dx,y,z]) sion Lookup
nane(); scale(lx,y,2]) sin
functian oane(-) = - resize([x,y,2],uto) cos
include <..scad> mrror((x,y,21) tan
use <.scad> nultnatrix(n) acos
color(*colornane”  alpha) astn intersection for(t =
color([r,9,b,a]) atan W) -1

2 offset(r|delta,chanfer) atanz assign () (-}
circle(radius | d=dianeter) hollQ) Floor ort(".stl)
Sauare(size,center) ninkouski() o] Linear_extrude(hetght, cent Lty, eist, slices, scals
square([width, height],center) ceil rotate extrude(angle, convexity)
polygon([potnts]) 1 n surface(file = "...dat",center,convexity)
solyon([petnts], paths]) B""l:a" CGATED i T D)
text(text, size, font, ey =

halign, valign, spacing, difference() et e ()

direction, Language, script) —— log children([idx])

pou

30 sart List Comprehensions Special variables

Modifier Characters

sphere(radius | d=diameter) o0 Generate [ for (i = range|list) i ] $fa  mininun angle

cube(stze, center) 8 @z FIES Conditions [ for (i = ) 1F (condition() 1 g5 ininun size

cube([width,depth, helght], center) L showonly ol Assionments [ for (1= .) let (assigments) 31 cer  numer of fragnente
cylinder(h,rld,center) ERL L — st animation step
cylinder(h,r11d1,r2142, center) 8 Gt ( e Svor viewport rotation angles in degrees
polyhedron(points, triangles, convexity) Svot  viewport translation

Svod viewport camera distance
$children number of module children

Links: Official website | Code | Issues | Manual | MCAD library | For

other links

hop Strobl
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OpenSCAD: CSG

Ubersicht

OpenSCAD: CSG
m Primitive
m Boolesche Operatoren
m Konstruktion Dice

C.Haslinger
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OpenSCAD: CSG Primitive UNIVERSITAT

SALZBURG
OpenSCAD: 3D-Primitive

ece - Unbenannt.scad

o — =
Q= W 0o = 5 9 4 ~
1 translate([-9,0,0]) color("Blue") 2

sphere(2);

2 translate([-4,0,0]) color("Red") 32
cube(2, center=true);

3 translate([0,0,0]) color("Red") -
cube([2,2,1], center=true);

4 translate([4,0,0]) color("Green") 4
cylinder(2,1,center=true);

5 translate([8,0,0]) color("Green") 3
cylinder(2,2,1,center=true);

6

3D
sphere(radius | d=diameter)
cube(size, center)

qu & 9d e gO Ak

cube([width,depth,height], center) e
cylinder(h,r|d,center) .
cylinder(h,r1|d1,r2|d2,center) ke

polyhedron(points, triangles, convexity) e

ours, 0 minutes, 0 seconds

OpenSCAD 2016.03
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OpenSCAD: CSG

Boolesche Operatoren

OpenSCAD: Boolesche Operatoren

.
[

@ &= MW oo o~ =

=99 4

Boolean operations

union()

difference()

intersection()

translate([-24,0,0]) {
union() {
cube(15, center=true);
sphere(10);

}

intersection() {
cube(15, center=true);
sphere(10);

}

translate([24,0,0]) {
difference() {
cube(15, center=true);
sphere(10);

UNIVERSITAT
SALZBURG

59 RQAQAD @GO GO O ~ ki

Hand = 153.66.

