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Introduction

G-code interpreter

What (firmware)

Host Slicer(G-code and/or
software other code for printhead)

Objectives Software system

N -

Syllabus

CAM (Computer Aided Manufacturing) toolchain

*

Printer
CAD Model —=  stifile - communication
program
Controller
firmware
~™ Integrated Slicer & print program




Introduction

What

Objectives

Syllabus

¢ Tool Chain

The RepRap
Toolchain Guide

Gcode Generator

Slic3r

The newest gcode genera-
tor on the block. Slic3ris in
active development, It fea-
tures fast Gecode genera-
tion as well as a simple
user friendly Interface

File Type
.STL file
Pt o1 5D e e SFACT

used within the 3D
printing community. SFACT Is a simplified ver-
slon of Skeinforge that
offers a user friendly fea-
tures and correct defauit

settings.

Skeinforge

Skeinforge Is the mother of
all Geode generators, of-
fering the most advanced
and comprehensive control
over the slicing process.
Its one downfall Is Its com-
plexity, creating a very
steep and treachurous
learning curve for the first
time user./

Host Software
Pronterface

Pronterface Is the visual host by
Kliment. it features Intuitive user in-
terface, Siic3r Integration and STL
composition.

RepSnapper

Repsnapper Is written C++ making
it a fast bare-bones host program.
it has Its own Gcode generator that
Is fast and simple. It features easy
customization with custom buttons
that can send user specified Gcode
commands.

Replicator G

Originally designed to Interface
with the Makerbot, Repiicator G Is
a well rounded host software. Its
key feature Is real-time control of
feedrate. It Includes an Integrated
Skeinforge. It can have issues con-
necting to RepRap firmware due to
lack of support.

Repetier

Repetier offers a simple interface
with both Slic3r and Skeinforge
Integrated right Into the program.
Its key features include a visual
Gceode interface and a STL com-
poser allowing you to lay out
mulliple STL files on one plate.
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Firmware
Sprinter

Sprinter is simple to set up and get
going with, It offers simple calibra-
tion for first time RepRap users. It
features acceleration and support
for most electronics.

Marlin

Marlin Is the big brother to sprinter, of-
fering complete control of calibration, It
features acceleration, look ahead (for
high cornering speed), PID tempera-
ture control, proper arc support and
safety features. It Is more complex to
set up than Sprinter.

Teacup

Teacup Is the smallest firmware with
regars to instaliation size. This means
that It can fit on a regular Arduino Uno.
it written In C and has no dependen-
cles on Ardulno libraries. It does not
offer a wide feature set due to its com-
pact size.

Repetier

Repetier is based on Sprinter, but has
some unique features. It uses its own
unique communication protocol that is
more robust and relleble. it Is compat-
ible with other host software applica-
tions, but In order to utllize its repetier
protocol it must be used with the repe-
tier host application,
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Objectives

Syllabus

¢ Firmware

https://github.com/kliment/Sprinter

https://github.com/MarlinFirmware/Marlin

https://github.com/repetier/Repetier-Firmware

¢+ cardreader.cpp

h] cardreader.h

\h] Configuration.h

\h] Configuration_adv.h

¢+ ConfigurationStore.cpp

\h] ConfigurationStore.h

| | COPYING

A create_speed_lookuptable.py
A createTemperatureLookupMarlin.py
\h] dogm_font_data_marlin.h

\h] dogm_lcd_implementation.h
\h] DOGMbitmaps.h

h] fastio.h

] language.h

"% LCD Menu Tree.pdf

¢+ LiquidCrystalRus.cpp

\h] LiquidCrystalRus.h

|| Makefile

h] Marlinh

|| Marlin.pde

¢+ Marlin_main.cpp

¢ MarlinSerial.cop
h] MarlinSerial.h
&) Menu Plans.xlsx

¢+ motion_control.cpp

_h] motion_control.h

] pins.h

¢ planner.cpp

1] planner.h

¢+ Sd2Card.cpp
h] Sd2Card.h

h] Sd2PinMap.h
¢+ SdBaseFile.cpp
h] SdBaseFile.h
.h] SdFatConfig.h
] SdFatStructs.h
¢+ SdFatUtil.cop
_h] SdFatUtiLh

