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CAD, CAM und EAGLE

e CAD: Computer-Aided Design 8| 1+ ™™
— Komponentenbibliothek e g 5
— Schaltplan T + i —
— Platinenlayout —]
— Auto-Router = =

e CAM: Computer-Aided Machining
— Atzen / Platinenhersteller: pdf, .egl
— Frasen: Gerber-Files
— Durch plugins erweiterbar

* EAGLE i

— “Einfach Anzuwendender Grafischer Layout Editor”
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Eagle Bootstrapping

e Freeware-Version: http://www.cadsoft.de/download.htm
e Erste Schritte hier nach SparkFun:
http://www.sparkfun.com/tutorials/108

e SparkFun Eagle Library Installieren (viele Bauteile und
Sensoren im Bereich Physical Computing und Ul
Prototyping) :

http://www.opencircuits.coSFE Footprint Library Eagle
e Sparkfun Keyboard Shortcuts Installieren:
http://www.opencircuits.com/SFE Eagle Shortcuts

e Atmel Library von CADSoft: http://goo.gl/dUICJ (dort
auch nach anderen interessanten Sachen ausschau
halten)
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Eagle: Wichtigste Ansichten
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Eagle: Wichtigste Ansichten
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Schaltplane
File -> New -> Project

M M O ¢ Control Panel - /Users/svenkratz/Documents/eagle/New_| Pro,;ect EAGLE 5.1...

‘Name A ‘ Description Empty Project
» & wafer-scale-psd.lbr @ Wafer Scale Integration PSD Devi...
» & wirepad.lbr @ Single Pads Use the
» & wuerth-elektronik.lbr @ WE eiSos -- EMC & Inductive Sol... context menu
» & xicor.lbr @ XICOR The Programmable Mixed... to create new
» & xilinx-virtex-vS.lbr @ XILINX Virtex VS schematic or
» & xilinx-xc9.lbr @ XILINXIn-System Programmable ... board files
» & xilinx-xc18v.lbr @ within this
» & xilinx=xcv.lbr @ XILINX Virtex?-E 1.8 V Field Pro... project.
» & zetex.lbr @ Zetex Power MOS FETs, Bridges, ...
» & zilog.lbr @® Zilog Z80 Microprocessor Devices
» Design Rules Design Rules
» User Language Programs User Language Programs
» Scripts Script Files
» CAM Jobs CAM Processor Jobs
v Projects
v 3y eagle
» &8 CapWidget-Board ©° Empty Project
» @8 Neues_Projekt ° Empty Project
_ Eagle-Tutorial
&8 ShoeCam ° Empty Project A
3 _] examples Examples Folder v
/Users/svenkratz/Documents/eagle/New_Project 4
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Schaltplane

FoEm Zelex.ior W LEIEX FUWET MTUD FEID, Driogey, ...

» & zilog.lbr @ Zilog Z80 Microprocessor Devices
» Design Rules Design Rules
» User Language Programs User Language Programs
» Scripts Script Files
» CAM Jobs CAM Processor Jobs
v Projects
v § eagle

v &3 CapWidget-Board

t

» Empty Projec

» 88 Neues_Projekt Close Project 1

e Shovcam E_‘Em
» 1 examples : A
Rename Board A J X

IUserslsvenkratz/Documeh Copy l Library

7 Delete ' CAM Job
Edit Description |

ULP
Use all Script
Use none Text

Folder

Project
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Schaltplane: Bauteil Hinzufligen

ADD
‘Name A Description
» MECA32 MICROCONTR...
MECA32-M MICROCONTR. ..
MECA32-P MICROCONTR...