C.Haslinger
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OpenSCAD: CSG Konstruktion Dice U N IVERSITAT

SALZBURG
OpenSCAD: Konstruktion Dice

o. L] # Dice.scad

@@ MW oo~ E B G |

ladifference(){

2 intersection(){

3 cube(15, center=true);

4 sphere(10);

5

(3} union({

7 union(){

8 cylinder(h=20, r=5, center=true);

9 rotate([0,90,0])

(7] cylinder(h=20, r=5, center=true);

1 }

2 rotate([90,0,0])

3 cylinder(h=20, r=5, center=true);

4 }

5%

6 $fn=100;|
2
PP A _QaaDSod P »

AnichsVerschabing = 1090000 .00}, Roatio = (8500 000 2500, Absand = 7545 OpenscAD 207603

Video: OpenSCAD_CSG
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OpenSCAD: CSG

Konstruktion Dice

OpenSCAD: Konstruktion Dice mit

[ece

o

@ W oo~ E G G

UNIVERSITAT
SALZBURG

Modulen

20

OWOoONO U WNE
—

module cylKreuz() {
cylinder(h=20, r=5, center=true);
rotate([0,90,0])

cylinder(h=20, r=5, center=true);
rotate([90,0,0])

cylinder(h=20, r=5, center=true);

module dice() {

intersection(){
10 cube(15, center=true);
11 sphere(10);
12
13|}
14
15edifference() {
16 diceQ);
17 cylKreuzQ);
18|}
19

$fn=200;

5@ R aaD &P e e~

10,000 fon = [

Video: OpenSCAD_CSG_modules

C.Haslinger
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OpenSCAD: Extrusionskdrper UNIVERSITAT
SALZBURG

Ubersicht

OpenSCAD: Extrusionskérper
m 2D-Primitive
m Lineare Extrusion
m Rotation
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OpenSCAD: Extrusionskdrper 2D-Primitive UNIVERSITAT

SALZBURG
OpenSCAD: 2D-Primitive

; L] 2DPrims. scac d
G w Moz = 5O 4

1 translate([-8,0,0])

2 circle(2);

3 translate([-4,0,0])

4 square(2,center=true);

5 translate([-0,0,0])

6 square([2,3],center=true);

7 translate([4,0,0])

8 polygon([

7

2D

circle(radius | d=diameter)
square(size,center)
square([width,height],center)
polygon([points])
polygon([points], [paths])

text(text, size, font, b
halign, valign, spacing, Qa0 @ 0Peed gH Fho
direction, language, script) Speos0/0 01535 |
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OpenSCAD: Extrusionskdrper 2D-Primitive UNIVERSITAT

SALZBURG
OpenSCAD: 2D-Primitive
N S &

translate([-4,0,0])
square(2,center=true);

2

3

4 #

5 translate([-0,0,0]) Y

6 square([2,3],center=true); u

7 translate([4,0,0]) V
9

polygon([

[-1,-11,
10 [2,2],
11 [1,-211);

12 translate([8,0,0])
13 polygon([

14 [-1,-11, g
15 [1,-2],
16 [2,211,
17 paths=[[0,2,1]1]);
18 '
19 | VN
P Qa0 & 9P e @ » ki
i Verschisbing = (0507 1701, Foion = (31 GpensCaD 201503
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OpenSCAD: Extrusionskdrper Lineare Extrusion UNIVERSITAT
SALZBURG

OpenSCAD: Lineare Extrusion

ece Unbenannt. scad
o

[ W

1

2 translate([-50,0,0])

3 linear_extrude(

4 height = 100,

5 center = true,

6 convexity = 10,

7 fwist = @)

8 resize([50,30]) circle(d=20);
9 linear_extrude(

10 height = 100,

11 center = true,

12 convexity = 10,

13 twist = -100)

14 translate([20, @, @])

15 resize([50,30]) circle(d=20);

16 translate([80,0,0])
17 linear_extrude(
18 height = 100,

19 center = true,
20 convexity = 10,
21 twist = 100)
22 translate([20, @, @]) i
23 resize([50,30]) circle(d=20); I
@ Ra_aD @sdvee gmg +- >
Ansicht: Verschiebung = [ 5.28 6.31 -0.70 J, Rotation = [ 75.30 0.00 218.20 ), Abstand = 468.84_ (OpenSCAD 2016.03
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OpenSCAD: Extrusionskdrper

eo0e
o Earor

@ = W o~

= =

9@ a

Rotation

UNIVERSITAT
OpenSCAD: Rotation um eine Achse

SALZBURG

Unbenannt. scad

1 rotate_extrude(convexity = 10)
2 translate([2, @, 0])