¢+ SdFile.cpp

] SdFile.h

h] SdInfo.h

¢+ SdVolume.cpp

h] SdVolume.h

¢4 Servo.cpp
h] Servo.h

= ]

3
N | AM” Lal

Advanced Manufacturing | Vodeling | Materials

] speed_lookuptable. h

¢+stepper.cpp

h] stepper.h

¢+ temperature.cpp

h] temperature.h
h] thermistortables.h

¢ ultraled.cpp
1] ultraled h

Lrﬂ ultralcd_implementation_hitachi_HD44780.h
¢ watchdog.cpp

h] watchdog.h

Marlin


https://github.com/MarlinFirmware/Marlin
https://github.com/MarlinFirmware/Marlin
https://github.com/repetier/Repetier-Firmware
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Like an OS of Arduino

Introduction

Marlin Framework
What

Input process

\'\.

——>

Objectives Dlsplay
Syllabus _---H\‘-,
Main body s
Process main lib
information | |
plan motion lib

Driving l

Temperature lib
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¢ Firmware

Introduction Stepper 1)

= = &
What .

Objectives plan motion lib

Syllabus
Configuration i

Temperature lib

M LcDlib |
Serial lib | _— 6
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¢ Firmware
Supported board

Configuration lib 2.7

] Configuration.h

What 1] Configuration_advh Sanguinololu Ultima ker

Introduction

RAM P S Duemilanove

¢ ConfigurationStore.cpp
\n] ConfigurationStore.h Gen3
ﬂ“ﬂ“i"-h alpha OMCA Rambo MegaTronics
n] pins.h
Objectives #ifndef MOTHEREORERD
${define MOTHERBOARD 99
Syllabus $endif
Different board has different pin map

10 = Gen7 custom (2Alfons3 Version) "https://github.com/Alfon;|
11 = Gen7 v1.1, vl1.2 = 11 #define X_STEP_PIN 19
12 = Gen7 v1.3 H X _DIR_PIN 18
13 = Gen7 vl1l.4

3 = MEGA/RAEMPS up to 1.2 = 3

33 = RaMPS 1.3 / 1.4 (Power outputs: Extruder, Bed, Fan)

34 = RaMPS 1.3 / 1.4 (Power outputs: Extruder(0, Extruderl, B

X_ENABLE_PIN 24

X_STOP_PIN 7

4 = Duemilanove w/ ATMega328P pin assignment tdefine Y STEP PIN 23
3 = Genb )

51 = Gen6é deluxe

€ = Sanguinololu < 1.2

€2 = Sanguinololu 1.2 and above
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¢ Firmware

o LCD lib SD lib

1] dogm_font_data_marlin.h ¢ cardreader.cpp |h] SdFatStructs.h
What 1] dogm_lcd_implementation.h lﬂ cardreader.h 9:] SdFatUtil.cpp
5] DOGMbitmaps.h ¢4 sd2Card.cpp 1] SdFatUtiLh
i]]lang:age.h I h] Sd2Card.h ¢+ SdFile.cpp
-+ LiquidC Rus.
S h] Sd2PinMap.h (B SdFile.h
|h] LiquidCrystalRus.h
& ultraled.cpp ¢ sdBaseFile.cpp 1] Sdinfo.h
o d ultraled.h h] SdBaseFileh ¢4 SdVolume.cpp
Objectives
] ultraled_implementation_hitachi_HD44780.h \n] SdFatConfig.h 'ﬂ SdVolume.h

= Seriallib  Mainlib SRR

— M21 - Init SD card

& MarlinSerial.cpp TSl — M22 - Release SD card
h] MarlinSerial.h ¢+ Marlin_main.cpp

