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Research Title: Efficiency Improvement of 3-axis Computer Numerical Control (CNC) Machine
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ABSTRACT

The aim of this research is to improve 3-axis computer numerical control machine
(CNQ) for learning in the class. The change of 3 driving shafts (X, Y and Z axes) from lead
screw to ball screw is the first of improvement to obtain increase resolution and decrease
backlash. Second improvement is for changing from stepping motor to servo motor to
achieve high speed and low error. The motor drive and processing software are developed

for support new hardware.

Keywords : computer numerical control machine, ball screw, servo motor, driving shaft
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lulasneulnsatae$ (Microcontroller) Ao gunsaiuszIANansAsithfisIuT
Handunisvineunigg Maeludvesdues lneillassaiislndlAssiuasuiames As aelu
Uszneufonheiudeyauazlusunsy nuisUszuana miea1udi nitsuanna o
drulsgneumdnifinuauysailusivesiuies vilvdsuadnuazaiunsaiiozdou

TUsunsumuANnsyinuYagUnsalineg Adeusaiuiiiu dedenistiluussendly

Ul 2.13 JUnanIUBTR ET-EASY168 STAMP

ET-EASY168 STAMP Wuvesalulasnaulvsiaos.unszna AVRS wLEnd nedl
PNATBIVBIATRET 2cm x Scm Wit Fsrunavesauszanawiiusidedled 28 DIP 300 Tae
donltlulasmoulnsiaesnszga AVRS wos ATmegal68 vy ATMEL «Ju MCU Uszdtvesa lag
Fonld MCU Aiflsusrefdauuy 32 TQFP niounsassouueniidiueens Oscillator wag Reset
sull3seneluvede uonaniudrnelusiveindsldsiueled USB Bridee w89 FTDI lwes
FT232R \isldRnsedeansuuueynsudie RS232 fuasufiames PC imuynawesn USB Iilagnse

lvuesn ET-EASY168 STAMP \Juvesanaaewwuiadnfifisundeulusineas
fuguiisndudemsldrululasnoulnsianinsena AVRS agnauria3s tissusiFouats USB 210
wodn USB vouAsesnauiimes PC fudh USB votuadn ET-EASY168  STAMP faunsayn

AMsguluswnsy wag Download Code Ty MCU wiaynnisnaaaslaviud
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AaNURAYraUaIn

- \@enld MCU mszna AVRS Lo ATmega168 483 ATMEL Run A1siA 16.00 MHz

O dniawaudn Flash dusul@eulisunsy 16 Kbyte arlgniswaunlusunsy
KIUSTUU AVRISP w38 14 Kbyte  wleldniswauilusunsusiussuy Boot
Loader RS232
O 3 SRAM T991urua 1 Kbyte wag EEPROM ldauaunn 512 Byte
0 i1 GPIO Tgaudnuau 22 On
® Digital GPIO 971U 14 Ua
® Analog Input (ADC) aunAsaztdun 10 U 91u2U 8 Po4

- Waoutuusssuliassuun +5v0C ngldlaafuundsdne +5VDC/500mA  a7n
WosM USB uazannuwnasdng +5vDC a1nnngusnlanie wisu LED  Power Lang
ANULVDILNAITY

- $17993 External Reset uU RC Reset taz Switch Reset wiaungluvein

- dhdeldaumeauu Pin Header svegwa 2,56 mm (100 mi) wu1a 28 Pin (Fnu
ag 14 Pin) 58819 600 mil (1.5 cm) Swsenisinludeussendldau wazvens
2995 I/0 @1unsaleniu Project Board Way PCB lounUsyasalalnadie

- {idhste USB dmsuidousedeansiuneuiimes PC ru USB Bridge e FTDI Ty
sUnuvIesMsADanseynsy RS232 dmsuldudeasuas Download Code iy
MCU meluvssansallisosnisldnisiaulusunsuniunig Boot Loader

- I LED uansanuy lnasanu PB5 w89 AVR (Digital-13 w89 Arduino Project)

dwiuldilugunsalneasanisviauedieding

2.2.4 Wau3ad
\Hhnasiliduiduemeslaslulassnuiliuesndniaguves ETT §u ET-OPTO
DC MOTOR DRIVER 6-24V W121105usana@luy 19U 91uua lwas RFP50N06 wu1n 60 V / 50 A

U 4 67 Tun1sldau urmRsAuansgun 2.14
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g‘uﬁ 2.14 UHIATNAUIAT JU ET-OPTO DC MOTOR DRIVER 6-24V

