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ABSTRACT

This-thesis presents theory “and ‘design of three-Dimensional” Printer. The
three-dimensional printer. composes - of hardware, software, injection and motor
driver parts. The goal.is to build the three-dimensional ‘printer that can print plastic
models from the designed digital-model..Responsibility of“this project is/the motor
driver part.

The precedures.”compese earning, design/and assembling” the necessary
electronic circuits, \including microcontroller board (MEGA '1280)and stepping motor
driver board (A4988) in“erder. to drive four stepping motors. One motor is used to
feed filament into injection. Another..three~motors is used for movement the
injection into x, y and z axes. Visual C++ language is used to program for driving the
stepping motors in order to move the stepping motors to the commended direction
and drive the stepping motor of injection. The movements of the three-axes stepping
motors are experimented. Stepping motor for feed plastic into nozzle at appropriate
temperature is tested. The experimental results show that the printer can move

three axes and print the designed plastic model. The error is acceptable.
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- vrnuldgeanil 16 druddwiodund (MIPS) Wel¥dygramning 16 wnudie
(MHz)

- MhwausunardmduluTunsuvun 128 Alalus Wew/auld 10,000 A

- MEANLSILUY EEPROM 2una 4 Alalud dew/auls 100,000 ads

- wAuTusuraeansy (SRAM) vuia 8 fAlalud

 iudioyaldndn 20 Vigaumail 85°C wazni 100 Uiigamnil 25°C
fiszuulusunsuiioeglumidn
« annsavinmssnuvasdeuldass lnsaunsadenmsinnuldifieruvasaivves

FONAULIS
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 fimsifouussanuiu JTAG (EEE std. 1149.1 Compliant)

auanUAnMadaudeiugunsalmeen

. ffadananuarituruin 8 On S1wau 2 f anansausnluuansvitnuainiuld
2 Tnun A Prescaler way Compare

. fshdsnauasiadurune 16 9n $1uau 4 f Auenluuanisvianuld 3 Tuum Ao
Prescaler, Compare wag Capture

« fuluunane3e (Real Time Counter) fienisassvuaar e

< i PWM F1uau 12 Fesdygadiannsafvuaauandoals 16 Un

« TshuFunamswssuiiBuraIANn

. Tshudasdynueurdenliiluiineavuin 10 On 31udu 16 Yodygn

L4

- fwpindom sounsufianthsanumdrsmasitzadliouiu 4 wesn
- WewUszauaynsaiuy S evismsidusnawesiavalon_(Master/Slave)

» imsd aslsvauuuusynsdoaedng o2 @diuuudsweyauwvuiS velud (Byte
Oriented)

al e n‘j L3 ﬂl o ] @
- fdamnaluuvrendianndlunsatinuanisitnulalasai v sowendey yiw

b

wIRAN A AsITwW

« IinSeuwisudgaiauusuaenaglus

+ 1IN135095UN I TATINISUALDN TWIN-BN (Wake-up) dofinisw douudaaied uiv
VIVDITN

ARANUANILAY

» fsvuususrutdel ms s aus slisvuunira dunsiinus e @ Brown-out) 1
AT RUANI TN UL

. Sidhnyrammaiisesasepatiawnsogluda (Intermal Calibrated Oscillator)

- flund w3t vansgientuludasn wuen (External and Intefnal Interrupt
Sources)

« AnuANISY19A4AEY 6 WUY AD : Idle, ADC Noise Reddction, Power-save,
Power-down, Standby. iag Extended Standby.