: — M23 -Select SD file
SGI’VO Ilb Temperatu re ||b - M24 - Start/resume SD print

3 temperatuecpp  — MI25 - Pause SD print

& Corve: cee s
Bl Soryecpp 1l temperstureh  — [M]26 - Set SD position in bytes
@ Servo.h [n] thermistortables.h

|b — M27 - Report SD print status
— M28 - Start SD write

Stepper lib Plan motion

1] speed_lookuptable.h o mot?on_control.cpp - M29 - StOp SD write
¢ stepper.cpp ] motion_control.h .
[ stepperh &4 planner.cop — M30 - Delete file from SD &

|n] planner.h
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y Firmware - Main loop

£ Pin 13 has an LED connected on most Arduino boards.
Setu p() il give 1t & name:

int led = 13;

Introduction

What

.'. G SO VT TOCL I TTOTT Lu1g - L= ey 1y =t =t
vold setup() {
{{ initialize the digital pin as an output.
pinkode(led, OUTPUT);
1

—

. loop()
/f the loop routine yuns over and over asain forever:
vold loop{) {
Objectives figitallrite(led, HIGH); // turn the LED on (HIGH is the voltage level)
delay(1000); /i wait for a second

digitalWrite(led, LOW); F{oturn the LED off by making the voltage LOW

Syllabus

setup() loop()

Marlin 9
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Software

¢ Firmware - Main loop

void setup()

1
setup_killpin(); DiSa@ble every function for startup
setup_powerhold();: POwer man ageme nt
MYSERIAL begin(BAUDRATE);
SERIAL_PROTOCCLLNPGM( start”);
SERIAL_ECHO_START;

byte men = MCUSR; Check if startup is successful
if(mcu & 1) SERIAL_ECHOLNPGM(MSG_POWERUP);
if(men & '.'"] SERIAL_ECHOLNPGM(MSG_EXTERNAL_RESET):
i SERIAL ECHOLNPGMMMSG BROWNOUT_RESET);
1 #ifdef STRING_VERSION_CONFIG_H YOG _RESET);
1 _#fdef STRING_CONFIG_H_ATITHOR A FE FEQE T]
 SERIAL_ECHO_START; -
- SERIAL_ECHOPGM(MSG_CONFIGURATION_VER);
- SERIAL_ECHOPGM(STRING_VERSION_CONFIG_H); i i
 SERTAL_ECHOPGM(MSG_AUTHOR); ] Version info
| SERIAL ~ECHOLNPGM(STRING_CONFIG_H_AUTHOR);
- SERIAL_ECHOPGM("Compiled: ");
SERIAL_ECHOLNPGM(_DATE_);
" Fenddt
- #endif

Memory info

SERIAL_ECHO_START;

SERIAL_ECHOPGM(MSG_FREE MEMORY);
SERIAL_ECHO(freeMemory());
SERIAL_ECHOPGM(MSG_PLANNER_BUFFER_BYTES);
SERIAL_ECHOLN((int)sizeof(block_t)*BLOCK_BUFFER_SIZE);
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y Firmware - Main loop

// loads data from EEPROM if available else uses defaults (and resets step acceleration rate)

Introduction

Config RetrieveSettings() :

What o

tp_init () : // Initialize temperature loop
plan_init(): // Initialize planner:
watchdog_init() :

st_init() : // Initialize stepper, this enables interrupts!
Objectives setup_photpin() ;

servo_init() :
Syllabus

led init() :

_delay_ms(1000) - // wait lsec to displayv the splash screen

#1f defined (CONTROLLERFAN PIN) &R CONTROLLERFAN PIN > -1
SET OUTPUT (CONTROLLERFAN PIN) : //Set pin used for driver cooling fan
#endif