A15197 2.1 N5as foyey1smauAy DC MOTOR

ENA/PWM DIR1 DIR2 STATUS DC MOTOR
0 X X SLOW STOP
1 0 0 SLOW STOP
1 0 1 ROTATE RIGHT
1 1 0 ROTATE LEFT
1 1 1 FAST STO[
N13Y1191UVDI299T

\ilo ENA = 0 agliaulaan1izues DIR 1 uag DIR 2 vl OPTO via 4 dlavieu Falal
fussiululudaliifunn Gate vosmpawa v 4 i vilvuoawaliviieu vewwesiaglinyunie
fmyuegfveneaLuy SLOW

e ENA = 1 @ DIR 1 uag DIR 2 = 0 Wi awildnuagmsvisnumieududeuluusn

o ENA = 1 @ DR 1 = 0 ,DIR 2 = 1 9zl OPTO §fi 1 fu 4 vhau dausafl 2
wae 3 livhanu dewalifiuseiuludaiion GATE ves Q1 uay Q4 vilfueaagi ON fnszudlua

991 Q1 WU DC MOTOR A3UAsT Q4 8305196 vinbiuenasuyuedn (anudy)




o ENA = 1 @ DIR 1 = 0,DIR 2 = 0 9291k OPTO §afi 2 fU 3 ¥a1u dausadi 1
way ¢ ldviau dawaliidussiuludaiinn GATE 909 Q2 ua Q3 ﬁﬂﬁmaaLWa@ﬁ ON finsgualva
911 Q2 #1 DC MOTOR AsU2457 Q3 aans1d vilviueinesvsudne (muidy)

o ENA = 1@WDIR 1 = 1 ,DIR 2 = 1 9291k OPTO §fi 3 U 4 va1u dausai 1
way 2liviay dealitiusaiuludadion GATE vee Q3 uaz Q4 v‘iﬂﬁmaaLWa@jﬁ ON fanseuai

i@kt DC MOTOR agasns1inviuil vivlvineinas STOP wuu FAST fie wgnviudl

9

8 7 A
10 2C
SN74HC08 560

4

1

6
5 1B
1 /741504 12 11
SN74HC08 14 1
2

SN74HCO08

gzﬂﬂ g
PC817

560 10

SN74HCO08

R
o [DIR2

L 4
g

pPC817 = =

@

ENA

1<

1N4148

1K 150
47K

V 47K 1N4148

s 470
== [
loonF
10K | |
SSK% : nE =

SW-L

+5v 47K 100K

10K

Control PWM

bwml»—\
o[~ ®

220uF

A
Al
220uF

=
1)
<]
=
o
)
3
L

H

[
<le
[

sUTl 2.15 29957ldn7uAn DC MOTOR shemiesueaLla

2.3 ding

ang (Screw) fo gunsaitiglunsulasmsiedouiiuuuiBapndunsindouiiuuuids
Euveun3sdidud Mindoufiveswnudaszetieton 3 unuseiu fe X, ¥ waz Z Tnsftuiadou
THusazunundeuiildagliueimes nevnlulueiosdidusazldansey 2 wuu Ao

- angun (Lead screw)

- UDRANg (Ball screw)
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angu ddeide Ao AAnuiaun nsgiinsdeadiusenindavgvestondudeiuums
ndg7 wilted Ao s1Afign ewdlvdymmuanutaifisvuluansdt Jslaimdnnisvendu
antuuild eetdnengnludimdnunng  wildsswhundeiuilenduile  waleiitliuesang

annsaunlvdaymvesansiilavionun udlisiaireudiees

Nut (moving part)

Acme thread lead screw

5UN 2.16 fagaangih

Uszinnuaduaaang

veaang umwandulldudseneunan 2 dw Ae wwannded (Shaft) waz saugniu
(Nut) Bsdidingniunan (Bal) Wushiuimdnuarasusadeaniu ifof Ao aunsondaniuai
foensle Tawuszneuteslidudou warlinnuulasmumu aunsauvsveaansliesndu 2
wilanane Ae

Ugadn3uuu3a (Rolled ball screw) w@nlnanissamateonundundes daunsondals

Aruasden vizormuAnieu (Lead Error) lussfuviluazazaranlumuninuen uagdiuou
pdsfiin Fodunn Ao Aduveuwaundererifendng uavdisvuondt veaangwiaiivans
dmunsdaindmielsifosnisanuiieanssgs Insazdsegnniiuazsdalimiiniy
yaan3LUULYs (Grounded or precision ball screw) wanlagnTwaIAYULTILE
(Case hardening) 1nidssnsds TasanunsamuaumadeslilimnuaziBonmueudonis 4
AaruRadisuiiinty  avedlutamils  warliasaumiloutunuuin  Vilinedmivaud

