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ABSTRACT

. This thesis presents the design of an automatic charcoal grinder. Control
operation with Arduino (Arduino) serves to control the mechanism of operation and
processing. The machine will consist of parts of The input of the device has a keypad.
and load cell sensor In the output section there will be AC 220 volt electric motor for
driving the charcoal grinder. 12 Volt DC electric motor to use as a charcoal stirrer. water
and starch solenoid valve for releasing water and an AC valve motor for discharging
charcoal, water and starch into the stirring tank. The device has two modes of
operation: 1. Auto mode and 2. Manual mode, in which the automatic mode will work
by pressing the desired amount of charcoal through the keypad. then the machine will
work After the machine has finished working, there will be a notification that the buzzer
will sound. In manual mode, it works by pressing a number key on the keypad to
enable the numbered output device to work. And can press the same button again to
order it to stop working and can also press the A button on the keypad to display the

weight of the crushed charcoal. and the weight of water and tapioca starch

From the experiment it can be concluded that the operation in manual control
mode can work normally. Measuring the weight of the machine can work normally.
But the average error value is 0.874 percent. In the experiment of working in automatic
mode. The experiments can be carried out from 1 kg to 3 kg with an average error of
9.637 percent. The machine can release water and starch into the stirring tank while

stirring.



a A

ANNIINUTENA

ﬂ%@@ﬂﬁwuéaﬁuﬁiﬁﬁauL’%ﬂqmmilﬁ'm%’aﬁum%wmmué’miuﬁaﬁwL%ﬁ]qa"mléf
Huathed shemutiemde waynmsatuayuainyanavats viu daidouveveunmnn
yhudsielud

vovounsEAn A13A1 uazasounda T nosousudany (Assquarlinig
alvayunsinwraensulimatlaaueinaonaudnsanisiinm

Y9UDUNTTAM 171T08n3 Aan ATunana e1a38AUTwUT gy inus T sk
fuuzieng 9 sunadedewissdlowndeddlumsilasiny uwagfnnund safulase
naemn flsuiAnsutidunuiunnveaiu Jwenmuveunseannduogiige

YoUUNTYAMNTETAINYN 9 Y Araraielalduuziinestisimaoiauen
lagnaen

%amauqmﬁ'@] e NN 9 AU ﬁﬂaasdaEJmﬁamiﬁﬂmamu%uﬁjﬁmﬁwL%ﬁlqmalﬂlé’
mgh

Y

1 v = A Ty a s U dy ‘a | Y 1
AEUA" LLazUi%IEJ‘UUQUWQlI"\]']ﬂUiZUUQJI’]‘UWUﬁQUUu NIYVDUDULANNNISAUYIANTU

i g8an duadan
Lon3g YanYa



%N

UV R DA IV oo eeeeeees e e e ss e eee e ss s e eesesssssseseeeeesesessseeeeeseeesseees |
UNARTDD TG VTING Wi I
B N TTUUTEN .o s e s e e s eese s seees If
BINTUR e oo \¥%
AT IT N oo i
BTTUDYTUN M .oeeeeeecceeimseassese e esssssssssssse s e vl
UTITE L UTIE oo 1
1.1 AU AE AN AN A QYUDIT I oo 1

1.2 AYIUALIRAETAUITEENR oot 1

1.3 AUY AT IUUBINITANG et ssse s 1

L seetgogeesi o N L0 \ Lo e S AN s 1

1.5 U T B S UR I MITITE oo 1

1.6 SUMDULAYIRANSTUTULIIL, oo 2
RO R TTETaT T gy AV N wmw e s SO S S WP . SO 3

undi 2 mqwﬁﬁlﬁmsﬁaa ....................................................................................................................... q
2.1 WlASABUNTAABTONNMUING 2560....rcvvrreerrseerserrsiernssmiressesssessssssse e 4

2.1.1 AaiandRvedlilasnoulnsalaesegluiing 2560. . . 4

2.2 L1DUADT IHT UNTEUBERU v eeeess s s esessseeeeeees s eseesseeeeeee 5

2.2.1 AENAITYINTUVDIUOLADT 1 LB oo eeses e 5

2.2.2 Busndunewmes 1 wa (nduction motor 1 Phase) oo 5

2.2.3 WAUOIBUNNTUNOUADT L W 6

2.3 UBLADT T INTEMARTI. oo eeees e seeeseseeeeeseee seeeeeeseeesseeeeeeeseeeeeens 8

2.3.1 ENASYINIUVDILDLADS NTNATEUERTI (DC MOTOD. oo 8

232 ﬁaazlﬁamﬁugm‘uamama% ...................................................................... 8

2.4 1HARAONILAY (SOUA State RELay).......ooovoovvooveoeeeeeeoooeeeeceeeesee oo 9

2.4.1 M3NNULaLlASIES 1908 UV LGRAGANTAG oo 9

2.0.2 ATUNGAAEAN TG FULTINU oo 9

2.0.3 USEANTRAVDILGARAGATITAD oo seeeesessees e 10



#15U8y(da)

win

2.8.6 34N TARAAVEIAgNUSAYALVBINT EIOTL..errrer 11

2.5 BB 12
2.5.1 AQSNYUBUDUTDE ..o e 12

2.5.2 DTHIORTINIINOTDL oo 12
2.6 T oo eeeeeseeseennne 13
2.6.1 @UUTENDUEIRQYVDITEAD oo 14

2.6.2 QARBLHITUYBITUAL ..o 14

2.6.3 m3muunsinuvesgunsallniiieusiniiag 8 Yesdyao. .14

2.7 AN IDSTNINANE oot 15
2.7.1 NANMSVIUVOIEIATUNUIDSTNNANY oo 15

2.7.2 ADULIDIINDT (CONVETLON.oovveeeeeeeeeeoeeeceeeese oo seeseeeeeeee 16

2 MBI ¥ e Bd ANPDER - AWPSWA W con B A | W— 16
R EITG s — I B2 N A 2 —— T =T 1 W 16
2.9.1 NANAIIVINIIUYDTHAUBYATI Ve eeseeee s 17

2.9.2 MSAUANNIITINNUTDNAUDEANAIATA-URA 3 TEUY.ovvrrerrenen 17

UNT| 3 A1TDDNMUURAZATIAIUNTT oo 18
3.1 UADN AR LUATULAAINANNITHIMUIRGT I oo eeeeeeenenneseesees 18
3.1.1 AUVBIUABIDI LN s 18

3.1.2 EIUVBIBUNG (INPUL).ooeeerreiiinmiineiaeirer s ssssseesseessssseesesessssssnens 19

3.1.3 AVUYBUDIANA (OULPUL)..orreverrsevvvrsmirnresnernssssessssssesessssssssssseseeens 19

3.1.4 @uveslulasasulniaiass (Microcontrollen..........ereereeeeeee. 19

3.2 NS HOUADVDTTATADUIITADS oo 19
3.3 M ITHDIIDT oo 20
X T RN Y Y 22
301 TUATALUIIR oo s 22

3.4.2 WUAAIUANMIEH VT B IVUALLEIAUALDY ..o 24

R LR LRI oTE o I 25

3.5.1 FLAZOIUABIUSIIUITR e 25

3.5. 1.1 WOV 26



#15U8y(da)