11
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y Firmware - Main loop

void loop() { ]
Introduction i card. closefile() :
SERIAL PROTOCOLLNPGM (MSG _FILE SAVED) ;
if|(buflen < (BUFSIZE-1))| - (MSG_FILE_ )
What }
get_command() - }
#ifdef SDSUPPCRT .
card. checkautostart (false) : ? =°
#endif is )
. process._commands ()
Objectives if (buflen) }
{ el
Syllabus #ifdef SDSUPPORT =-se
) ] process_commands () :
if (card. saving) -
{ #endif //SDSUFFORT

£ (strstr_P (cndbuffer[bufindr], psTg ~ ooiien = (buflenl):
{ bufindr = (bufindr + 1)%BUFSIZE:

card. write command (emdbuffer [bufin

) - [/check heater evervy n milliseconds
if (card. logging)

{ manage heater () :

manage_inactivity () :
checkHitEndstops () :
led_update() :

process_commands () :
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y Firmware - Main loop
get_command(): Getting g-code from serial port

Introduction void get_command()
{
while( MYSERIAL. available() > 0 && buflen < BUFSIZE) {
serial char = MYSERIAL. read() :
if@serial_char == "\n" ||

What

serial_char == "\r' ||
Objectives (serial char == ':" &% comment mode == false) ||
serial_count >= (MAX_CMD_SIZE - 1) )|
Syllabus {
if(!serial_count) { //if emptv line
comment_mode = false; //for new command
return;
}
emdbuffer [bufindw] [serial_count] = 0; //terminate string

if (! comment_mode) {
comment_mode = false; //for new command
fromsd[bufindw] = false:
if (strehr (emdbuffer [bufindwl, "I') != NULL)

{
strchr_pointer = strchr (emdbuffer [bufindwl, 'I'); 13
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¢ Firmware - Main IOOP case 2: // G2 - CW ARC
process_commands(): process g-code 1f (Stopped == false) {

void process_commands () get_arc_coordinates() ;

Introduction { prepare_arc _move (trus)
What unsigned long codenum: //throw away variable }
char *starpos = NULL; break;..
#ifdef ENABLE_AUTO_BED_LEVELING case 3 // G3 - (LW ARC
float x_tmp, v_tmp, z_tmp, real_z; if (Stopped == false) {
sendif get_arc_coordinates() ;
Objectives i (code_seen(' G )) prepare_arc_move (false) :
syllabus { #ifdef SDSUFFQRT -
switch((int)code_value()) case 20: // M20 - list SD card
{ SERIAL_PROTOCCLLNPGM (MSG_BEGIN_FILE_LIST)
case Q: // GO -» 1 card. 1s() -
case 1@ // Gl SERIAL_PROTOCOLLNPGM(MSG_END FILE _LIST) :
if (Stopped == false) { brealk ;
get_coordinates(); // For X Y Z EF case 21: // M21 - init SD card
#ifdef FWRETRACT
if (autoretract_enabled) card. initsd() ;
if( ! (code _seen(’X') || code se
float echange=destination(E_A break ;
if((echange<-MIN RETRACT &£ ! case 22: //M22 - release SD card

current_position[E_AXIS] card. release() ;
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What

Objectives

Syllabus
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% Firmware - Motion plan

GO01 command

L

[ Read dest. coords.

get_coordinates()

/ prepare_move()

)

plan_buffer_line()

[ Plan straight line path

planner_recalculate()

$

* planner_reverse_pass|()

[ Look-ahead

<

stepper lib

Pulse generate

* read next line

* planner_forward_pass()
) » planner_recalculate_trapezoids()

Look-ahead will only decelerate and
accelerate to some non-zero velocity, but
not completely stop -
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¢ Host software - send g-code
Repetier host ReplicatorG