ABINTITANUALLBUAGN LU 1ATBY CNC / NC Uaghpsdananynase
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2
2
E
=
7]
ox

5UN 2.17 daeeaueaang



uni 3

N139NLUVLAZNITNINIUVDITSUU

3.1 1A59A3 190509 DUTNUSUUTIUsEANS AW
Tulassuillihifweshiuwmuaiuuewesiny 3 unuvedasoddudnaiuauns
umeaeuiawmes  wazsmaitundeugnildeusinaninluveaan; leslasasnswesssuy

Navuafanandluun 3.1

U 3.1 1A59a319lR85UN952UY

3.2 Adwaslinawmas uazloulfninas
Tulassnuillanduaimasauia 12 V 30 W lneiliaulanmasinm 1,000 Wad fs S8
Ingladueuse (Coupling) MmenaraAnndaduuiiotiundusnumaluuuueaans vu1a 10

Ul SreEiin 4 1y, WeTuwnuuesTougna 3 unu dwandugui 3.2 3.4
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UM 3.2 figueimasinu X

5UT 3.3 Agweinesinu Y
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JUN 3.4 AguemasiN Z

3.3 Arduindouuny
Tulassnuilldimduinfaunnunuuueaans duinlinisindeuiveiudazinuiiaing

avlduangeularilAnnuianaIafidosad

5UM 3.5 veadng
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5UN 3.6 spUUTINN 3 UNY

3.4 YAUKIAIUANTLUY
YAUKIAIUANTEUUNITY19UUTZNBUAY N15TUTeyav1nlusunsy CNC 310
AoUfiIAed PC Krunisnesavuiy iedsdaaalisululasroulnsaaesdudyainiiiun
Uszananalisunudygiaanoulannas waﬁiﬁduﬂué@@mﬁaéﬁmua@La‘ﬁu (Pulse  width
modulation, PWM) Tsifuuesaauiadusamadumeshueimedvyu svozvnsiilagnieunduse

ulAnmesuAIINUTEINaNaE BN AT AR wmINATee PC S8y

PULSE PULSE PWM

- DC- Target
B MICRO .
PC 4’©—>Controller » F-Bridge MOTOR ——»

ENCODER

A— B PHASE

1

UM 3.7 lnezunsumsianuvesidiweshwenes
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o

5UN 3.8 9aiousasudyaaain PC mgnasnusunes

q

o

5UN 3.9 9aeusiafudygiaaneulanmaiiay PC
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UM 3.10 LEII99TNITEUU

9
L]



uni 4

AINAABILLASHNANTINAG DY

4.1 MsnadaulsEAnnmuauaiadidud
Tulassnuideiilunisuiuusaussdnininvesaiasdidudniieguan daulunig

o

nadouUszansninvanasesiu lavinisnageunnusilun1sinnuveuase @ udnuiuuy

UszansnmudalaenisilSeuiisuanusilunisndeuiiuasn1sinduauveuasesdidudss ning
a4 dovy My o Y 4 do Y % = = A =

wsesdldlauiudsiumsesivinnisusu e TnsuaninsilSeuiisunalunisinfouiiuas

ANSARTUINUAIAITIN 4.1 Ay 4.2 AUAeU

a ~ = « ::1' 4 ac o
M99 4.1 ﬂ"liL‘UiEJ‘UW]EJ‘ULUaWIUﬂqﬁLﬁa@um“U@\‘iLﬂi@ﬂ‘fjl@usﬂ

i Vil Gund)
IYHLNILARDUT PR Tar—— — T ;
w3esilalausuls LATINUIVUTIE
kAW X 10cm. 30 2
kN Y 10cm. 30 2
kAW Z 10cm. 30 2
kU X-Y 10cm. 30 2
N X-Z 10cm. 30 2
N Y-Z 10cm. 30 2
A15197 4.2 nsilSeuiisunaiiun1sinTunuveesesdoud
Lo nanld Guad)
IBYTNINATUIU P AT IR y
e lliuulse LATINUI VU
kN X 5em. 30 3
NUY Sem. 30 3
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4.2 NAHIUNIINATUIY
IpvinisveseuinfusuielAzosdidudnusulss IneBuanesnuuuiueuifenis
Aatulusunsulednesa Fagunuiidenunluguiles uasvidunianisisvesunuielildd