%N
3.5 1.2 BIUUT L 26
3.5.1.3 QIWARIE N oo 27
3.5.1.8 §INIUALUIGT .o 27
3.5.1.5 HINAURIET YWATUIT oo 28
352 B AURD U e e e s 28
3.5.3 MABIATUR . rerrvvvieeenrnrsreeseesssesssssssssssssssss s ssssssissssssssssss s 29
3.6 MTATUIUAVTHEITOU oo eeeeeeeeeee e eee e ee e e e seeeeseeeeeeeseeseseesesssee 30
UNTE & ANTTIAROIRAZNANTIVINED oo 32
0.1 ASNAADUYULYDTIAARUGRR oo evveeererereeeereeeeeeeeeseseeeeeeeeeeeesssessseseeeesesssessseeseneeens 32
4P f3vVnaosuRgnT 2 R L A WAL T NN 34
4.3 msmaaqmmwémmmzhuﬁumlé’ ....................................................................... 35
4.4 MMeaeIN1TIENUnIAAIUANAIEToTO MU AR YA UALDL. .o 37
4.5 ANSNAADIIITUIIAUATATUIIB. ..o eseee e seesesee s ss e 38
UNT 5 UNATULBZTBUAUBIUL ettt 41
bY SFPUnanagEel).... Ro- - o WA ONCT e (@ e a1
5.1.1 ASNAADUYULTDTIAAAGRR . oeeeeeeereeeeeeeeeeeeererseseeeses s eeseseseeseeeeene a1
B2 iRy UGl e S (Y2 F e O, 41
5.1.3 m31/1maaammuﬂ%mmmmuﬁwlﬁ ..................................................... 41
5.1.4 minaaaenslidnulruemuaumeieonsalnunglifimunies...... ... 41
5.1.5 NMSNAADHINULUIAUADTALUIIB ..o a1
5.2 VU MBERURATI e 42
5. B TTUA LT e eeeeee e s e es e eeseeeenne 42
Bl FBURUDUUL oo eeeeeeeeeeseeeeeseeseeeeseeeeseeeeeeeseseeeeeessesseseesees e eesesseseeeeesseeeeeseeseees 43
LD ATATTO NI oo eeeeeeee e eeseeese e eese e ses e s e ee e eee e eseee e e seeeeeeeeeeeeee e eseee a4
AVANUIN N TUTIITUATURL oo 45
ANAKRUIN U AHDNITIIIM. e 60
AARUIN A AHENTITINUGUNTUDATASNEED)....oc oo snneee 65
UTETARIDE Ui e 91

Vi



A13UA1579

A15199 i)

1.1 TUADULALITNITANTUITUATAETIUN Levrreeoeeeeeeeeeeeeeee oo 2
1.2 PUADULALITNITATUITUNVALTIUIN 2o 2
3.1 A5 19LEASUSUNUAN LN NNV 9EIUNEUA DU NUDINID I ULAASALANT U oo, 24

3.2 ANTNUAAIMINEAYUUASUNAYTE TN ANG

......................................................................... 25
4.1 AIINAADIIULDTIARALTDE ..ot oo 32
4.2 ITURinHaNINARDINITIAABIAUANUTINAHIE WAL . 35
4.3 NM13198IN5ITNUNAAIUANAIL LD VT BIVUATIVUABIR LY. ..o 37
4.4 prsretuTinnaamtnve e uAlE A H N LIRS 39
8.5 P51 TUT NNAN TV YOI TN TUBIATOL oot 39
7.1 MITUAAINNTYUYRIE A Ua AT UL MUAAIUANK AT D o 64

Vil



SUT vl
2.1 UBFADNALUING 2560-...crrreerrreerrsnerrsmenssesssssessssesssssssssssssssssssssssesssesesssessseses e 4
2.2 URA IO LUIDUIDT oo eeeeeeeseeeeees s eeseeseeee e eseeseeeseeeesseeeeeeeessseseeseeereseeeees 5
DB U UL DS e 6
2.0 NGOG UDTHURTIIEUDUNDT oo eeeeseeeeseessseseesesseseeeeeessseeeeseesseeseeeseees 6
2.5 NG UDIATUNTLNDTHBLRIDS coovvveeeeeeeeeeeeseeeee e sesseeeeseesseseesessesssseeesesseeeeeeesesseeeeeeees 6
2.6 AN UBUBTINATULIOUNDT oo 7
2.7 ANYUEUYDI T IDTUGALOIDT oo vrreeresesresssse s e 7
2.8 AN YEUEUD T AAALINALBERDS oo s neseeseesseeesessesesseseeeeenenee 7
2.9 TATIAS 19U DIU DD T LT TN TEUBRTI. oo seeseee oo ses e eeee e 8
2.10 AN UOIUOIRRAAVITIAY ..o 9
2.11 1RSI 19N 18 UDI G RNEURATITURD oo eeeeess e seseesesesesseeeeeseesesesesseeesseeees 9
2.12 1395A7UAN 18T NISATUANNE (Phase CONTOL) ....vviwerrieerrssnersssesrneeersesnnenes 10
2.13 ToanAAAATARARIULENTS (HEAT SINK).. oo 10
2.14 Tednansiaduuy 1 e wuungalFemsialu o 10
2.15 TRRAAARTIAEUUU 3 WA BIOHIT. oot 11
2.16 PAUFYUTIIPADATINGET 180 BIFNAZ 360 BIF Yoo 11
2,17 L DIV ULAZINBIR T oo e eeses e eeeee s e eeseesseeeeeees e eeseee e 12
2.18 AN AT N UDITUAY oo 13
2.19 LAASANYAUYNTIIITU DT T IUBTTURD oo 14
2.20 UDFATLAE 8 UOIHEYTY M M. oo eeeeesseee e 14
AN LN A L L s T 15
2.22 D9AUTENOUUDIETATAIWIDSTINNANE oo 15

Vil



#15Ugy3U(sa)

SUT vl
2,23 AVSAARIITAROIIAG oo 16
2.20. THAUDYAVIAIFVTINDIIRDT 2/ 21 eseesseeeseeeeseseeeeessssseeseesessseeseeseseeens 17
3. 1UBON DTN TUYD AT DIURTTUSFLUITR e 18
3.0 NSRBI AT AU TS e 20
B3 1 TS DU D I00T .o 22
3.4 UNUAINSUYNASEIUAE U AU LU IS AU o 23
35 G IS BIURTIUSILUIIR oo 25
3.6 dogdlgtie.. W penl IRV [l \ M A W e AN 26
A T AT T e T 26
I V) QTR R M IR 1/ . AT SN il ———ers 1 ¥ i 5 1 27
3.9 fdutaunsudlatpl ), \GEEnuEnPp | © Gl S I 27
3,10 NN BT e e 28
3.11 AU L. ST L D NN (ST Y ot O, 28
31D BB LTI oot 29
3.13 NABIATUA....... g A DL B TV L2 et 29
310 YATAARIDYTURIUATON oo 30
3.15 ama%ﬁ&ﬂ&”’qagjuuﬁuﬂ%q ..................................................................................................... 31
4.1 AINLEAINITNA R DIYULYDT LARPTRE .verooeeeeeeeeeeseeeeeeeeeeseeeseeeeseeeeeeeeessessseeesesseseeeeesseeeee 33
4.2 giJLLammmuﬁumlﬁiuLLGiam%ga .............................................................................................. 34
4.3 USnaInsauTiuale BIonaEon 1 ATaNT oo 35
4.6 USnansa 1uTiuale BIonadon 2 ATanTH oo 35
4.5 USHN0UHRE UTUALS EONAEON 3 ATANTU oo 36



#15Ugy3U(sa)