Repetier-Host V0.82b - prusa-plate-1_fixed.stl ox Not Connected - ReplicatorG - 0021
I t d t, Soubor  Nastaveni  Teplcta  Tikarna  Napovéda v )
ntroauction o o [ |
- = N /S @ @ &3 .
Pinow | 1ot g t 11 7ohravitl o Show Filamert  7obeart achvby Nastaven fiskarny
Rezmistén( objektll | Slicer | Editor G-Codu | Manuain/ aviadani |
Iﬂ Ulezt jako STL l ] Zpracovat se Slicsr |

Posun objekty
x |-1.23700 ¥ [10.8019¢ Z [0.002

Zvetsit v pomeéru
x [1 Y| z |

¥ Uzamknout méritko

Natoceni
x [o Y o z [o
STL objekt
Drag to rotate
. . Mouse wheel te zoom
Objectives View
Move
) Zkopirevat objektly) HI  Automatické umi Rotate
Syl Ia b us < Vycentrovat objekt ¥ Pretahnout objekt Mirror
] Pridat objekt ® Odstranit abjekt Scale
Generate GCode

Zobrazitv logu: @ pikazy O kiormace O Varovini O chyby @ Ack O Automaticky posun @ WéistitLog ] Kopirovat

Ocpoienc - Necnnost. 927 FPS

Printrun

Port: @ 115200 v | Connecter | Réinitialiser & Monitor Printer | Mode réduit |
| Charger un fichier| Compose | b Imprimer | Pause |&
mm/min I | | | Entering skeinforge settings: python Jusr/lib/
SR TIOEEUES xv:|3000 |2iz'200 2 | | | ! ! 1 python2.6/dist-packages/skeinforge/
skeinforge_application/skeinforge.py
ax S = o Entering ske@nforqe settings: python Jusr/lib/
Fy> ﬁ python2.6/dist-packages/skeinforge/
L LU skeinforge_application/skeinforge.py
@ plate Function activated
plate function activated
L $ A 179, 100, 300]
|[S=x +X0| [32, 106, 300]
— ! A 1 ! [110, 135,300]
[10, 10, 300]
[10, 50, 300]
[10, 21, 300]
I | | | =5} Jisy Connection en cours..
72) -z | | | RéinitialiserEntering skeinforge settings: python/
- usr/lib/python2.6/dist-packages/skeinforge/
2 e S skeinforge_application/skeinforge.py
Buse: ( 0(off) | » ||Rég |Kire nperatures plate function activated ¢
Plateau: OFff 0(off) | » Autoplating

nverse 300 |3 mm/min [ | Envoyer |
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¢ Host software — serial communication

Procedure & oy
\\—//// - =

\\_;/_///

Serial Library

(Bl Y
Begin() Printin() |/
Read() Print() :
Flush() Available()

10010100110 ...

LU

Information passes between the computer

S and Arduino through the USB cable.

Information is transmitted as zeros ('0') and
ones ('17)... also known as bits! 17
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¢ Host software — serial communication

hd RepetierHost - Microsoft Visual Studio (Administrator)
FILE EDIT VIEW PROJECT BUILD DEBUG TEAM TOOLS TEST ANALYZE WINDOW  HELP