» T8X5121 8-bit Microco... A , 10 ° ° °
T8C5121 8-bit Microco... Y
T89CS51CC02*-M Enhanced 8-bi... _ X l° ‘ ° °
T89C51CCO2*-TDSIM  Enhanced 8-bi... RURET
T7024 Bluetooth/ISM... J

v TINY13 8-bit AVR Mic,

TINY13-20PU
TINY13-20SSU 851 5
TRIVi3-2050 52 8-bit AVR Microcontroller with 1K Bytes In-System
TINY13V-10PU DiLO8 Programmable Flash
TINY13V-1055U 851
TINY13V-105U 852 Source
v TINY13® 8-bit AVR Mic... o hutp://www.atmel.com/dyn/resources/prod_documents /25358
TINY13-20MMO 10M1 v
Package: DILOS
Search MSmds ™ Description ™ Previev
Dual In Line
%4 atmel a & — B DI
( Drop ) (Cancel ) ( OK )
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wc

PEA/PCOINT/ AN/ OCDA T0ST
1 PEL/PCINTL/AINL/OCBE /INTO IS0
o PO2/PCINT 2,800/ MOCL/TO
A PEI/PCINTZ/CLKL/ADC3
PEA/PCINT4/M0C2
FPOS/PCINTE/REEE T/ADCR/DM
GND

TINY13-20PU

VT @ Left-click to place TINY2313-+p*




Schaltplan: Weitere Bauteile

N ]
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CAWTMI CAP-PTW - LARCE
g:’ma :‘:‘:’?_ Capacinor Sandard 0603 ceramed cagactor, and 0 1" leaded
» CAPPOL Capacioor Pola Sp—— Veltage Regulator Standand 7805 5V regulator. 160 Snput
v c-tdime Trimen Capact APPTH- S0 Cround Ouvtpu). Spars Fun Blecirenics SKU - COM-Q0107
[ EVITATATY Trimws Capacie Peckage: C ,
VAN R W WIMA Capaciters Package: TOZ20-000
Peees fo—n olnin. e

Kondensator 0.1pf 7805 5V Spannungsregler

200, 400
o & Derorgeen o N & Owir pron
v Sowkfen SowhFun Dt CNZI1209TH
v AVR_SP_PAC_G AVRIS? G An : COPERNICUS - DXPPTH 0
AVR_SA_PC_ENS  2NI-NS {f
AVR V"‘.C‘H) 03 OFFSEY . COPERNICUSSVD Copernicus
=0 O~1= 000 CP2L0X_USE_UART Siagle-Chp U
AVR_SM_PMC_62 .. ZW3_LOCK 1T U1 000 CP2L03_USS_UARY Single-Chip U NAN o o
> NS Header Su2 “1=0 O~= CREATIVE_COMMONS '{ﬂ}-
v wdinro Arduno Boade v CRYSTAL Crystals
»  ARDUNO2009_1 The Arduing D CRYSTALSXS CRYSTAL-SMO
» ARDUNOOON 2 The Ardwing O CRAYSTALIO SX4.B  CRYSTAL-SMOD
> ARDUINOIOORAN.1  The Anfsine O CRYSTALI2-SMD  CRYSTAL-32€
. '.":‘””‘”m-“-’ :\;‘_‘;’;:C’ AVILISP 8 Pin This i3 the seduted 18 conmector for AVA CAYSTALIPSONM  CRYSTAL-J2C :
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> AVR-S5P-6 Ava 526 Sen | ;‘f“ m’?o‘.“‘”b“w et 10»:-':&-9-. .N‘ usv Crystals Variows standand Crystals, Proven footprints. Soark
AVR-5P-6-LDCX & pin edge co soth as SK1). 90808506 Fus Blectrosics SeU - COM-00534
> AVRSA 10 AVRISP. 10%e | e CRYSTALSMD NC45UP
v WOy Cyvod Technal . CRYSTALTC26M TC26H s HCA
Package: 200 CRYSTALTC 36 YC38M - ackage HOAUS
CYI0e4215 « CRYSTAL

Seach  Msmas M Description ¥ Previer

ISP-Header Quartz (Generisch)