SUT vl
4.6 US1NaINSaUTiuale BonaEon & ATaNSU oo 36
4.7 U100kt uTUa s lonmEon 5 ATANSU e 36
0.8 FAB8 1M TI YOI VINAYDITUATON . 37
4.9 AW Tuan 990U TAVBTHUAATUANFABTO. ... 38
4.10 wagWileannn15919 110 A3 o UTALASATUITR oo 39
4.11 uewnes N syuansfisnIu LaYFIUEeEIN YIS e 39
R R 10 O e 1ok TR 63
0.2 DN U T BINT.. oo 63
2.3 VN90UOATARAPIANEWIEINATINNNAUL A. oot 64



<
unnl
o
UNUI
luunilaznandsmnuduniuazarudAgvesdyni 90y g auyfigiu waz

noUszasrvadlassnu Yaunn1sny Uselewuilasuainn1svinlasauesesunaiu
SRlULR TUnaULaEIsNIIALEUNY PuislATIUUTYIEnuS

1.1 anuduauazarudifyvesdgm

Hagduiimammdsnunaunuii otsnldusslovilususng 98numanlulan
welulad uiidemadmnludsandlvedndng arldnannswnaslivaznzaiusnin
fdeldanvntiu nquvesiduisdavinaiosuadusnluiit uunfierisannisliuseny
IINNTUAIIUVDIITIUAL LT I8 TUTEHEIATIUNTIINY

1.2 Aaugananenazinguszaed
1. WieRnwpsosunausluda
2. Wiefnwvdavesnduildun
3. leAnwrdnveuowes
4. \ileUszAudinTosuntudnlu

1.3 #uyAgIuYaINTANEI

\3esunnudalul@ muaufsussa Arduino Mega 2560 uariiwuiwes viins 9
W Tnanwad i finesiaumin uasivewmesiivtilunisundiutas Swiinou
ATUNFNA

1.4 YDULYAVBINISANE

1. dasanusaunaudunsle
. Lﬂ'%'aqam'ﬁamuquﬂ%mmmmuﬁé’mmﬂéf
_ansodenySunamstnusaus 1alansu fe 5alandy Tnewiuadaas 17Tans
 pdnnsunasesanunsalautiaiunaziradudinuldlaesnlu
. \AdpsanunsamuRaNRstuiuasuutlsuazilg
_annsadmusdadiuvesiuasudaiuldaednun Aolnundnlusfasuuudld

N U BAWLWN

ANUALDY
7. 1A30sEunsaLdaiaulaloniudIuNaLIATILAY

1.5 Uszlenlasuainnisive
1. ldFeudiEnsvhenu



2. lganudannmsvinaseundiu
3. gunsadasesunausaludRluldnulagse
4. lesuanusuasiinnudilalunisunledymsing  Mavulunisiilasny

1.6 YUADULATITNITAITUIY
YUADUBALITNNTANBLUIIUVDLATDIUADIUD AL UL ATV

'
va A Vo o

Y
a

TonauwnulinUsoantdu

2 92slng) Asunun1satdunulunaseud 1 uwunsadunuluniaseud 2 Felauan

$A9518a2 DA NTUANSIN 1.1 WATAISIN 1.2

A15199 1.1 TURDUKLALITNITABLUINUNIALSEUN 1

seazIaA iU
Fumeunsiniiueny Nugey | Aatay | weAdInigu | SulnAw
1. Anvelasssuiiaue < >
2 AnwdayauuIninsideu
TUSUNTULALUANNTUIUVD .
Tasanu gunsaiildlunisii I
1AT99U
3 $pvilassadreeaniaaadoiu < >
4 FnrainTesuntiuLazones 3! g
5 NAADUNNTYIIUTBLASBIUAGIY < >
AN5199 1.2 FumounazisnisAdununnaSoui2
sTazlIaa iU
FumaunsAduIY UNTIAYN | NUAT | AR | WEIEe | wenIAw
WUs

YIMUYBRATBIUALULS

a & A
LidgulUsunsuiionazaiuaunis |

\4

2.4A39IENNNTOAIVANUTUIUYDING
aunuale

\ 4

3. Apvdaniunsoudinuasaduy

4.,A309a11150 @ was L deriualu
fdanula

5.1’]@6@@Lﬂ%@\‘iLLﬁ%LﬁUNaﬂ’ﬁ%@ﬁB\‘]

v




1.7 TaseadeUsgyayriinug

¥
s 1

Usayerfinusaduiluvseonidu 5 un uravunusenoulumedlemasmaludl

a{' o dy 1 = [~ o [ [ I

undi 1 unmid unilaznande anuduuuazaudidgvesdyn Tngussasa

YAULINVDINITANBIUTLIOVUBAEHAN AN AU TUADUNITAIEUIIUY waslATIESS
USeyaiinus

UNN2 Nqu M eIves unilagnandfe AU UewWuYaINITHEANITUARIU kaY
gunsaling qildlunisvinasesunaiu

UNT3 N159DNLUULAS 99UADUSALUITA Feludanlaozunsy WAUEINITIN9IUYD4
fLAT99 N5 BUMDYRIULATABULYTALADS N1SMBIIDT LASIAS19UDIAUATT NNSAIUIN
ANUEITOU

a dy ! =< dl' ! (% va = o
Unid luuniagna1iiin1snaaeuasHan1snAaeIrasATeIUAa SRR ains
VAABIVDLIUYDTINAALLAT N1TVARBIUATIU NITNARBIAIUANUTINUNIEUAUALY N3
naaesvailnuaIuANMIElaviTelvuaildi U kaznsnnuredundnluiR

unii 5 luuntlagnanifs asunanisneass Jyniuazauassn 38n1sudly was
TDLAUBLUTYBINITHATOIUATIUTALUIA



Tuunifgnamdmguifiisdenieiulasnuedesundwdaludite nuid
Aenfululasaoulnsaiaeionqlulung 2560 nauwijilAsitesdunemeslniiinssuaadu
ngufiietestuneweilwiiinssuanss nquiiinetestulednameiiad nouiifeades
fuiles nuiieatesiutiad nquifisitesiuaindunineddwnats nouiiieides
fulvanead nquiiiiedesiuleduesdng

2.1 lulaspaulnsaaasangliiung 2560

vainoglilung (Arduino Mega 2560) [1] Apuasafiaglungy Atmega 2560 1Ty
lulasmoulnsaiaesndn azvhauiiniwd 16 wnnzidded msldeoudondvans USB Tavaz
4TUsunsuenglu 1o# (Arduino IDE) Weuldalunsmuaunisyinuuansssgud 2.1

TWI (12€)

Responsible for
USB communication PWM Outputs

Serial
Communications

USB Connector
Digital
Fuse for Inputs/Outputs

USB protection

Regulator 5V

SOURCE
ATV, L YR C b
7to12v : LR ERY | 2333323

Power Pins Analog Inputs Reset button

Regulator 3.3V

Ul 2.1 vasaegluitung 2560
(#n1: http://www.lungmaker.com/arduino-mega-2560)

2.1.1 aautfvaslulasaaulnsamasaglilung 2560
1. 97 pin 6139
- 91 VIN 1{unndunmvesvain
- 5V ifunfiusedulil 5 Taad Wuviendms
-1 3v3 Wuniifiussiulal 3.3 1ad Winszuagean 50 4ad

wawd

- 91 GND tJuvnsna

~ 9 joref Wuniiliusatuluifiululasreulnsaiaes ewdandn
WS shield 7iun  WWeufuuesn

- ussiulniinBunail wea(Source) 7-12 Taad


http://www.lungmaker.com/arduino-mega-2560

[%

- 971919 54 1uuvese aunsnilulavidunawaziondng awvinaui
396U 5had nszuaasan 40 Taduend anunsoudyaunineavseeloudynunines
21 0 @8 Rxikaz 91 1 9190 Tx A995ULazaad Uarts (Universal Asynchronous Receiver