- BUNA/BIAWA UATAINY

. fivvpsduwa/iodne anansofmusniiaiauld 86 1

- fNSUUL TQFP wilm 100 2

« Pr9gamgiiidwihauld -40°C fia 85°C

- Tvaamsvhanu: 7 1 MHz Foen1suseiu 1.8V nasua 500 MA

- Tnumwesaa (Power-down) fiasmsnsuwaiiios 0.1 A Auseiu 1.8V
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5U71-3.8 vain ET-EASY MEGA 1280 (DUINO'MEGA)

3.2.2 vaiadunawmas (Stepping Motor Driver Board A4988)

gﬂ‘ﬁ 3.9 Stepping Motor Driver ‘Board (A498)

19959ULARBUY Stepping Motor 1aBTUAIAINITYINUANNAN Microcontroller Board

Felulasea1uiild Microcontroller Board Wu Arduino MEGA 1280 lawwu Shield Board

Ramp 1.4
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sU#i 3.10 M3l Stepping Motor Driver Board (A498)

3.2.2.1 95msne Stepping Motor Driver Board A4988

—=+| VDD

microcontrolier

—{GND

—OQIC pOWERSUDPlY =9
:
[ P B ﬁ".-' J !
Bk

E‘Uﬁ 3.11 24959989 Stepping Motor Driver Board A4988

- nrsarelideals Driver a¢l4lwiafisr899n Power Supply 12V 5A AU Arduino
MEGA 1280 wag Stepping Motor AlAsUlWEL 91 Arduino MEGA 1280 Board wiufiu

- M3#e Stepping Motor yasanmalauds Jvimseemusun 3.11 1d
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3.2.3 Reprap Arduino Mega Pololu Shied w38 RAMPS 1.4

Reprap Arduino Mega Pololu Shied %58 RAMPS gnaamwumtﬁa‘lﬁmmzauﬁa
msldnuiugunsaidiinvnseiinduos Reprap sluunainazuiaian 1 gn Tus1A187
RAMPS [ audafuuasn Arduino Mega feuuwanWesuiivuszansain uazidewining
dmudeudensianinisdsly mssonuuuligarslésums deudenistuindouneine’

wazdrumuaiidanaradnliluvesa RAMPS wadsesonisldau
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v o ) d  aw | v al
» lidmiumsosiing 3 unu wazdruiin
s - P )
- annsoa e lluniseausseunsaiauls

. InsuBawmas MOSEETS 3 67 dmsuLASamI U WAaY War 9aswaslawas 3

2199
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=i ] ' ° v ] Ll $ -’ = o -J
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panuuvluoulAn

« 319712C waz SPI 1’;’??1W%'Uﬂ"1"sﬁwuﬂuamﬂmaialu

- 9uTAROS MOSFETS Yiavin iBousofUan PMW (iigmasiounyszas

« dnwiuznas@ondenalnaauaulfluniident End Stops, Motor, LEDs andaazgn
guimenen I 3A Tvunadniavduaing

- 5945V USB ol B

« in SD'Card L4t
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RAMPS 1.4 (RepRap Arduino MEGA Pololu Shield)

reprap.org/uiki/RAMPS1.4

Reversing input pouer, and inserting stepper drivers incorrectly uill destroy electronics.
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Configuration.h

#ifndef CONFIGURATION_H

#define CONFIGURATION_H

#define MOTHERBOARD 33

#define THERMISTORHEATER1

#define THERMISTORBED 1

#define AXIS_STEP_PER_UNIT {80,80, 3200/1.25,700}
#define ENDSTOPPULLUPS

const bool X ENDSTOP AINVERT =false;
const boolY ENDSTOP_INVERT = false;
const bool Z-ENDSTOP INVERT = false;
#define BAUDRATE 115200

#define X_ENABLE ON0O

#tdefine Y_ENABLE_ONO

#define Z ENABLE-QONO

#define E_ENABLE ON O

const bool RISABLE X = false;

const bool DISABLE & = false;

const bool DISABLE \Z =rue;

const bool DISABLE E'= false;

const bool INVERT X DIR =false;

const bool INVERT Y DIR = false;

const bool INVERT_Z DIR = true;

const bool INVERT_E_DIR = false;