1A (G code) kazananINISYNNUTBLEUNINIUN1ITNAaDIUdlATIUT

U 4.1 TUsunsu CNC

dlelduuudiasvesdunisnisimendniiureylnsalila3laniodeelugs
Tswnsu CNC &lieSeatminunulusunsuiildesnwuuly dWeluswnsu CNC Iadunanisis
yosnoninvzdsdryaaumueiliiulilasreulnsamesiioddvifduemostuindeunnusueasans
7 3 unu Tneflouldnmesaeensadeussesitaildanununaniiioudefudedyaanduan

FalulasmoulnsalansiaUsslIaNaR L ALIRSINUSLEEANANNIINATES PC AUlATUIIUAIUA LS

panwuuld
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lill-lli

|
\

=
(=
(="
—
='
o=
—
-]

JUN 4.2 manuiilaannnisesnuiuy

)



uni 5

unagy

lasen33deilidunsusul sy ansnimaieadidudnldlunisseunisaeusgluagiu

5 &

Falsimsiasumarduanadivuewesiluifigeslwemes uazdduindauwnuainanginduy

[
a1 =

veaang JeilianusilunisinnuvsaesesdaudnusululmgaulaganusaUiouiiay

fupIoedidudneudsuugalanemnsed 5.1

a = ~ A A& A Y] )
A131991 5.1 NSIUSEUYBULATDELEUTNDULAE AU UUT

A3 (Radlunssoaunil)
° o a & A o o A& Aad o P
N9 LAIDITLIUTNDUUTUUTS LAIDIPLOUFNUTUUTIUA
ASLARBUN ULAAZLLNY 200 3,000
ANSNATUNUYTZLANBEATAN 100 1,000

dnsulgmanvlunisilessnuideiilulgmiainssuunalnludiuaesszuuidouse
(Coupling) @slasansilldwanafnndeugulifiganeu vilrununawazunuueweslilamudiing
sonsdsmadludanunailialranandalinm wwmwilvdmiunsalife wWasuseuy
= & A %9 YuUYo g va e 1 9 a4 ad o 2o & o
WousaidunuuaUseslvsmlainlilinutiangu 31nn1susulsesosddudlulasinisided vi
Tanunsathwumaluusulsunsasmeluiesdfuinisladniunisseunisaeulunianisdne

sald
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UIFIUIUNIY

suzAng lavignssa uazanss. “nstuindeudduemes wuu 4 redauasuilagldivialuan
mivaurwtlilasraulnsaees” Ysyadnusimnssuamanstiuda a1v3minssuli,
antumaluladnszasuinaninnuvmsainnseds, 2548

Usgius Ana. “niseanuuunmainstauarnensiianiimdanumuindusiuuuaielele
AAN” INYILNUSIAINTTUANFASUMUUNAR F19713FINTSUINTANUIAY, dn1UnAlulagnse
FDUNTNIIAUNINTAANTETY, 2551

S.-H. Suh, J.-J Lee and S.-K. Kim, “Multiaxis Maching with Additional-Axis NC system:
theory and development” Int. J Adv Manuf Technol, Springer-Verlag, London, pp.
865-875, 1998.

. Zeid, CAD/CAM theory and practice, McGraw-Hill, 1990.



AAKUIN N
Wsunsumruauaslinamaslunsiazuny

Tsunsuprunuwaslwamasdmiuunu X

#define encoderOPinA 2
#define encoderOPinB 4

#define encoder1PinA 3
#define encoder1PinB 5

#define SpeedPin 6
#define DirectionPinCW 7
#define DirectionPinCCW 8

volatile long encoderOPos = 0;
volatile long encoder1Pos = 0;

long target = 0;

float KP = 2.5 ;
float Kl = .25;
float KD = 1.5;

int lastError = 0;
int sumError = 0;

int iMax = 100;
int iMin = 0;

long previousTarget = 0;
long previousMillis = 0;
long interval = 5;

void setup() {

pinMode(encoderQPinA, INPUT);
pinMode(encoder0PinB, INPUT);

pinMode(encoder1PinA, INPUT);
pinMode(encoder1PinB, INPUT);

pinMode(DirectionPinCW, OUTPUT);
pinMode(DirectionPinCCW, OUTPUT);
pinMode(SpeedPin, OUTPUT);

attachinterrupt(0, doEncoderMotor0, CHANGE);
attachinterrupt(1, doEncoderMotorl, CHANGE);