Transmitter)
2. RUIYAIUIN

- duea1udn 256 Alalud wenainildadl 8 Alalud dmsu
SRAM Uag 4 Alalud @ msu EEPROM anudidyanauniing 16 wneidsnd

2.2 uainasninszLaaay

wowedlWinsyuaadu (Alternating Current Motor) [2] Sendneghanilainueines
Iylithatindenth (induction Motor) wetmeslnihwiindenth dnsnnasmyusamising
veriafansaasunlasenuialy veweseiadenid it dunomesuin 1 wia
(Single Phase) wazwilaiidunewnas 3 wia (Three Phase) luuniagnanifiaweineslii
Nszuaaay 1@ (AC Single Phase)

2.2.1 RANN1SI9IUVBINBLABS 1 L4

M51199a7R UL aLADS92719UAa 1AM U BeavUszneudieunainanisy

(Starting Winding) fifiuasafe S1 wazUaisasudas S2 uazanainsu (Running Winding)
fifunedfe RluazUaunoUaAD R2 wansfsgui 2.2

Ul 2.2 wnanlusiewmes
(W: https://anyflip.com/(znol/wwjn/basic)

2.2.2 duandusatmas 1 wa (Induction motor 1 Phase)
= o = | = I3 a4 aa =
wionowaslinnszuaadunidana druuinazdaundn nienFenindu
wiwdueansn Tasdrunnazlilunuinluniorn3esusaudsnIneaIee) kaaduun
neAsus 20 wsahvulasinislilunuiilewanizegauriniulansiagun 2.3


https://anyflip.com/lznol/wwjn/basic

JUN 2.3 Busnduseines

(i https://anyflip.com/lznol/wwjn/basic)

2.2.3 ¥finvasdusndusened 1 W
1. aUdnianetnes (split phase motor) uatnestuinszualniraduiia
waieuuvaUanlauemestivunLsEhuIadLd 1/4 useh, 1/3 usain,1/2 usehass
uAldlAY 1 459 5ﬂwmwaaaﬂamLWauaLmaiLamﬁqgﬂﬁ 2.4

Uil 2.4 Anvaizvesaldviaueines
(#A11: http://www.lampangtc.ac.th/branch8/manage)

2. mMU1GLmesueLes (Capacitor Motor) ddnuwazaatsaUaninausines
safunssiidahdamesfiuiwhliuomeiTauaudifiaunhaudnmaowes Aeofussda
vuraningslinssuavnraniindon sawmesudaifvuindous 1/20 wsefhds 10 useh
Snuarlasaiamluresni@wesuameiinnsnainanisnasiudeunaining ninauan
wanpwesuarsIuTeUT NN uNuRaaAYauLansIgUT 2.5

Uil 2.5 dnwaizresnunBinosuemnes
(#u7: http://www.lampangtc.ac.th/branch8/manage)


https://anyflip.com/lznol/wwjn/basic
http://www.lampangtc.ac.th/branch8/manage
http://www.lampangtc.ac.th/branch8/manage

3. SWadunowmas (Repulsion Motor) uusimesnilvnainlsimesaoidiiu
Aendamesuariulssanuduisednises Joihliusuanuduazussdala Tnonisusu
Auwawlseau awmmesvaadniuegluseuilesyanediuinsuresaudninauaines

138071 VARIALIUUARIAIFUN 2.6

Ul 2.6 nwauzvesiatunoines
(#u1: http://www.lampangtc.ac.th/branch8/manage)

4. yflreiuranomes (Universal Motor) lunawmasauiadniiind sl
Age 1/20 w5t 1/30 wsadh dhluldldduunasinelaiinssuanssuazunasanalai
nzuaaauydn 1 e vewesylalfinuaudd Aeliussdndunyugalsunnuialadei

[ a a s v A
’NﬂiaﬂLLiQ@ULLﬁ%’NQ‘iﬂ’JUﬂ&J@Laﬂﬁ/ﬁ@‘UﬂﬁLLﬁﬂ\‘IﬂQEUV} 2.7

Ul 2.7 nwaizvesginesuvanoines
(#A1: http://www.lampangtc.ac.th/branch8/manage)

5. aiinlnauewnas (Shaded Pole Motor) luewmesvuiadniigniinseln
Sunyusinuntdauldiueiadldliihifiiumdnuansdisgun 2.8

U 2.8 dnvazveadadialnauoinos
(#n1: http://www.lampangtc.ac.th/branch8/manage)


http://www.lampangtc.ac.th/branch8/manage
http://www.lampangtc.ac.th/branch8/manage
http://www.lampangtc.ac.th/branch8/manage

2.3 awmasiWINTEnans

ueimasliiiinszuanss (Direct Current Motor) [3] ¥imthiluvamdsnuliindy
wasnunaiievilviinguau viewndoudl sasisliaunnin Wesnnuewesliinszuanss
fuflusadaiFuduiigs (Starting torque) ansamuaudnsuildrosineiny uidoidodo
Tassasiidudousnnislimngiadldamlunuiiisasireutrsgannuandisgui 2.9

- -
anon WAMINANRAIHINN

eoniimined WA

4

wenin
efuineef

sUN 2.9 1A5985199091 0095 NS LLanS

v

(fian: http://www.research-systems)

2.3.1 ¥anN1sYUvasuamastiiinszuanse (DC Motor)
dlefinszualuiirnudnlulutemesnssuaazuiseanty 2 mns Ao drufindeas
it luivnainaunuusivgn (Field coil) vhlimdnauuudngn druiigosazriiuulssau
asuauLasiuretimme il luraane fe Sl AnauN LW nE N Ty
2.3.2 sﬂﬂazlﬁﬂﬂﬁugﬂwawamaé

anhunfiarsuFentdiuusing q deg 4 a9 Ao usedului (voltage) N3
lyavesnseud (current down) AASL (speed) wseln (torque)

- ussiuliidi wewmemndazdussdul i ldnuiuanssfunue aauiives
yawmasuiad dwsunawesiiiinsruanseanansaltiniiinsruansmsansenaaduila ue
Sufunewmesliinssuaaduarldlnnssuaaduningy wavusssulniihfidrelifunemedoss
NaRadnsIANNSarussTnveIBIneS

- mslnavesnszua Tunistuavesnsruatulunsdlfyownedldsunssuanin
widedne lunsdiveweslilldserulvanla q dussiinszualnaniudos uwalunsdifidnnsld
udefulanariUsinunssafiunnty n1slravesnszuatuinusudumnss win
nszudlineudruames vz lufiiaufismedmiunstulnan waznszualniihfisglsi
1oLMasTilNaRBoRIUSIAL LTI VDILBLABI e

~ $n5 157 wewmesnIzLansalisnsEUnAT 4000-7000 seuReuT Fe8nINT
YosuBImosaunsnanassaIiuduld d1ndosnsldauiidosnisanum$unnidoaden
mama%ﬁﬁé’mﬂﬁaqq

- 15990 Wuussiveweinsyiiulranlunsidenuomesimniussdntiosas
T ulgiulnanilivinunuadiussdnunannsoldauiulnandifivminannle


http://www.research-systems/

2.4 \anaansiad (Solid State Relay)

o v

lw@nawnsiad [4] Wugunsaididnnselindfvimihinduaing neldldwindudalu
N15PALALADINATTIR LanaLnNILag L lmnAluladvauelineuanmas yNutNAaenusLad
LERIGagUN 2.10

I
I
I
1 o | —e 3
:\\f

sUT 2.10 dyydnualveslednanysiad
(#n7: https://www.prd.go.th/th/file/get/file/2022)