3 circle(r = 1);

4

5

Ansicht: Verschiebung = [ 0.61-1.47 112, Rotaton = { 50.80 356,50 32,70}, Abstand = 1871

$9 Ee_aD P8P OO gE F A

C.Haslinger

OpenSCAD 2015.03
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OpenSCAD: Transformations UNIVERSITAT
SALZBURG

Ubersicht

OpenSCAD: Transformations
m Resize und Scale
m Hull
m Minkowski
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OpenSCAD: Transformations

Transformations
translate([x,y,z])
rotate([x,y,z])
scale([x,y,z])
resize([x,y,z],auto)
mirror([x,y,z])
multmatrix(m)

color("colorname",alpha)
color([r,g,b,a])
offset(r|delta,chamfer)
hull()

minkowski()

C.Haslinger

Resize und Scale

OpenSCAD: Ellipse mit resize und scale

UNIVERSITAT
SALZBURG

equivalent scripts for this example

resize([30,10])circle(d=20);
scale([1.5,.5])circle(d=20);

3DP OpenSCAD Workshop Strobl
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OpenSCAD: Transformations Hull UNIVERSITAT
SALZBURG

1 i E
L J
f -
L YyPRQQO G oG e dO LA
SEFTECTRLY S 2T T ~ 7
. /
resize([x,y,z],auto) )
mirror([x,y,z]) :

multmatrix(m) \ J/

color("colorname",alpha) 3 T
color([r,g,b,a]) AT T
offset(r|delta,chamfer) ],  ‘
hull() “
minkowski()

T ERRY 860600 @olEkn —
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OpenSCAD: Transformations Hull UNIVERSITAT
SALZBURG
OpenSCAD: hull

|ece Unbenannt.scad
e
@ = Moo~z B 4
1shullQ {
2 translate([15,10,0]) circle[(lo);
3 circle(10);
43
P9 9aaD @v®®ee gH MO |
[l Verscisbung = (878 4100001, Roiaion = [55,000.00 25,001, Abstand =100.10 OpenSCAD 201603 |
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OpenSCAD: Transformations Hull UNIVERSITAT

SALZBURG
OpenSCAD: hull

Ow W onome QA
IT

2 translate((15,10,0) sphere(10);
|3 sphereCio);

|4

5

It el |

=

$QRaaD @09 00 dm Lhn

SEETETRS VS 21T

resize([x,y,z],auto)
mirror([x,y,z])

multmatrix(m)
color("colorname",alpha)
color([r,g,b,a])
offset(r|delta,chamfer)
minkowski()

P HeeaD OHSOed gE Fhi

(it Verscisbung = (676 410-0.00], Rotaion = [55.00 000 25,00, Abstand =109.10 OpersCA0 201505
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OpenSCAD: Transformations

OpenSCAD: hull

|ece
e Earor

@ = Moo~z B 4

1ghullQ {

2 }translate([ls,l@,@]) sphere(10);
3 sphere(10);

41}

5

Hull

'S

59 H]aQD @60 Pea dE Lk

Unbenannt. scad

UNIVERSITAT
SALZBURG

C.Haslinger

|Ansicht: Verschisbung = [8.78 410 -0.00 ), Rotation = [ 56.00 0.00 25.00], Abstand = 109.10

OpenSCAD 2015.03
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OpenSCAD: Transformations Minkowski UNIVERSITAT
SALZBURG

OpenSCAD: minkowski

a-unnu 5@ A

b Emectio,to,y;
3 oylinder(ra,heD);
i

/]

.