#define X_HOME_DIR -1

t#tdefine Y HOME DIR -1

#define Z HOME_DIR -1

const bool min_software_endstops = false;
const bool max_software_endstops = true;
const int X_MAX_ LENGTH = 200;

const int Y_MAX_LENGTH = 200,



const int Z_ MAX_LENGTH = 100;
const int NUM_AXIS = 4;
#define _MAX_FEEDRATE {400, 400, 2, 45}
#define HOMING_FEEDRATE {1500,1500,120}
#define AXIS_RELATIVE_MODES {false, false, false, false}
#define MAX_STEP_FREQUENCY 30000
define MAX_RETRACT_FEEDRATE 100
#ifdef RAPID_OSCILLATION_REDUCTION
const long min_time_before_dir_change = 30;
#endif
skeinforge 40+, for older versions raise them.a-lot:
#tdefine ACCELERATION
#define RETRACT_ACCELERATION-2000
#define _MAX_XY JERK 20.0
#tdefine _MAX Z JERK 0.4
#define _MAX E_JERK 5.0
#define _MAX-ACCELERATION_UNITS PER_SQ_SECOND {5000,5000,50,5000
#define MINIMUM_PLANNER_SPEED 0.05
#define DEFAULT MINIMUMFEEDRATE 0.0
#define DEFAULT_MINTRAVELFEEDRATE < 0.0
#define_MINJSEG_TIME20000
const int dropsegments=5;
#tdefine _DEF_CHAR_UUID."00000000-0000-0000-0000-000000000000"
#ifdef SDSUPPORT

#define BLOCK_BUFFER_SIZE 16

#define BLOCK ,BUFFER”MASK 0x0f
#else

#define BLOCK_BUFFER_SIZE«16

#define BLOCK_BUFFER_MASK 0x0f
#endif
f#tdefine MM_PER_ARC_SEGMENT 1
#define N_ARC_CORRECTION 25
#define FAN_SOFT_PWM
#define MINIMUM_FAN_START_SPEED 0
#define MINIMUM_FAN_START_TIME 6000 //6sec
#ifdef AUTOTEMP

#define AUTO_TEMP_MAX 240
#define AUTO_TEMP_MIN 205

a5
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#define AUTO_TEMP_FACTOR 0.025
#define AUTOTEMP_OLDWEIGHT 0.98
#endif
#define HEATER_CURRENT 255
 #define HEATER_CHECK_INTERVAL 500
#define BED_CHECK_INTERVAL 5000 i
#define DISABLE_CHECK_DURING_ACC |
#ifndef DISABLE_CHECK _DURING_ACC
#endif
#define DISABLE_CHECK_DURING_TRAVEL 1000
#define MINTEMP 5
#define MAXTEMP 275
#define BED_USES_THE
#define CONTRO /
f#tdefine E u RFf‘_’_“___EE
#ifdef DEBUG
sendit 1 =¥
#endif )
2
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Sprinter.h

#if defined(ARDUINO) && ARDUINO >= 100

#include "Arduino.h"
#else

#include <WProgram.h>
#tendif
#include "fastio.h"
extern "C" void __cxa_pure_virtual();
#define FORCE_INLINE __attribute__((always_inline)) inline
#if X_ENABLE_PIN > -1
#define enable x() WRITE(X“ENABLE_PIN, X_ENABLE_ON)
#define disable_x() WRITE(X_ENABLE.PIN,X_ENABLE ON)
t#else
#define enable_x() ;
t#define disable x();
#endif
#if Y_ENABLE_PIN -1
#define enable_y() WRITE(Y. ENABLE PN, Y ENABLE ON)
#define disable_y() WRITE(Y_ENABLE_PIN,!Y_ENABLE, ON)
#else
#define enable. y() ;
#define disable y() ;
#tendif
#if Z_ENABLE_PIN>~1
#define enable_z() WRITE(Z_ENABLE PIN, Z_ENABLE™ ON)
#define disable_z()WRITE(Z ENABLE_PIN,!Z_ENABLE_ON)
#else
#define enable_z() ;
ttdefine disable_z();
#tendif
#if E_ENABLE_PIN > -1
#define enable_e() WRITE(E_ENABLE_PIN, E_ENABLE_ON)
#tdefine disable_e() WRITE(E_ENABLE_PIN,IE_ENABLE_ON)
f#else
#define enable_e() ;
t#tdefine disable_e();
#endif