¥ 3 Quick Launch (Ctrl+Q) 2 X

Wenchao Zhou - [

e - B2 B Start - Release - AnyCPU - . =mfE =22 A -
. 5 R s- - ConnectionPanel.cs [Design] Main.cs™ Main.cs [Design]* ThreedCamera.cs Coordinate.cs ~ [ Solution Explorer :
Introduction 2 [ Repetiertios - %2 RepetierHost.connector SerialConnector - @ Connectd @ o-20aB o &
E_. 283 } f Search Solution Explorer (Ctrl+:) p-
= 284 if (resetOnConnect == @) b & Properies -
What : 285 { " Senie Reences
286 // Create safe start if we connect without reset. If we reset anythir . Ef”;‘:z:r’c‘mmwgmcs
287 if (transferProtocol == 2 || transferProtocol == @) 4 &1 SeralConnectionPanel.cs
288 { N R
289 // System.Threading.Thread.Sleep(500); // Wait for buffer to empt . Pﬁ::{;zz":ﬂ:fz"mﬂ
290 byte[] buf = new byte[1l00]; b <= VirtualPrinterConnector.cs
291 for (Gnt i =0: 3 < 100 j++) buflil = 0; D’ i:ﬂ‘::‘:’i"ti’h”e'“
292 serial.Write(buf, @, 1e0); b i images
293 serial.WriteLine(""); -I Y e .
Objectives 294 System.Threading.Thread.Sleep(1@ + 1000008 / int.Parse(baudRate))  eenoeiers Teem®piow Cosiien
295 } PrOPRrtiEs it i cv B x
296 GetInjectLock(); B | » .
Syllabus 297 InjectManualCommand("N1 M11@"); // Make sure we tal about the same 1i
298 InjectManualCommand("N1 M11@"); // Make sure we tal about the same 1i
299 InjectManualCommand("M115"); // Check firmware
300 InjectManualCommand("T" + Main.main.printPanel.comboExtruder.Selectec
301 InjectManualCommand("M1@5"); // Read temperature
302 ReturnInjectLock();

Repetier-Host: Sending g-code to serial port from PC (C#)

18
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¢ Host software — serial communication

char val; // variable to receive data from the serial port

Simple example of serial.read

Introduction int ledpin = 8; // LED connected to pin 48 (on-board LED)
What void setup() {
pinMode(ledpin, OUTPUT); // pin 48 (on-board LED) as OUTPUT
Serial begin(9600) ; // start serial communication at 960Q@bps
void loop() {
Obijectives if( Serial.available() ) {// 1f data is available to read
{
val = Serial read(); {/ Tead it and store it in 'wval'
Syllabus 1
if( val == '"H' ) /f 1f '"H' was received
{
digitalWrite(ledpin, HIGH); // turm ON the LED
}oelse {
digitalWrite(ledpin, LOW); {/ otherwise turn it OFF
t
delay(10@) ; {// wait 100ms for next reading
void get_command()
{

while({ MYSERIAL. available() > 0 &% buflen < BUFSIZE) {
serial char = MYSERIAL. read() :
if@serial_char =="'\n" ||

serial_char == "\r' ||

19
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¥ Slicing

Introduction

[ Input Model (STL or AMF) ]
|

What +

(Orientation)

l

Objectives ¢ Orientation
Syllabus o o SUPPOI‘"’ ¥ SUPPOI‘" structure
Slicing . s Slici
structure design v Slicing

Path planning
Machine instructions

£<4

£<4

!

( ath lamning

|
v

[ Machine Instructions ]

20
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Introduction

What

Objectives
H H
Syllabus ‘ ‘ | |
I I t ]| | | | | | |
v v B J s
- { ) I ) !
\ = : ! |
1 | |
c’- R, { -l-‘u RN ' [ e i i RIR (AT ] 1ty (N ) P'l iul
’ f A fi \ f I\ A | {i (l
' H \ | I | '
; I b b R - i ¥ 4k 4 q £ £
hn & WA Bl i L bl li ¢ (W - . v e
| | 1) [ V; 'I | 'y
| | | | | |
| 1l 1S | | I I -

| _ : 21
Picture credit: Raveh Gonen Sliced results
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https://ravehgonen.files.wordpress.com/2013/02/f16.jpg
https://ravehgonen.files.wordpress.com/2013/02/f16-slices-side-by-side.png
https://ravehgonen.files.wordpress.com/2013/02/f16-slices-side-by-side.png
https://ravehgonen.files.wordpress.com/2013/02/f16-3d-using-slices.png
https://ravehgonen.files.wordpress.com/2013/02/f16-3d-using-slices.png
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What