2.4.1 mMsyaunazlassadraneluveslaandinnsiad

19ARaLANSIAgA10899INNIYUDNILAIUITALE NN UADIAIY AIULSNL
Judumuay (1,2) Wedsuuswulniinszuanss (DC) saus 3-3210a4 LED azasdgyayias
Tulnsn Tnswen(Triac) ¥ ULaLsaI995d@IUNaD (3,4) ASUINRT ALINUAREAUIIAE el

ay A | = = Y v @ Y @ a a [ Y] | Y

2ii99Anin Ao ludntndulda (Contact) a1an9asnazllii@eena @auns0fnme995 b5
NI13egwardIsassunsyanuanulnanlau1nnIi Weteauwssnulanuauinveensey (Coil)
wiinn sy INFURaLanIRIgUn 2.11

03}l
=

DC Input

sUN 2.11 1asaasnanievadlaanaingsiad

L)

(fha: https://www.primusthai.com)

2.4.2 mailwanawnsadluldeu
nsinlednanvsiadluldnulutagiuanunsaeenwuulimvinulavainvae
unndnsiad wiuenndenindulednamniiadansald dyyrntadioutse signal) un
muANnsviauveslednanniiadiielivdesnsruanudomeiiiosgliiulnan 293
wiadinagnulunsmuauauiiiseuresowes 299l uenanddsansminauiy
Taufuisesiaanishauresgunaaiine WEndeuansieguil 2.12


https://www.prd.go.th/th/file/get/file/2022
https://www.primusthai.com/
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£\ ) VCC + 5VDC
R1

%I\

RJ \J :
e
/ / LOAD

\ \ \ ower
- - g

O
J SSR

sUil 2.12 2aasmuaulagldnsaueuinia(Phase Control)

v 9

(#w: https://www.prd.go.th/th/file/get/file/2022)

nsimsdledeanniadaeldaudiulnaaniinseiads 9 A5EAARIUY FNT
(Heat sink) 1ivetieszuieauion daagvilinlednawmesiadiongnisldauieniuiuunans
AaguN 2.13

Ul 2.13 TeAnawmntiadfifnssuu Bnds (Heat sink)
(#11: https://www.prd.go.th/th/file/get/file/20220)

2.4.3 Yszinailavadludnawnsiad 8 2 vila laeia15a11ne16ane
1. ldnamvSiaduiauuu 1 wa azuoneenduassngudes Aenguildau
salufunguill fRnseunuiuids (Pca)
TeAnamTiaduvunguiildanuialy dnvasiluvewesdiaduiadorlid
wiheeuLna o1fevdnnstnszuavesgUnsalldineusinines anmnsavhaulsfiruige
5 weadh azuAnINTIUYBIBUNALANITITUT 2.124

ot

9

Ui 2.14 Tednawvidiaduuu 1 wa wuungaldammly
(#A11: http://www.9engineer.com)


https://www.prd.go.th/th/file/get/file/2022
https://www.prd.go.th/th/file/get/file/20220
http://www.9engineer.com/
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- Twananvistaduuuindeunusuiia s axflvunadnniuuuialy eenuutin
\iefndsuuuruasasdidnnseind (printed circuit board) (PCB) d1u5un1svinauessiatl
wuuilaziSonin §lsaseads (Zero Crossing) tilateatuuseruiudvardmiulnanied
uaes (Solenoid) #3e NalmesAsUlNTa (Motor Control)

2. lganawmnsiaguiailuyu 3 e (Three Phase Solid State Relay)
Julvdnawmndadviauuu 3 wa d5amesveaiu ns1uwu(Transient) auauiuausou
gesyninsBunaiuiending anmguuialvg dluldauduieiesdng indesfinm unaguille
AnanvTiaddmiueInsnszvnvemelnosuansiegUil 2.15

U 2.15 Tednawmmsiadiuy 3 wia Bvosineg
(#11: http://www.9engineer.com)

2.4.4 N3uenlYANFAVSIASNNANBAIZYRINTS §INTI(Switching)
Toananvsiadidousnnudnvuzveinsaindwwenoasnduaewia feo

WUUT S ena1 915As0ad 9(Zero Crossing) 150 wuuTiL3andn audenadnd 1(Analog
Switching) @aulngjasfealduuu §13Aseada(Zero Crossing) dwsuluan LT(AC) uar AT
393 9(DC Switching) dwsulwan DC uidmsuLUY ozu1denainds(Analog Switching) 9%
il lunnsaununaniianmsansle wu Sawmes 195miu 1n3esmuauaamni szuy
PID leAnavTiadussinniasnantiosann

Flsaseade(Zero Crossing) Aon158ARB3993 Frefiusssuielng 0 Taadudelndides
U3hal 180 09 Uay 360 o9 Litailunsdinsodsastisiinszuamilganansdssud 2.16

3UN 2.16 AAudyaaudlsnaeadiaiadi 180 aeruay 360 o3

(U: http://www.9engineer.com)


http://www.9engineer.com/
http://www.9engineer.com/
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=
2.5 a9
dles [5] WududwaIaananizusiaduawuuidugvnnay asweulidnwazdu

wan Bendrftuiles ansairluuszneuiuiesdndnils Sndidasvuslufianimseiu
TunazzinszuUdInaslu lneanusiveuilesiiiiaeastuey fudnsndiuvesdnuiu

el INuanIRIgUn 2.17

Ul 2.17 lestuuaziflesmy
(#11: https://thaimechanic.com/article-208)

2.5.1 AMANYMEUBUNDY
annsalUlddsinusvgu Ufumnum$ uasfienemsmluiaiesdngle 4
ANAINTIAdeTUTIUUAETNY WirAndmsafiszuuiesegligadendanuluiunnsda
vauazNsaUlaavesanENIY

2.5.2 N15%19ASINISNALNBS
F951N1INALDY Ao dadlusznIies 2 a1 Juluiderdedady easnila

tdufdunagifeadndravidufmmy Westunaziflosnunzdninusisounaz1uiu
fludlosfiinedy Fuegfumiudesniniunieanainnss lagiflestunasiilomiuayd
ANNFURLSTURD AuSIsauieatyU x Suuiiuiesdu = Anusiseuiloaniy x S1uau
Huesnu ﬁmﬁﬁwmaﬂmsﬂ%’qmmuammiﬁ (2.1)

Nl Zl == szz (2.1)

dio Np = anusseuilesdu

Z1 = dunuiluilesty

N, = anusiseuiieany

Z, = unuiluileniy

ansININAeItR Insiwalagldansauaunisn (2.2) uag (2.3)


https://thaimechanic.com/article-208
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. N
I =— (2.2)
N
de i = dnvme
N; = anudrsouilosiu
Ny, = anudrsouilosniy
Z2
[ =— (2.3)
Z1

S 1Y)
dlo I = s
Zo = dunuiiuilaniy

Z1 = unuiluilesdu

= (4
2.6 3ta¥
a8 o« & el A 9 < 9 - -
Swad (Relay) [6] Wugunsaimuasundsnulidndundesnuudman weldluns
spavthdulavesreuunalilisuannglaenmstdeunseualnihlviiuuaainieviinisida

m U
Uanthdudandvaing arunsatsiadluldluisasaunudnlub® dydnvallasiasiaves

Siaduananagui 2.18

— ONO

C
ONC

sUfl 2.18 dydnwallassairsvesiiad
(#u1: http://www.atom.rmutphysics.com)