#define X_AXIS 0
#defineY_AXIS 1
#idefine Z AXIS 2
#define E_AXIS 3
typedef struct {
long steps_x, steps_y, steps_z, steps_e;
unsigned long step_event_count;
long accelerate_until;
long decelerate_after;
long acceleration_rate;
unsigned char direction_bits;
* DIRECTION_BIT in config)
#ifdef ADVANCE
long advance rafe;
volatile longinitial_advance;
volatile long final_advance;
float advance;
#endif
float nominal_speed,
float entry_speed;
float max_entry speed;
float millimeters;
float acceleration;
unsigned char recalculate _flag;
unsigned charinominal_length flag;
long nominal_rate;
long initial_rate;
lorig final_rate;
long acceleration_st;
volatile char busy;,
} block t;
void FlushSerialRequestResend();
void ClearToSend();
void analogWrite_check(uint8_t check_pin, int val);
void showString (PGM_P s);
void manage_inactivity(byte debug);
void get_command();

void get_coordinates();

48



void prepare_move();
void prepare_arc_move(char isclockwise);
FORCE_INLINE void process_commands();
#ifdef USE_ARC_FUNCTION
FORCE_INLINE void get_arc_coordinates();
#endif
void kill(byte debug);
void check_axes_activity();
void plan_init();
void st_init();
void tp_init();
void plan_buffer_line(float, float y, float z, float e, float feeduiatel;
void plan_set_position(ftoat x, float y, float z, float/e);
void st_wake_up();
void st_synchronize();
void st_set/ position(const leng &x, const long &y, const tong &z;-const long &e);
void check_buffer_while_arc();
#ifdef SDSUPPORT
void print_disk_infolvoid);
#endif
#if (MINIMUM_FAN-START . SPEED>0)
void manage fan start-speedivoid);
#endif
#ifdef DEBUG
void log_message(char* message);
void log_bool(char* message, boolvatuel;
void log_int(char* message, int value);
void log_long(char* messageylong value);
void log_float{char* message, float.value);
void log_uint(char* message, unsigned int value);
void log_ulong(char* message, unsigned long value);

Hendif
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Sprinter
char axis_codes[NUM_AXIS] = {X, g S
float axis_steps_per_unit[d] = AXIS_STEP_PER _UNIT;
float max_feedrate[d]= _MAX_FEEDRATE;
float homing_feedrate[] = HOMING_FEEDRATE;

bool axis_relative_modes(] = _AXIS_RELATIVE_MODES;
float move_acceleration = _ACCELERATION;

float retract_acceleration = RETRACT_ACCELERATION;
float max_xy_jerk = _MAX_XY_JERK;

float max_z_jerk = _MAX_Z_JERK]

float max e jerk = MAX E<JERK;

unsigned long min_seg” time =-MIN-SEG_TIME;

#ifdef PIDTEMP

unsigned int PID_Kp = PID PGAIN, PID- Ki = PID_IGAIN, PID- Kd = PID_DGAIN;
#endif

long max acceleration-units_per_sq_second(d] =
_MAX_ACCELERATION_UNITS_PER_SQ_SECOND;

float mintravelfeedrate = DEFAULT_MINTRAVELFEEDRATE;
float minimumfeedrate = DEFAULT MINIMUMFEEDRATE;
unsigned long axis_steps_per._sar._second{NUM_AXIS
unsigned long plateau steps;

volatile int feedmultiply=100; //100->eriginal /200 > Factor 2 /50 => Factor 0.5
int saved_feedmultiply;

volatile bool feedmultiplychanged =false;

volatile int extrudemultiply=100; //100->1 200->2

float destination[NUM_AXIS] = {0.0,.0.0, 0.0, 0.0},

float current_position[NUM,AXIS] = {0.0, 0:0, 0.0, 0.0}
float add_homing[3]={0,0,0};

static unsigned short virtual_steps_x = 0;
static unsigned short virtual_steps y = 0;
static unsigned short virtual_steps_z = 0;