Objectives

Syllabus
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% Slicing - Data structure

v3 -> a vector with 3 floats {x,y,z}

LineSegment -> {v3 point0, pointl}

Plane -> {v3 normal, float distance}

Triangle -> {v3 vertices[3], normal}

TriangleMesh -> {vector of Triangle}

nSlices -> compute-number-of-slices using slice-size

W

Z-plane intersects model
triangles from
STL file

desired \
- polygon

new edge 22
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¥ Slicing - analysis

introduction Triangle Slicing — 4 Cases

What

& &

Objectives

Fromt Mesh  Plane Back Mesh Front Mesh Plane Back Mesh

Syllabus

aQuad a Triangle a Triangle a Quad

Fromt Mesh  Plane Back Mesh Front Mesh Plane Back Mesh

® Thears are mors degensrate cazss [The plans “Falls™ on one of the erignsl verices==no quad generaksd|

23

Picture credit: Raveh Gonen
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=

@

¥ Slicing - algorithm

ntroduction Algorithm Outline

What
for_each A in Triangle Mesh do

Objectives ' - for_each Plane ‘ in Planes (model.z0..model.z1) do

fFF

Syllabus

- If {all distances from T vertices to P <0} -> T is on back Plane

If {all distances from T vertices to P =0} -> T is on front Plane

else -> Intersect(T, P) -> Generate Line Segment using
two Intersection Points

A Plame bais [#3 normeal. float distance]
Distanca Irom varbss o plans: ver bex.dofprsdudljplane normal | = plass deitans &

24
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@

¥ Slicing - algorithm

Introduction Finding Triangle Plane Intersection

What

a PFlane

If (d0*d1<0)

510 = d1/(d1-d0) 521 =d2/f(d2-d1)

Objectives @ Intersection points = Linearlnterp{l1, 0, 510)

@ |ntersection points = Linearinterp(2, 1, s21)

Syllabus

A Plama s [v3 normal, float distance]
Digtanen from verbss b plans: vertsa dotgraductplans normal] = plars ditans s

25
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¢ Extrusion

Introduction

What

Objectives

Syllabus

(a) Filament based extrusion; (b) Syringe based extrusion; (c)
screw based extrusion

26
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¢ Extrusion

Filament is led Filament spool
to the extruder

Introduction

What

The extruder uses torque
and a pinch system to feed
and retract the filament
precise amounts.

A heater block melts the
filament to a useable
temperature.

Objectives

The heated filament is forced
out the heated nozzle at a
SyI labus smaller diameter

The extruded material is laid down
on the model where it is needed

www.reprapowo.pl
The print head and/or bed is moved

to the correct X/Y/Z position for placing
the material

A multi-head design *’

Pictures from google image
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Y FDM

Introduction
DI& 175 mm

What

The extruder wheel moves a certain distance
to push the required volume to the hot end.

43.0959 mm 3
58.1960 mm 2
£9.2581 mm @

Objectives

2000 mm

Syllabus

DIA 0.5 rmm 20% Error Increase in Diameter

10%6 Error Increase in Diameter
Normal Diameter (1.75mm)

Problems caused by the filament: a),
b) improper diameter filament, c)
Control buckling

% Extrusion temperature

% Extrusion speed
28
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|
!
|
Introduction . Laser
]
]
]
What i“ 172mnm
[\Sanihli}
|
]
]
]
Diverging F= -G
Lens I/\—ih "
Objectives o
’ 4 Mirrors -
Syllabus ¢ 2 stationary
¢ 2 mobile on XYZ table
—Y F= 1D0Om
¢ Total 7 DOF :
Lasg Mi/r ror S0 7 '
S 7 i Galvanoneter
Mirror- ____-____-------.A Nirrors
Scan Path 2lomn j
]
€53n 1

! Build
L 1 Platform

29
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Tension force

(separate print From Formlabs

Analog Galvanometer
Amplifiers

No F-Thetalens to
compensate barrel distortion
and beam divergence

Large Firing angle / \

- deform laser spot e
- refraction (glass/PDMS)
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% SLA - control galvo mirror