NN ~>
\ >
A >

r

$@Raa0 @00 o0 dEiEhn

SEETECTALY, 217

resize([x,y,z],auto)

mirror([x,y,z])

multmatrix(m)
color("colorname",alpha)
color([r,g,b,a])
offset(r|delta,chamfer)
hull()

minkowski()

fx
5 ® ] e o @ 9P Lesd g0 ,—& =i

(it Verscisbung = (5.7 5:42 .01, Rotaton = €030 0,00 5.30], Rbstand = 1735 OpersCA0 201505
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OpenSCAD: Transformations Minkowski UNIVERSITAT
SALZBURG

OpenSCAD: minkowski

oo~z @ G
$fn=50;

minkowski()

{

cube([10,10,1]);
cylinder(r=2,h=1);

~ouhswNR|m Oe
=

Ji;\}@ﬂ'ﬂqd@@@@a@ A= =

|Ansicht: Verschiebung = [5.793.421.40], Rotation = [ £0.30 0.00 45.30], Abstand = 47.38 OpenSCAD 2015.03
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OpenSCAD: Schliisselanhanger U N IVERSITAT
) SALZBURG
Ubersicht

OpenSCAD: Schlisselanhanger
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OpenSCAD: Schliisselanhanger UNIVERSITAT

SALZBURG
OpenSCAD: Schliisselanhanger

ece Unbenannt.scad
(]
@ & HW oo = o

module cyhnderh() {
translate([0,0,2])
1inear_extr'ude(height =3)
translate([2,0,3]) -
resize([35,22]) circle(10);

module ellipsoid() {
intersection(){
resize([50,30,10]) sphere(20);
10 cube([60,40,6], center=true);
}

VENOUI A WN R
—

11

123

13@module texth(){

14 translate([-9,-4.5,2])

15 text("C.H.", center=true);

16}

17amodule hole(D{

18 translate([-17.5,0,-5])

19 cylinder(d=3, h=40);

20}

2ledifference(O{

22 difference(Q){

23 ellipsoid(Q);

24 cylinderhQ;}

25 holeQ);

26} !
27 texthQ); %P 40D 9P OO FH AdbD

0.81-1.47 112, Rotation = [ 48,00 356,50 41,80, Abstand = 134.22 OpenSCAD 2015.03 |

Video: OpenSCAD_anhaenger
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Vorbereitung fiir den 3D-Druck U N IVERSITAT
i SALZBURG
Ubersicht

@ Vorbereitung fiir den 3D-Druck
m Export: STL — Cura
m Cura — SD — 3DPrint
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rrrrrrr itung fiir den 3D-Druck Export: STL — Cura UNIVERSITAT
SALZBURG

—

///////

//// N \\? = kp :.mwi,.s

7 A T—

Video: OpenSCAD_export_Cura_anhaenger




Vorbereitung fiir den 3D-Druck Export: STL — Cura UNIVERSITAT
SALZBURG

Export STL to Cura

eoce 3 Utimaker Cura

S oy LT Honiter $00PO [ -
Color scheme v
I a— Material

[] exruder Nozzle 0.4mm v

[ |showTravels  m

Check compatibility

2
‘t i M ake]' Extended+

= Show Helpers
| Show Shell u
Print Setup Recommended

| show s

Top / Battom Profile: Low Quality * v

Inner Wall n

[search.. =
= Quality v
Layer Height £ M 02 mm
I shen v
Wall Thickness [z wm]

Wall Line Count 2

Top Surface Skin Layers
Top/Bottom Thickness
Top Thickness mm
Top Layers
Bottom Thickness mm
Bottom Layers

‘Top/Bottom Pattern

Print Thin Walls
Horizontal Expansion mm
B3 nfil v

Ready to Save to Removable Drive

\\
26 Dice_modiles # 01 24mi
2 min "
nxlmoxmﬂw 187m [ ~ 159 Save to Removable Drive
N

Video: »OpenS\CAD_e‘xprort_\Cura
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Vorbereitung fiir den 3D-Druck Cura: Druck-Einstellungen UNIVERSITAT
SALZBURG