bool home_all_axs = true;
int feedrate = 1500, next_feedrate, saved_feedrate;
long gcode N, gcode_LastN,;
bool relative_mode = false;

bool is_homing = false;
#ifdef USE_ARC_FUNCTION



float offset(3] = {0.0, 0.0, 0.0}
#endif
#ifdef STEP_DELAY RATIO
long long_step_delay _ratio = STEP_DELAY_RATIO * 100;
ftendif
#ifdef RAPID_OSCILLATION_REDUCTION
float cumm_wait_time_in_dir[NUM_AXIS]={0.0,0.0,0.0,0.0};
bool prev_move_direction[NUM_AXIS]={1,1,1,1};
float osc_wait_remainder = 0.0;
#endif
#define MAX_CMD_SIZE 96
#define BUFSIZE 6
char emdbuffer[BUFSIZEIIMAX_CMD_SIZE];
bool fromsd[BUFSIZE];
unsigned char bufindr = 0;
unsigned char bufindw = 0;
unsigned char buflen = 0;
char serial_char;
int serial count =0;
boolean comment imode = false;
char *strchr_pointer;
int hotendtC="0, bedtempC =0;
unsigned long previous® millis.emd =0;
unsigned long max_inactive_time = 0;
unsigned long stepper_inactive time = 0;
unsigned char manage manitor = 255;
void analogWrite_check(uint8 tcheck pin, int val)
{
#if defined(__AVR_ATmega1280".) || defined(--AVR-ATmega2560 )
if((check_pin!= 11) && (check_pin != 12) && (check_pin != 13))
{
analogWrite(check_pin, val);
}
#endif
void setup()
{
Serial.begin(BAUDRATE);
showString(PSTR("Sprinter\r\n");
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showString(PSTR(_VERSION_TEXT));
'sﬁowString(PSTR("\r\n")},
showString(PSTR("start\r\n"));
for(int i = 0; i < BUFSIZE; i++)
{

fromsd][i] = false;
}
#if X_DIR_PIN > -1

SET_OUTPUT(X_DIR_PIN);
#endif
#ifY DIR_PIN> -1

SET_OUTPUT(Y_DIR_PIN);
#endif
#if Z_DIR_PIN »-1

SET_OUTRUT(Z_DIR_PIN);
#endif
#if E_ DIR PIN> -1

SET_OUTRUT(E.DIR_PIN),
#endif
#if (X_ENABLE_RIN >=1}

SET _OUTRUT(X_ENABLE_PIN)
if(1X_ENABLE_ON) WRITE(X_ENABLE _PIN,HIGH);
#endif
#if (Y_ENABLE_PIN > -1)

SET_OUTPUT(Y "ENABLE -PIN);
if(lY_ENABLE_ONMWVRITE(Y ENABLE_PIN;HIGH);
#endif
#if (Z_ENABLE_PIN > -1)

SET_OUTPUT(Z_ENABLE_PINJ,
if(1Z_ENABLE_ON) WRITE(Z_ENABLE_PIN,HIGH);
#endif
#if (E_ENABLE_PIN > -1)

SET_OUTPUT(E_ENABLE_PIN);
if(IE_ENABLE_ON) WRITE(E_ENABLE_PIN,HIGH);
#endif
#ifdef CONTROLLERFAN_PIN

SET_OUTPUT(CONTROLLERFAN_PIN);
#endif



#ifdef EXTRUDERFAN_PIN
SET_OUTPUT(EXTRUDERFAN_PIN),

#endif

#ifdef ENDSTOPPULLUPS

#if X_MIN_PIN > -1
SET_INPUT(X_MIN_PIN);
WRITE(X_MIN_PIN,HIGH);

#endif

#if X_MAX_PIN > -1
SET_INPUT(X_MAX_PIN),
WRITE(X_MAX_PIN,HIGH);

#endif

#ifY_MIN_PIN > -1
SET_INPUT(Y /MIN_PIN);
WRITE(Y_MIN_ PIN,HIGH);