. Y-Axis Mirror
Introduction

What

X-Axis Mirror

Objectives

Syllabus

Pin 12 Ground TIP120

8 ohm
X Galvo 20 watt

USB Cable
(Provides 5v) 100 ohm +‘ = 470uF 35V
:D Arduino Duemilanove | Fin®
100 ohm
Pin 6
1 TIP120 N
Ground 8 ohm
(I Y Galvo < 20 watt
— 470uF 35V - 9

y— = 12V Power Supply | +

31

http://www.instructables.com/id/Arduino-Laser-Show-with-Full-XY-Control/?ALLSTEPS




§ AM Lab

Advanced Manufacturing | Viodeling | Materials

¥ Inkjet

Continuous Inkjet (CLJ) Drop-on-Demand (DoD) Inkjet
Introduction ransducer e Deflection Plates et  Transducer Paper
" _Hd\ — Motion into Orifice -'

What

Charge ¥ Substrate Driver
A g Driver
Objectives | f Data Pulse Train
Character Data Catcher

Ink at atmospheric pressure

Syllabus

Character Data
Source: MicroFab Technologies, Inc

Common DoD Inkjets

AP R R R R R R P
* 1‘htﬁthhﬁhf‘#,:‘t’:’:‘t*t’ﬁ

226520 %"

Thermo/Bubble jet: HP, Canon  Pjezoelectric Inkjet: Epson

Viscosity limitation: up to ~40cP
Printing frequency: ~10 to ~100 kHz .
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¥ Inkjet

Introduction CsIC Nozzle Selector Board

What

Ink Cartridge
CSIC Connection Circuit

Objectives

Syllabus

Filter

Cavity

Nozzle Plate PET

Printhead sectional drawing (from Epson service manual)
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Objectives

Syllabus

¥ Inkjet

Ink Path PZT Ink Cavity

van \
ozzie Nozzle plate

PZT drive voltage

Printing process (from Epson service manual)

E/@ AM® Lab

Advanced Manufacturing | Vodeling | Materials
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¢ Inkjet

C383 PNL Board

Introduction

What

CR Motor i Carriage

PF Motor

Page feed

Objectives

Syllabus

C383 PSB/PSE
Board

Electric circuit (from Epson service manual)
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Introduction
What P-RICH Resat 1
{11y {116}
EERRCIM
(IC15)
Objectives
EO1A15CA '_Ilcqul HR/PE Senser
Syllabus CPU {IC 9) i
Motor Driver
{IC12) CN12 CR Motor
"'"“Efgg:‘w E—jj PF Motor
e s {EE—— e
ey | I
() s
Paralle] I'F IC :I
(1C ) CM1 Parallel I'F
CM3 U=sg IC I
uUSB (1C3,1C2) { N1t ——] c3s3rnL |

Block diagram C383 Mainboard (from Epson service manual) !
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¥ Inkjet

F1
=1
Introduction =
What i A0 e — COM
b :; NPNB —COM
HWA3 e FB [ |cOoM
HWA4 a1 PNPB VHV
HWCLK1 CLK1 CNB _1: VHV
HWCLK2 Clkz
HWFLR FLOOR
HWRST RST —| CH
- HWSDATA DATA L LAT
Objectives HWSCLK OCLK — EMA
HWSLAT E —1 ENE
Ic10
Syllabus ICa CPU I Commom
E01A15CA Diriver 1C

HOH Mozzle Selecar IC Head Drive
‘ \ Pulse

HLAT
CRAI0
CRAN
SWCO COB
SWC1 COA
HSO1 sh
HS02 slz
HS0% S13
HS04 k4
HS05 CMal sls
HS06 SIE
HSOCMD 5P
HNCHG NCHG
HESOCLK SCK
AND THM
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Printhead driver circuit (from Epson service manual)
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Introduction

What

Objectives

Syllabus
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