2.6.1 daulsznaudAgyvasiiad


http://www.atom.rmutphysics.com/
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1. d1mveswnan (coll) mdenihnssuan vimifassauuusimanlnditlru
Tanglunsesislvimidudadendu veulagnisfunsesduainniguenanasesdvnain
wilenidlevaanlduusiuasiinaumusdmanliiwiliunulane sululunssyid i
wihduiasadiy

2. dhuvesthdusia (contact) imhilwileuaindanenszualnlvifugunsal

2.6.2 Yaialdauvasiiagd
3asie NC 69311911 (normal close) nungaudunadanseningaldigll
snarmnilsnimiidudazdasulaeialuasaegadididugunsaid fosnislwve
AaBALIaT 3Are NO 8811370 (normal open) vangaudunfdanienindalianglnl
yaadnnd e mindudasslidin 9ase C gou1970 (conmon) AegasaNiiseunann
unaetnglwiansdsgui 2.19

\ ./

[ ~®F
= o
NC
e IS
e
NO
(o]

domnaynwldnsunaoaly

o—f

JUN 2.19 uanssnuaen1sinauasiitvessiad
(#11: http://www.research-system)

2.6.3 M3AUANNIIINUYBRUnsallidievainiiad 8 Yasdyiu
a8 8 Yasdnaas Idmsumivaunsinauvesgunsalliiivuiala 220
TiaduanInagui 2.20

5UN 2.20 vesasiad 8 Yaadayaya

o

(fian: https://www.arduitronics.com)

Uainsad 8 Yesdnyaa dSiadiodnauuy SPDT 91u3U 8 Yasdyayiad AUAY
1ol DC loigean 30VDC 10A uagl AC adgn 250 VAC 10A dseaudeysyiadunnniunuuuy
TTL vharusaedygraiuy wondinla(Active High) I Sauld-lelatan(Opto-isolated) 1o


http://www.research-system/
https://www.arduitronics.com/
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LUNNI1INE UV YRy IuAIUANLNTITUTIAd0aN N I LED Wansan1uni1salyingIues
FadUaTLANIANIUTVOIUDTA

a a X
2.7 dAINYVILNILADIYNNAY

sUI2.21 adnTamiaesdwwang
(#A7: http://www.baymax-estore.com/product/power-supply-12v-5a/)

anTanaesTmans (Switching Power Supply) [7] 18uunasinglnnsenamusadu
wuuwils uazannsadsunsssulianiihnssuaaduliadgs Widuussiulnihnszuanss
Ao i eldluaudiaansedndls wuieaduunasdngliidadu (Linear Power Supply)
faudivniestwnanetiaauuazdesinislinioutadunisaameunssdugsliunsedy
i usaBadamiedinatsazdonisliudioutasifvunedn uasimind e iewieuiu
widsdglidadu Snaaindannesiwnaediiussannngs

FasieTesunmudnluiAesld aindanieddwwate 12 Taad 5 woulifufdnelv
Todnmsineg meluaies fagud 2.21

2.7.1 vdnmsieuvesaindawiafdwwane

Andamnesdnnatsdeduszneviiugiuiindoedetuuarlddudeu Wl

Adgrosaindaunieddnnaisazoy i neuneiines mti announssiule e
9AUsENBURNSuaneRagUR 2.22

- ABULIDSLAB S -

29957l awmed Wes - - a AITVINTIUE
= vilauUasddnta > Twan

uazsanlvloas NS WA S LAZATDILIIAU

*

NITATUNA -«

SUN 2.22 9aAUsENauvesEInfanesdnwany
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wsanulnInsTuaaduAIg99ENIWY1I93s RFI Walmes \iensesdaasunIu
wazuUadlniilinszuanssangiiensasisnflilieasininesnudamesezinulumines
Aounafmeslaunsinsoussiudutiag finnnuduseanm 20-200 Aladsnd kulugmile
wasaindaiieanusstuieinnuomiionyasaysofiuiesiisinssua LazNToILIIfY N3
At AsItuRzyildlaensdeunduiiusatuerdnaundmsasaiuny temuguli
wnesiudanefihnssuaniuietosamunsdsuuamoausuidig

2.7.2 AaULIRSIABT (Convertor)

aouesinesidudiuiiddyigaluaindanineidnnans imirianneu
ussulniinszuanssangsasiduussiulaiinszuanssadn wazanansonsiiAusaiule
pouneneTivanssULuTuogfudn vz sdmeasnely

2.8 lnaawaa

Tnanwad (Load cell) [8] Ao lwwwasdmsunsiaiauivin usinszniena nse
Usunawasinanfidesnisnsiuan Tngld awmsuina (strain cauge) minasluusndidnis
Wasuwlasgunswesinanad Wefluswnnseyiselnanivadgsivld awmsuing (strain
gauge) inegluuinadiinsiasuzunss da vi3e e vilkAiruiunswid amsu
LNA (strain gauge) \Wasy

lugn Strain Gauge tASuwsINA (Compressing) 31911¥ Strain Gauge wALT19AU
LLaﬂuamﬁ"Lé’%’mLiqﬁﬂ (Tension) Ae¥ilyl @mWNA (strain gauge) gnéineen FavilyiAAIy
FIUNIUVDY @ATULNA (strain gauge) Lﬂﬁammaﬂﬂuamé’agﬂﬁ 2.23

No Load Load

s - Tension

Compression
0| Compression -

L

Ul 2.23 msfindalnaniead
(#u": https://blog.thaieasyelec.com/how-to-use-load-cell)

2.9 lwausgn11a2

Twduessinndl (Solenoid Valve) [91 Al 2dmuauiiamaaslngltresalfindanis
SudvaUimiensedluii Wedosnisliindeyndumis ledusssndirusznoudie
wlwdnliihdmsudadannds dedawasdnaindnszuans lnanunainusndnl Wil
aumLLﬂJLﬂﬁﬂlWﬁwz@@Lﬁamwé’;lﬁa%’néaLLaméﬁgUﬁ 2.24


https://blog.thaieasyelec.com/how-to-use-load-cell
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U 2.24 wAuosinddndmeandos 2/2
(fa: https://www.densakda.com/solenoid-valve)

2.9.1 wann1sinauvelwauasningg

anwazn1vIuYesledussnadl iusauduszuuliia [We-Us aesriu
vaslna lneUdesnseualiiinlnanwanidunainiusouwiandn azdnauiuudmngn
ylihdsusdlivusndiuiedadosvivasivalvaniiu dedesnssUndomiuvesesdia
iesdnnszualnivuazlaiurisiosituvevesiva

2.9.2 NM5AWANNMIIINNUVNTAUEAAI LTA-Un 3 S3UU

1. szvudnUalaensedleduedinds 2 mauuda-Inund (N/C) fifisyuy
M3 wuudalnense Smadmianisasnisesnnianis ﬁ%aagﬂmaé’mmaﬁmﬁwﬁ
\UauarUngnau (Orifice)

2. szuulalanieden ledussninal 2 nauuunAda (N/Q) s3UUnIsvingu
wuudadaneden fmadnndamnawasmseennians FNHIUUAN (main orifice) Azagly
frnddaldmsnnuiuiinszyrefuinduuuarsuanwoswsulaezumsy (diaphragm)
innsideauna

3. syuugnuay lwduseainal 2 nevliaundda (N/C) ssUUn1TveIuLUY
anua Smadmianauaznisoonuiions msidagiiumdn (orifice) agnieluiing Wu
M3 waukEn U ieuf e siufid uuuwazd e el aezu I AR ALAT IS
u (plunger) vesluAusssmtigeenusonuNLlnozLstlnEnTs


https://www.densakda.com/solenoid-valve

unii 3
N1S99NLUULAZNITALEUNNS

Tuunilagnanie N1500NLUULASRIUARIUTALUTR Falludanlanosknsy wHudIn1g
PI9IUVDIALATEY N15LTRUMARVRILLLATADUINTALADS N15MDIIDT WAL lATIAS19VDIAILATEY