#endif

#if Y_MAX_PINS -1
SET_INPUT(Y_MAX_ PIN);
WRITE(Y _MAX PINHIGH);

#endif

#if Z_MIN_PIN > -1
SET_INPUT(Z_MIN-PIN);
WRITE(Z . MIN__PIN,HIGH);

#endif

#if Z MAX PIN> -1
SET_INPUT(Z,MAX_PIN};
WRITE(Z_MAX_PIN,HIGH);

#endif

#else

#if X_MIN_PIN> -1
SET_INPUT(X_MIN_PIN);

#endif

#if X_MAX _PIN > -1
SET_INPUT(X_MAX_PIN);

#endif

#IfY_MIN_PIN > -1
SET_INPUT(Y_MIN_PIN);

#endif
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Hif Y MAX_PIN > -1
SET_INPUT(Y_MAX_PIN);

ttendif

Hif Z MIN_PIN > -1
SET_INPUT(Z_MIN_PIN);

#endif

#if Z MAX_PIN > -1
SET_INPUT(Z_MAX_PIN};

#endif

#endif

#if (X_STEP_PIN > -1)
SET_OUTPUT(X_STEP_PIN);

#endif

#if (Y_STEP_PIN >*~1)
SET_OUTRUT(Y_STEP_PIN);

#endif

#if (Z_STEP_PIN'S -1)
SET_OUTPUT(Z( STEP_PIN);

#endif

Hif (E_STEP_PIN® £1)
SET OUTPUT(E STEP-PIN);

#endif

#ifdef HEATER“USES_MAX6675
SET_OUTRUT(SEK PIN)
WRITE(SCK PIN,0);
SET_OUTPUT(MOSI_PINJ;
WRITE(MOSI_PIN,1);
SET_INPUT(MISO_PIN);
WRITE(MISO_PIN,1);
SET_OUTPUT(MAX6675_SS);
WRITE(MAX6675_S5,1);

#endif
showString(PSTR("Planner Init\r\n"));
plan_init();
showString(PSTR("Stepper Timer init\r\n"));
st_init();
showString(PSTR("Free Ram: "));
Serial.printin(FreeRam1());



showString(PSTR("Plan Buffer Size:"));
Serial.print((int)sizeof(block_t)*BLOCK_BUFFER_SIZE),
showString(PSTR(" /"));
Serial.println(BLOCK_BUFFER_SIZE);
for(int8_t i=0;i < NUM_AXIS; i++)
{
axis_steps_per_sqr_second(i] = max_acceleration_units_per_sq_second(i] *
axis_steps_per_unit[i};
}
}
void loop()
{
if(buflen < (BUFSIZE-1))
get_command();
if(buflen)
{
#ifdef SDSUPPORT
if(savetosd)
{
if(strstr(emdbufferfbufindrl,"M29") == NULL)
{
write” command(cmdbufferbufindrl);
showString(PSTR("ak\n!));
}
else
{
file.sync();
file.close();
savetosd = false;
showString(PSTR("Done saving file.\r\n"));

}

else

{

process_commands();

}
Helse

process_commands();

o
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Hendif |
buflen = (buflen-1); '
bufindr++;
iftbufindr == BUFSIZE) bufindr = 0;

}

manage_heater();

manage_inactivity(1);

#if (MINIMUM_FAN_START_SPEED > 0)
manage_fan_start_speed();

#endif

}
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Pins.h

#if MOTHERBOARD == 33
#define MOTHERBOARD 3
#define RAMPS V 1 3
#endif
#if MOTHERBOARD == 3
#define KNOWN_BOARD 1
LRV THIS 2/ 11
#ifndef AVR ATrnega1280
#ifndef AVR ATmega2560
#error Oops! Make sure youhave"Arduino Mega' selected from the Tools -> Boards' menu.
#endif
#endif
// uncomment ane of the following lines for RAMPS v1.3 or v1.0, comment bothforvl.2 or 1.1
// #define RAMPS V' 1 3
// #defing RAMPS-V .1 0
#ifdef RAMPS.V 1.3
#define X_STEP_PIN 54