Serial.begin (19200);
Serial.printin("start");
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void loop()f

if (millis() - previousTarget > 1000)
{
Serial.print ( encoder0Pos );
Serial.print (", ");
Serial.println ( encoder1Pos )

previousTarget = millis();
}

target = encoderlPos;
docalc();

}
void docalc() {

if (millis() - previousMillis > interval)

{

previousMillis = millis();
long error = encoderOPos - target ;
long ms = KP * error + KD * (error - lastError) +KI * (sumError);

lastError = error;
sumeError += error;

if(sumError > iMax) {
sumeError = iMax;

} else if(sumError < iMin){
sumeError = iMin;

}

iftlms > 01
digitalWrite ( DirectionPinCW ,HIGH );
digitalWrite ( DirectionPinCCW ,LOW );
}
iflms < 01
digitalWrite ( DirectionPinCW , LOW );
digitalWrite ( DirectionPinCCW ,HIGH );
ms = -1 * ms;

}
int motorSpeed = map(ms,0,1024,15,255);

analogWrite ( SpeedPin, motorSpeed );
}
}

void doEncoderMotor0(){
if (digitalRead(encoderOPinA) == HIGH) {
if (digitalRead(encoder0PinB) == HIGH) {

encoderOPos = encoderOPos - 1;

}
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else {
encoderOPos = encoderOPos + 1;
}
}
else
{
if (digitalRead(encoder0PinB) == LOW) {

encoderOPos = encoderOPos + 1;
}
else {
encoderOPos = encoderOPos - 1;
}
}
}

void doEncoderMotor1()

{
if (digitalRead(encoder1PinB) == HIGH) {

if (digitalRead(encoder1PinA) == LOW) {
encoderlPos = encoderlPos + 1;

else
{
encoderlPos = encoderlPos - 1;
}
}
else {
if (digitalRead(encoder1PinA) == LOW) {
encoderlPos = encoderlPos - 1;
}
else {
encoderlPos = encoderlPos + 1;
}
}
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Tsunsumrunuwaslwamasdmsuunu Y

#define encoderOPinA 2
#define encoderOPinB 4

#define encoder1PinA 3
#define encoder1PinB 5

#define SpeedPin 6
#define DirectionPinCW 7
#define DirectionPinCCW 8

volatile long encoderOPos = 0;
volatile long encoder1Pos = 0;

long target = 0;

float KP = 3.4 ;
float Kl = .25;
float KD = 1.5;

int lastError = 0;
int sumError = 0;

int iMax = 100;
int iMin = 0;

long previousTarget = 0;
long previousMillis = 0;
long interval = 5;

void setup() {

pinMode(encoder0PinA, INPUT);
pinMode(encoder0PinB, INPUT);

pinMode(encoder1PinA, INPUT);
pinMode(encoder1PinB, INPUT);

pinMode(DirectionPinCW, OUTPUT);
pinMode(DirectionPinCCW, OUTPUT);
pinMode(SpeedPin, OUTPUT);

attachinterrupt(0, doEncoderMotor0, CHANGE);
attachinterrupt(1, doEncoderMotorl, CHANGE);

Serial.begin (19200);
Serial.println("start");

}
void loop()f

if (millis() - previousTarget > 1000)
{
Serial.print ( encoderOPos );
Serial.print (", " );
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Serial.println ( encoder1Pos )
previousTarget = millis();

}

target = encoderlPos;
docalc();

}
void docalc() {

if (millis() - previousMillis > interval)

{

previousMillis = millis();
long error = encoderOPos - target ;
long ms = KP * error + KD * (error - lastError) +KI * (sumError);

lastError = error;
sumeError += error;

if(sumError > iMax) {
sumeError = iMax;

} else if(sumError < iMin){
sumeError = iMin;

}

iflms > 0
digitalWrite ( DirectionPinCW ,HIGH );
digitalWwrite ( DirectionPinCCW ,LOW );
}
iflms < OX
digitalWrite ( DirectionPinCW , LOW );
digitalWwrite ( DirectionPinCCW ,HIGH );
ms = -1 * ms;