< (Y o
3.1 vaanlaozunsULENINANNISTINeILINYSIM

Power supply

Keypad dxd —|—b —+ LCD
| |
NEN
Loadcell senscr Buzzer

—’—Jb DC Motor 12V

Arduino Mega 1

i
mshey, o
] Solenoid Valve

[

(]
L
=)

—HP AC Motor 3hp
|

]
P AC Motor Valve

Input Microcontroller  Output

JUN 3.1 vdenlnesunsuvetaIeaund uenluR

93U 3.1 Wuvdenlaezunsun1sinnuvesaissund wsniuii eusenauluiie
3.1.1 dquvasuwnasangln

wasaelnnlgnelureuasosunausn LRty ¥191n 3 wrasAs 1. ludn
nsziaaau 220 Taszsasldidunnasaglnliuowasiniinszuaadu 3 w59 uawasinava
2 fnfnseg Usndainasukardinuisasulaiy sauddlddunrasgnelli



19

wiasanglviinnszuanss (Power Supply) wlaslnanlwinssuaadu 220 Taad Wl
nszuanss 12 Tad 5 woud 2. ihnszuanss 12 1aed 5 wend unanunasanglniln
n3zuanss (Power Supply) Bsaziuunasinglwlyt vesaenelu wnng 2560 ueimaslii
naviansa 12 Taadia 3 Teduassnd 3. Tilfnssuanss 5 aakainuasnenelu wnne
2560 \Juwnaadnelifly Jowes wuwesivanwad lugasiad 10ueadn wazAdune
(Keypad)
3.1.2 dquvasdunm (Input)
Tudhuvesduns azuszneulumemugesinanwadiroogiulugavens
Fyeunaw HX711 wazAduna(Keypad) wuu 4xa Ldmsutlouainie
3.1.3 dauvasannnm (Output)
TuduveaednmazUsznaullsiie
1 PousadiuansiavanasesunuSIludATden MIuansAd il
PAULESIanaa
2. Teed dmsundufioundimnasowheilulvuadnlufadadu
3. wamosluihnszuaad 220 Tad3 use finndsegfuiund
8. yawesliinszuansa 12 e v 3 & lnedai 1 %amgmgﬁﬁqﬁﬂm
f1u #fl 2 %am&gqagﬁﬁﬂmuuﬂmazﬁﬂ LLazﬁaqmﬁﬂu%amgmgﬁ famudaunauiia 3 fio
weey 1 wazutiey
5. Tedueesngs dmsulaosingn dafuihadudeniuuiuasii
6. 1BHASIIA 2 F Tnesdl 1 ﬁm%’uﬂa'asmdwuﬁﬁm&a@lﬁﬁaﬁnmdm
way dfl 2 dwsuudesutiuazin ﬁaﬂﬁu’aag:u%nmiéw’ﬁaﬂauLLﬂqLLazﬁﬁ
3.1.4 dquvadlulasaaulnsaaas (Microcontroller)
aglduesaenelu wnny 2560 WummuauvdniisuAaniugesivan
19Ad WAZAILNG UARINADENNINIBUOATRKAZTUMIAIUANNISTINUTBNDIANARINY VBS
RGN

3.2 M3wausiavadlulasAaulnsalaes
finsiweusiovasuainomell wnne 2560 AUBUNALALEIANAAINY Fa3UR 3.2
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12C KEYPAD V1.0

GND

12VDC

220VAC

© Y
“NwWwhARUON

JUN 3.2 nsiveusevedlilasreulnsaiaes

91n3U7 3.2 unsfeusieveslulasreulvsaiaes a1nvesaeinelu wnng 2560
fudunAkazI1NAAee laua

1. 99U9a%5 Wouraiuv1 SDA uar 91 SCL Avueinongluuazillnide 5
Tadnueineinsly

2. Adunn 16x2 ¥1 SDA LWausie fu 91 21 wawgw1 SCL Weusiaiu 91 20 489
s 1 all ‘:’lj 6 s 1
vainengluuasliliiiaes 5 1iadanuesneneli

3. wueSvanadiidousoagfulugavetedyaia HX711 i 2 i Tngdh
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“lulasmeulnsanesengling 2560”7 (Arduino Mega 2560) (szuuaaulai)
WAETiLN: http://www.lungmaker.com/arduino-mega-2560 L%Wﬁﬂﬂ%’qqmﬁ’la 16

U 2565.

q

a &

0A3nY gunvy, “vawmaslwinszuaadu”, fanindsd 1, ngaunmamuns, didndid
Beagiadu. uua, 2561, iifandaaatine 19 Sunew 2565,

lszjstng AULNA, “uama'ﬂw%ummsmuqu”, ﬁuﬁﬂ%\i‘ﬁl 1, NTWNNUAIUAT, AUIAN
duadunalulad(ne-giw), 2560. infsadsaniine 5 nuaius 2565,
“Tednawnsias” (Solid State Relay) (szuusaula) uwasdiun:
hittps://www.prd.go.th/th/file/get/file/2022 iflansagating 15 fiquieu 2565,
Fuiles Aaunis, “ee”, funiedsd 1, Unusndl, ddnfaniametnd, 2538, s
aSsanvine 20 nangnAY 2565.

CY Y] a

stady nasnduney, “nslesiunaziag”, faindedt 3 UUNT,
dniinfiipowerjoe, 1inflanssanvine 6 funau 2565.
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dinfui@dagiadu. uae, 2553, dhiendsaaving 11 e 2565.
“Inaniwad” (Load cell) (szuuoaulal) unaafiun:
https://blog.thaieasyelec.com/how-to-use-load-cell L%’]ﬁﬂﬂ%ﬂﬁjﬂﬁw

19 wewnAL 2565.

“TAusesnar” (Solenoid Valve) (sxuvesula) wiasdiun:

https://www.densakda.com/solenoid-valve Lsfhﬁﬂﬂ%’ﬂajﬂﬁw 17 n3nyIAd 2565.
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#include <LiquidCrystal_[2C.h> //Ganld library

#LiquidCrystal _I12C lcd(0x27, 16, 2);
#include <Keypad_I2C.h>

#include <Keypad.h>

#include <Wire.h>

#include <TimeLib.h>

#include <DS1307RTC.h>

#define I2CADDR 0x20

#include "HX711.h"

float calibration_factorl = 44818.00; //inAInanizas

#define zero_factorl 8383180
float calibration_factor2 = 52506.00;

#define zero_factor2 7768106
#define DOUT1 A14 // nnvunsouilsnedanauns

#define CLK1 A15

#define DEC_POINT 1
#define DOUT2 A13

#define CLK2 Al2

#define DEC_POINT 2

float offset=0;

float get_units_kg1();

float get_units_kg2();

HX711 scale1(DOUT1, CLK1);
HX711 scale2(DOUT2, CLK2);
const byte ROWS = 4;

const byte COLS = 4;

String key;

volatile int x = 0;

volatile inty = 0;
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volatile int k = 0;
volatile inta =0;
volatile int charcoal_upr =0;
volatile int charcoal_low = 0;
volatile int water_upr =0;
volatile int water_low = 0;
char hexaKeys[ROWS][COLS] =
{

{1','2','3''A'},

{'4','5','6','B'},

{7','8','9",'C'},

{04, D',
I
byte rowPins[ROWS] = {0, 1, 2, 3};
byte colPins[COLS] = {4, 5, 6, 7};

Keypad_12C customKeypad(makeKeymap(hexaKeys), rowPins, colPins, ROWS, COLS,
I2CADDR);

#define M1013 // ﬁ’mumﬁmﬂﬂmmm’m’wm

#define M102 4
#define M103 5
#define M104 6
#define Soll 7
#define Sol2 8
#define Sol3 9
#define Buzzer 12
float valuedatal;
float valuedata2;

int statel,state2,state3,state4,state5,state6,state7,state8; //state

void allstop()  //Ad&aliimnsiaugarinanu

?