#idefine X_DIR PIN 55

#define X_ENABLE_PIN 38

Hdefina X_MIN_PIN 3

#define X_MAX_PIN -1-//2 //Mex-endstops default to disabled"-1", set.to commented

value to enable:

#define Y STER_PIN . 60

#define Y_DIR_PIN 61
#define Y_ENABLE.PIN ~ 56
#define Y_MIN_PIN 14
#tdefine Y_MAX_PIN =175
#idefine Z_STEP_PIN 46
t#tdefine Z_DIR_PIN 48
#tdefine Z ENABLE PIN 62
fdefine Z_MIN_PIN 18
#define Z_ MAX_PIN -1 W19
#define E_STEP_PIN 26
#define E_DIR_PIN 28

#idefine E_ENABLE_PIN 24
#define E_1_STEP_PIN 36



#defineE_1_DIR_PIN 34

t#tdefine E_1_ENABLE PIN 30

ftdefine SDPOWER -1

#tdefine SDSS 53

#define LED_PIN 13

#define FAN_PIN 9

tidefine PS_ON_PIN 12

#define KILL_PIN -1

#define ALARM_PIN -1

#define HEATER 0 PIN 10

#define HEATER 1 PIN 8

#define TEMP_0_PIN 1347/ ANALOG NUMBERING
#define TEMP_1_PIN 14 _//"ANALOG NUMBERING
#define TEMP_2. PIN 15 7/-ANALOG NUMBERING
#else // RAMPS'V_1_1 or RAMPS-V.1_2as default
#define X_STEP_PIN 26

#define X_DIR-PIN 28
#define X_ENABLE_PIN 24
#define X_MIN_PIN 3
#define X_MAX_PIN e
#define Y_STEP_PIN 38
#define’Y DIR"PIN 40
#define Y_ENABLE_PIN" - 736
t#tdefine Y_MIN_PIN 16
#define Y_MAX PIN -y Y
#tdefine Z_STEP PIN a4
#define Z_DIR_PIN 46
#define Z_ENABLE_PIN 42
#define Z_MIN_PIN 18
#define Z MAX_PIN =1 /19
#define E_STEP_PIN 32
#define E_DIR_PIN 34
#define E_ENABLE_PIN 30
#define SDPOWER a8
#define SDSS 53

#define LED_PIN 13
#define PS_ON_PIN f

#define KILL_PIN 1
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#define ALARM_PIN -1

#ifdef RAMPS V 1 0//RAMPS V_1 0
#idefine HEATER 0 PIN 12 // RAMPS 1.0
#define HEATER 1 PIN -1 // RAMPS 1.0
t#tdefine FAN_PIN 11  // RAMPS 1.0

ttelse // RAMPS V_ 1 10orRAMPS V 1 2
#define HEATER O PIN 10 // RAMPS 1.1
#define HEATER 1 PIN 8 // RAMPS 1.1

#define FAN_PIN 9 //RAMPS 1.1
#endif
#define TEMP_0_PIN 2 //MUST USE ANALOG INPUT.NUMBERING NOT DIGITAL QUTPUT
NUMBERING!!HHI
#define TEMP 1 PIN 1 //MUST USE ANALOG INPUT-NUMBERING NOT DIGITAL OUTPUT
NUMBERINGHIH!L
#endif
// SPI for Max6675 Thermacouple
#ifndef SDSUPPORT
// these pins are defined inthe SD library if building with SD support
#define SCK_PIN 52

#define MISQ_PIN 50
#define MQSI_PIN 51
#define MAX6675_SS 33
#else
#define MAX6675_S5 49
#endif
#endif
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2.2 1ana13Aan5IYMUET-EASY MEGA1280 (ARDUINO MEGA)

1§ 3 low-power CMOS g-bat microcontroller based on the
By axecuting powariul instructions in a single clock cycle. the
1280/1281/2560/2561 achieves throughputs approaching 1 MIPS per MHz allowing