}
int motorSpeed = map(ms,0,1024,30,255);

analogWrite ( SpeedPin, motorSpeed );
}
}

void doEncoderMotor0(){
if (digitalRead(encoderOPinA) == HIGH) {
if (digitalRead(encoderOPinB) == HIGH) {

encoderOPos = encoderOPos - 1;
}
else {
encoderOPos = encoderOPos + 1;
}
}
else

{
if (digitalRead(encoder0PinB) == LOW) {
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encoderOPos = encoderOPos + 1;

}
else {
encoderOPos = encoderOPos - 1;
}
}
}

void doEncoderMotor1()
if (digitalRead(encoder1PinB) == HIGH) {

if (digitalRead(encoder1PinA) == LOW) {
encoderlPos = encoderlPos + 1;

else
{
encoderlPos = encoderlPos - 1;
}
}

else {

if (digitalRead(encoder1PinA) == LOW) {
encoderlPos = encoderlPos - 1;
}
else {
encoderlPos = encoderlPos + 1;
}
}
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#define encoderOPinA 2
#define encoderOPinB 4

#define encoder1PinA 3
#define encoder1PinB 5

#define SpeedPin 6
#define DirectionPinCW 7
#define DirectionPinCCW 8

volatile long encoderOPos = 0;
volatile long encoder1Pos = 0;

long target = 0;

float KP = 11.9;
float Kl = .25;
float KD = 1.5;

int lastError = 0;
int sumError = 0;

int iMax = 100;
int iMin = 0;

long previousTarget = 0;

long previousMillis = 0;
long interval = 5;

void setup() {

pinMode(encoderQPinA, INPUT);
pinMode(encoder0PinB, INPUT);

pinMode(encoder1PinA, INPUT);
pinMode(encoder1PinB, INPUT);

pinMode(DirectionPinCW, OUTPUT);
pinMode(DirectionPinCCW, OUTPUT);
pinMode(SpeedPin, OUTPUT);

attachinterrupt(0, doEncoderMotor0, CHANGE);
attachinterrupt(1, doEncoderMotorl, CHANGE);

Serial.begin (19200);
Serial.printin("start");

}
void loop()f
if (millis() - previousTarget > 1000)

{

Serial.print ( encoderOPos )
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Serial.print (", ");
Serial.println ( encoder1Pos )

previousTarget = millis();
}

target = encoderlPos;
docalc();

}
void docalc() {

if (millis() - previousMillis > interval)

{

previousMillis = millis();
long error = encoderOPos - target ;
long ms = KP * error + KD * (error - lastError) +KI * (sumError);

lastError = error;
sumeError += error;

if(sumError > iMax) {
sumeError = iMax;

} else if(sumError < iMin){
sumeError = iMin;

}

iflms > 01
digitalWrite ( DirectionPinCW ,HIGH );
digitalWrite ( DirectionPinCCW ,LOW );
}
iflms < OX
digitalWrite ( DirectionPinCW , LOW );
digitalWrite ( DirectionPinCCW ,HIGH );
ms = -1 * ms;

}
int motorSpeed = map(ms,0,1024,80,255);

analogWrite ( SpeedPin, motorSpeed );
}
}

void doEncoderMotor0(){
if (digitalRead(encoderOPinA) == HIGH) {
if (digitalRead(encoderOPinB) == HIGH) {

encoderOPos = encoderOPos - 1;
}
else {
encoderOPos = encoderOPos + 1;
}
}

else
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{
if (digitalRead(encoder0PinB) == LOW) {

encoderOPos = encoderOPos + 1;
}
else {
encoderOPos = encoderOPos - 1;
}
}
}

void doEncoderMotor1()
if (digitalRead(encoder1PinB) == HIGH) {

if (digitalRead(encoder1PinA) == LOW) {
encoderlPos = encoderlPos + 1;

else
{
encoderlPos = encoderlPos - 1;
}
}

else {

if (digitalRead(encoder1PinA) == LOW) {
encoderlPos = encoderlPos - 1;

}

else {
encoderlPos = encoderlPos + 1;

}

}
}
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1. %o - uwana uig mnang welam
2. yhonuuazanuilo
A1UIIMINTIUNTIALAEAIUAN ANNEIAINTINAIERNT anTumalulagnszauinanad
AN A1ANTEUY LIRaIaNseda NN 10520
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- Sy MIANSSUAEATUNIUNAR (IA.LL.) @013 FAINTTUTEUUAIUAL
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- USgaynirnssueansiudia (3a.u.) @191397 Aenssulii
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4. Uszaumsalmiddeiiendes
niAduitaul
- nsUssgnAldnu Bidnvsedndrias
- SEUUAIUAY
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3. Usgiinisfinen
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