Slicing-Software Cura: Einstellungen

i cura

Utimaker 2 Extended+ v Layer Height

Nozzle 04

; \E
Print Setup Recommended (@ —— ———
005 mm 0| mm 0.15mm 0.22?!\
= quality -
Nozzle 0.6
Layer Height
J1 shell
Top/Bottom Thickness
1
Top Layers “oamm | [ o2mm || o3mm | namm
Top/Bottom Pattern
5 infin f
L Shell Thickness
oftDersty
oflPatem

nfil Before Walls
Expand Skins Into Infil

AAmA

04mm 12mm 20mm |

Ready to Save to File

2smin Il 154m /- 12g

Fill Density a

Save to File

Infill Pattern - 10 %

e Top Layer Pattern

Lo ) > 2
i i |
I\ [ |
. : s

Tetahedrs) | (LRGP [ Concentic | Zigzag

[ttt
[
» ]
(¢S4
Ko//.»‘

\

Grid-5% Grid-18% Grid-30%

C.Haslinger 3DP OpenSCAD Workshop Strobl




Vorbereitung fiir den 3D-Druck Cura: Druck-Einstellungen UNIVERSITAT
SALZBURG

Quality: Layer Height
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Vorbereitung fiir den 3D-Druck Cura: Druck-Einstellungen UNIVERSITAT
SALZBURG

Quality: Layer Height

= ]

" L]

] C|sowsner

= // oo ® N

o I\ PAGwE 4 Twieon ‘ s pAss 02 &
\ @ 02 39min \u\mm/ 68 @mnmm wmm/ g
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Vorbereitung fiir den 3D-Druck Cura: Druck-Einstellungen UNIVERSITAT
SALZBURG

Infill Pattern

Profile. Normal * v

Print Setup Recommended C@ Custom

Search |
= quality -
Infill Pattern Layer Height 0.15 mm
The pattern of the infill material of J% shell o
the print. The lin
Wall Thickness 0.7 mm
Top/Bottom Thickness 0.75 mm
Top Layers 5
Top/Bottom Pattern Lines v
F3 infill v
Infill Density
Infill Pattern
Infill Before Walls
Expand Skins Into Infill Triangles
Cubic
Cubic Subdivision
Ready to Save to File Tetrahedral
Affected By Concentric
+ Infill D Concentric 3D
Zig Zag

Workshop Strobl




Vorbereitung fiir den 3D-Druck Cura: Druck-Einstellungen UNIVERSITAT
SALZBURG

Infill Density

Print Setup Recommended C@ Custom
Search. ‘
= Quality ~
Layer Height 0.15 mm
JX shell -
Wall Thickness 0.7 mm
Top/Bottom Thickness 0.75 mm
Top Layers 5
Top/Bottom Pattern Lines v
Infill Density £ infil v

sts the density of infill of the

Infill Density 18 %
Infill Pattern Grid v

Affects Infill Before Walls v
Expand Skins Into Infill L]

Ready to Save to File

Save to File

C.Haslinger 3DP OpenSCAD Workshop Strobl



Vorbereitung fiir den 3D-Druck

Cura: Druck-Einstellungen UNIVERSITAT

SALZBURG
Support

Nozzle & Material ‘O,Amm - ‘ ‘pLA o ‘
Profile: [Normal * |
Print Setup Recommended C@ Custom

earch.

Expand Top Skins Into Infill

[
Expand Bottom Skins Into Infill U
L]
(-]

Travel

Avoid Printed Parts When Traveling
—_ Z Hop When Retracted

&\ Support v
' Generate Support 9]
Support Placement ") | Everywhere v
Support Overhang Angle 50
Support Pattern Zig Zag v
Connect Support ZigZags z‘
Support Density 15 %
Figur 04 015 ¢ Ready to Save to File
30.0 x30.0 x 58.8 mm
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Vorbereitung fiir den 3D-Druck Cura: Druck-Einstellungen UNIVERSITAT
SALZBURG
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Vorbereitung fiir den 3D-Druck Cura — SD — 3DPrint UNIVERSITAT

SALZBURG
SD — 3DPrint

Ultimaker ‘s’

Ultimaker e

Video: 3DP
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Vorbereitung fiir den 3D-Druck Cura — SD — 3DPrint UNIVERSITAT
SALZBURG

Danke fir die Aufmerksamkeit
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