Overview
The ATmegat40/1280/1281/ 25607256
AVR enhanc ij 3C arschiaciure
-\ "nega 0
@ system 1&:51gr-:-"‘.e Jptimize pOWer CONSUMPhon varsus processing speed
Features

High Performance. Low Power AVR' 8-Bit Microcontrolier
* Advanced RISC Architecture
— 135 Powertful instructions — Most Single Clock Cycle Execution
- 32 x 8 General Purpose Working Registers
- Fully Static Operation
- Up to 16 MIPS Throughput at 16 MHz
- On-Chip 2cyclke Multipher
* High Endurance Non-volatile Memory Segments
: 64K/128K/256K Bytes of in-System Self-Programmable Flash
- 4K Bytes EEPROM
8K Bytes Internal SRAM
Write'Erase Cyeles:10 000 Flash/{00 000 EEPROM
Data retention: 20 years at B5°C' 100 years at 25°C
Optional Boat Code Section with Independant Lock Bits
+ In-System Programming by On-chip Baot Program
* True Read-While-Wnite Operation
- Programming Lock for Software Security
Endurance: Up to 64X Bytes Optional External Memory Space
* JTAG (IEEE std 11464 liant) Interface
- Boundary-scan Capabllnm According to the JTAG Standard
- Extensive On-chag Support
- Programmingof Flash, EEPROM, Fuses. and Lock Bits through the JTAG Interface
. Du al Featuras
wo B-bit Timer/ Counters with Separate Prescaler and Compaie Mode
- Four 16-bit Timer/Counter with Separate Prescaler, Compars- and Capture Mode
~ Real Time Counter with Separate Oscillator
- Fout B-bit PWM Channels
= Six/Twelve PWM Channels with Programmable Resolution from 2 1o 16 Bits
iATmogaﬂtﬁZSﬂ ATmegat10/1280:2560)
- Output Compare Modulator
- &1 6channel. 10-bit ADC (ATmegat 2812561, ATmegabaoy1 280:2560)
= Two'Four Programmable Serial USART (ATmegai 2812561 &Tmega&!ﬂ“lzw'ﬁwl
-~ Master/Slave 5P Senal Interface
~ Byte Oriented 2-wire Senal Interface
- Programmable Watchdog Timer with Separate On-chip Oscillator
~ On-chip Analog Compar ator
- Interrupt and Wake-up on Pin Change
* Special Microcontroller Features
~ Power-on Reset and Programmablke Brown-out Detection
- Internal Calibrated Oscillator
- External and Internal Interrupt Sources
- Six Skeep Modes: Idle. ADC Noise Reduction. Power-save. Powar-down, Standby.
and Extendad Standby

* VO and P
- SyBe rammable VO Lines (ATmaga1281/2661. ATmegati0/1280/2560)
- 64-pad O LF. 64-lead TOFP [ATmegai281/2561)
~ 100-kead TOFP. 100-ball CBGA (ATmegabldly1280/2560)
- RoHSFully Green
* Temperature Hange
- -40°C 10 85°C Industrial
* Ultra-Low Power Consamption
- Active Mode: 1 MHz, 1.8V 500 pA
- Power-down Mode: 0.1 pAat 1 BV
* Speed Grade
- ATmegabd0V/ATmegai280V/ATmegat2B81V.
0-4MHz ¢ 1.8-55V.0-8MHz @ 27 -55V
- ATmega2560V/ATm. 561V
0-ZMHz & 1.8-55V.0-8MHz @ 27 -55V
- ATmegat40/ATmegai280/ATmegai281:
0-8MHz & 2.7-55V.0-16 MHz & 45 -5.5V
- ATmega2560/ATmega2561
0-16 MHz @ 4.5 -5.5V

8-bit AVR
Microcontroller
with
64K/128K/256K
Bytes In-System
Programmable
Flash

ATmega640/V

ATmega1280/V
ATmegai1281/V
ATmega2560/V
ATmega2561/V

Preliminary
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