Michael Rohs, Sven Kra SS 2011




) 1 Schematic - /Users/svenkratz/ Documents eagle/Eagle-Tutorial/ untitled.sch - EAGLE 5.11.0 Light -
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¢ Left-click to select object to copy
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Schematic: Namen Setzen (F4)

i[of
« iz |® Eagle “Mental Model”: Operation auswéhlen, dann auf

Objekt anwenden

.l Name

1C1
e
FEO/PCINTR/AING/OCRH / New name:
FE1/PCINT1/AINL/0CE8 /1 IS0
PEB2/PCINT2/ S0/ AOC1/TO 'ATTINY
FEI/PCINTI/CLXI/ADCI ! 13 ]
FE84/PCINT4/MOC2
FES/PCINTS/FESET/ADCR/OM
GND \ \
( Cancel ) ( OK )
TINY13-28PU

L b=l fo fen foo

felekobolifo don
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Schematic: Wert Setzen (F5)

e
«iz|® Die elektrische Eigenschaft, die das Bauteil am besten

+ 1/l  beschreibt, in das Feld setzen

] Value

New value for C2:

(- 10.33uf |

7|3 (Cancel ) ( OK )
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Schematic: Leitung (F9)
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Board

¢ \/on der Schematic zur Board-Ansicht wechseln

Yalé
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Zunachst ist alles verschoben!
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Board: Group Select & Move

e Gruppe Auswdahlen (ALT-F7)
e Move Auswahlen (F7), Rechtsklick --> Group Move

o+'0 .
' W A
I :
888 s TINY1 3-20PU
e

Gelb: “air wires” AUR_SPS_PRG_&PTH M8

& TINY2343- %P

ST
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Board: Layers

T

Top
Bottom
Pads
Vias
Unrouted
Dimension
tPlace
bPlace
tOrigins
bOrigins
tNames
bNames
tValues
bValues

tStop
hCoanm

( New ) ( Change ) ( Del )

(Al ) ( None )

( Cancel ) ( OK

A
J
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Board: AutoRouter

Autorouter Setup

mn (Genenl Follow-me  Busses Route  Optimizel Optimize2 Optimize3  Optimize4 |

Preferred Directions
€ | i Routing Grid 50 mil

5:3]* ViaShape | Round ﬂ

4 \ [/ \
_ Load... ) ( Saveas.. )

( Select ) (Cancel ) ( OK )

s\ v

Auf N/A far Single-Layer Platinen setzen!
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Board: Auto-Router

Vias
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Board: Ripup Tool

vzl o Alle gelegten Verbindungen “Aufrei3en”
1l o Auf Ripup Tool Clic B |n
zl#f o Dann auf “Ampel” Clicken
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Board: Manuelles Routing ]
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Board: Netzklassen

e FUr unterschiedliche Leitungsstarken
e Edit --> net Classes

B Net classes
Nr  Name Width Drill Clearance
@0 default &mil Omil Omil
1 | " Omil Omil Omil
Omil Omil Omil
3 0 omil Omil Omil
Omil Omil Omil
" Omil Omil Omil
6 | " Omil Omil Omil
. Omil Omil Omil
(>>) ( Cancel ) ( OK )

Michael Rohs, Sven Kratz, LMU AK Hardware SS 2011




Frasen

e Modela MDX-20
e Evil Genius AVR Projects --> Design Rules File

e CAM.py
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3D Drucker
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3D Drucker: Workflow

-
¢ OpenSCAD

" .stl Datei ———  Slicing
ﬁ@ (Skeinforge) gCode

|

Drucker-Konfiguration

3 Thingiverse
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OpenSCAD

&  OpenSCAD - New Document
cube([10,10,10]);

translate([30,0,0])

{

sphere(r = 10);

}

translate([-20,0,0])

{

cylinder(h=10,rl1 = 5, r2 = 10, center=tru

e);

| w

Parsing design (AST generation)...

Compiling design (CSG Tree generation)...
Compilation finished.

Compiling design (CSG Products generation)...
Compiling design (CSC Products normalization)...
CSG generation finished.

Total rendering time: 0 hours, 0 minutes, 0 seconds

Viewport: translate = [ 0,00 0.00 0.00 ], rotate = [ 74.60 0.00 308.40 ], distance = 500.00
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OpenSCAD: Constructive Solid Geometry

@00  OpenSCAD-NewDocument

.

cube([50,10,10], center = true);

translate([5,0,0], center = true)
{
sphere(r = 10);
}

Parsing design (AST generation)...

Compiling design (CSG Tree generation)...
Compilation finished.

Compiling design (CSG Products generation)...
Compiling design (CSC Products normalization)...
CSC generation finished.

Total rendering time: 0 hours, 0 minutes, 0 seconds

Viewport: translate = [ 0,00 0.00 0.00 ], rotate = [ 56.40 0.00 220.90 ], distance = 500.00
Michael Rohs, Sven Kratz, LMU AK Hardware SS 2011




OpenSCAD: Constructive Solid Geometry

®Nn OpenSCAD - New Document

difference()

{
translate([5,0,0], center = true)

{
sphere(r = 10);

}
cube([50,10,10], center = true);

}

Parsing design (AST generation)...

Compiling design (CSC Tree generation)...
Compilation finished.

Compiling design (CSC Products generation)...
Compiling design (CSG Products normalization)...
CSG generation finished.

Total rendering time: 0 hours, 0 minutes, 0 seconds

\Viewport: translate = [ 0.00 0.00 0.00 ], rotate = [ 79.50 0.00 71.80 ], distance = 500.00
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OpenSCAD: Constructive Solid Geometry

®NN OpenSCAD - New Document

intersection()

{
translate([5,0,0], center = true)

{
sphere(r = 10);
}
cube([50,10,10], center = true);

H

Parsing design (AST generation)...

Compiling design (CSG Tree generation)...
Compilation finished,

Compiling design (CSG Products generation)...
Complling design (CSG Products normalization)...
CSG generation finished.

Total rendering time: 0 hours, 0 minutes, 0 seconds

\Viewport: translate = [ 0.00 0.00 0.00 ], rotate = [ 68.30 0.00 64.80 ], distance = 215.23

Michael Rohs, Sven Kratz, LMU AK Hardware SS 2011



OpenSCAD: lteration

for (1 « [0:8))
{
tronslote([30%cos(1*360/8),30%sin(1*360/8),0])
{

difference()
{
translate([0,0,0], center = true)
{
sphere(r » 1@);
}
rotate(1*360/8 )
{
cube([50,10,1@), center = true);
}
}
H
}
Parsing design (AST generation),,,
Compiling design (CSG Tree gemeration),,,
Compilation finished.
Compiling design (CSC Products generation)...
Compiling design (CSC Products normalization)...
CSC generation Rahed.
Total rendering time. 0 hours, 0 minutes, 0 secom
Viewport: transiate = [ 0.00 0.00 0.00 ], rotate = [ 40.30 0.00 291,80 |, dstance = 617.28 ]
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OpenSCAD: dxf Extrusion

& s  OpenSCAD - extrude.scad
linear_extrude(file="DXF474 dxf", height«2, center=
true);

Parsing design (AST generation)...

Compiling design (CSG Tree generation)...
Compilation finished.

Compiling design (CSG Products generation)...
Compiling design (CSG Products normalization)...
CSG generation finished,

Total rendering time: 0 hours, 0 minutes, 0 seconds

\Viewport translate = [ 7.54 2.85 1.28 ), rotate = [ 25,60 0,00 344,80 ], distance = 83,39
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Multimeter

=== Gleichstrom (DC),

— 1[I

W
QB "\ Wechselstrom (AC)}

Spannung

|

— Il

e

v

Strom

Schwarzes Messkabel immer auf COM ™
Strom (A, ma)

Spannung (V), Widerstand (Ohm)
Frequenz (Hz), Dioden
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