{
digitalWrite(M101,HIGH);



}

void setup()

{

digitalWrite(M102,HIGH);
digitalWrite(M103,HIGH);
digitalWrite(M104,HIGH);
digitalWrite(Sol1,HIGH);
digitalWrite(Sol2,LOW);
digitalWrite(Sol3,LOW);
digitalWrite(Heater,HIGH);

digitalWrite(Buzzer,LOW);

Serial.begin(115200);
Wire.begin();
customKeypad.begin( );
Icdinterface();
select();
Serial.printIn("Load Cell");
scalel.set_scale(calibration_factorl);
scalel.set_offset(zero_factorl);
scale2.set_scale(calibration_factor2);
scale2.set_offset(zero_factor2);
pinMode(M101,0UTPUT);
pinMode(M102,0UTPUT);
pinMode(M103,0UTPUT);
pinMode(M104,0UTPUT);
pinMode(Sol1,0UTPUT);
pinMode(Sol2,0UTPUT);
pinMode(Sol3,0UTPUT);
pinMode(Heater,OUTPUT);
pinMode(Buzzer,OUTPUT);
digitalWrite(M101,HIGH);
digitalWrite(M102,HIGH);

/AN BUNALAZIFNATBITTLIL
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digitalWrite(M103,HIGH);
digitalWrite(M104,HIGH);
digitalWrite(Sol1,HIGH);
digitalWrite(Sol2,LOW);
digitalWrite(Sol3,LOW);
digitalWrite(Heater,HIGH);
digitalWrite(Buzzer,LOW);

}

void loop() //ﬁﬁzﬁlquuqﬂ

{

runn();
delay(250);
}

void loadcell() //Adsanuanluaniaas

{

readvaluel();

readvalue2();

}

void lcdinterface()  //udnsdaAinuanioadn

{
lcd.begin();
Icd.clear();
lcd.print("Wait.....");
delay(500);
Icd.clear();
while(!customKeypad.getKey())
{
Icd.setCursor(0,0);
Icd.print("please enter any");
Icd.setCursor(0,1);

Icd.print("key ?");
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Icd.clear();

}

void select() //aeueadn Widanivun

{
Icd.setCursor(0,0);

Icd.print("1.Automatic");
Icd.setCursor(0,1);
lcd.print("2.Manual");

}

void runn()  //unumrisaaainauuAtunaaesaulsp

{
key = customKeypad.getKey();
int p = key.tolnt();
Serial.printin(key);
tmElements_t tm;
if(key!=NO_KEY)
{

if(key=="1" && x==0) //Lﬁ@ﬂmmm wanlunndnlusls

{
Icd.clear();
lcd.print("AUTOMATION");

Icd.setCursor(0,0);

y=1;

}

else if (key == "2" && y==0)  //iilanmia12 @anluun AILIANADEND

{
Icd.clear();
lcd.print("MANUAL");
Icd.setCursor(0,0);

x=1;
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}

else if (key == "3" && y==0 && x==0)

{
loadcell();
Icd.clear();
lcd.print(valuedatal);

Icd.setCursor(0,0);
}

else if (key == "4" && y==0 && x==0)

{
loadcell();
Icd.clear();
lcd.print(valuedata?2);

Icd.setCursor(0,0);

//na3ieanuANNUTinann L FuaALTa a7 1

//np4riaanuAntinuinannmse Suaamaa:

else if (key=="C")  //naCiitels4Andq allstop

{
allstop();

Icd.clear();
select();
x=0;

y=0;

p=0;

k=0;

a=0;

else if (key=="A")  //naAiNel¥urhaaueadnudnsarsinun

{

loadcell();

o

9

=
N2
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Icd.setCursor(10,0);
led.print("C=");
Icd.setCursor(12,0);
lcd.print(valuedatal-3.80);
Icd.setCursor(10,1);
led.print("W=");
Icd.setCursor(12,1);

lcd.print(valuedata2-1.88);

if(x==1&&y==0&&key!="D"&&p<=8&&p!=0) //nALxD TulnupdnlulRiie WiriaeEurie
{

Icd.setCursor(7,1);

lcd.print(p);

Icd.setCursor(0,1);

lcd.print("NUMBER");

{

if(p==1) // nenaat Wnameflinszuaaduvinany

{

statel=Istatel;

if(statel==1)

{
digitalWrite(M101,LOW);

}

else

digitalWrite(M101,HIGH);

}
}

else if(p==2) //naae2 Wuawmes i nszuansafiafii nineu

{

state2=Istate2;



if(state2==1)

{
digitalWrite(M102,LOW);

}

else

{
digitalWrite(M102,HIGH);
}
}

else if(p==3) //naa13 Wnamasinnssuansesiang nnany

{

state3=Istate3;
if(state3==1)
{
digitalWrite(M103,LOW);
}
else
{
digitalWrite(M103,HIGH);
}
}

else if(p==4) //naa14 Wnamesinnszuansafian3nneny

{

state4=Istate4;

if(state4==1)

{
digitalWrite(M104,LOW);

}

else

{
digital Write(M104,HIGH);

}



}

else if(p==5)

{
state5=Istate5;
if(state5==1)
{

digitalWrite(Sol1,LOW);

}

else
{
digitalWrite(Sol1,HIGH);
}
}
else if(p==6)
{
stateb=Istate6b;
if(state6==1)
{
digitalWrite(Sol2,HIGH);
}
else
{
digitalWrite(Sol2,LOW);
}
}

else if(p==7)

{
state7=Istate7;

if(state7==1)
{
digitalWrite(Sol3,HIGH);

//naaas THlTauesAanaanne

//nata16 lnamafnga Wsa A1

//nenan7 Winaimnasangn Wi 219
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else
{
digitalWrite(Sol3,LOW);
}
}

}
if(y==1&&x==0&&key!="D"&&p<=8&&p!=0)

{
lcd.setCursor(0,1);

Icd.print("Enter value:");
Icd.setCursor(14,1);
lcd.print("KG");
Icd.setCursor(13,1);

Icd.print(p);

if(p==1) //‘ffwﬁﬂ 1 Alansu
{
k=1;
charcoal_upr =5.20;
charcoal_low =5.00;
water_upr =2.20;
water_low = 2.10;
}
else if(p==2) //‘ﬁwﬁﬂ 2 Alansu
{
k=2;
charcoal_upr = 6.20;
charcoal_low = 6.00;

water_upr = 2.50;

//vtihnaaenimin 2eeuuaen U
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}

water_low = 2.40;
}
else if(p==3) //ﬁmﬁn 3 nlansu
{
k=3;
charcoal_upr =7.20;
charcoal_low = 7.00;
water_upr = 2.80;
water_low = 2.70;
}

else if(p==4) //iﬁﬁﬁﬂ 4 Alansu

{
k=4;
charcoal_upr = 8.20;
charcoal_low = 8.00;
water_upr = 3.30;
water_low = 3.10;

}

else if(p==5) //‘ﬁwﬁﬂ 5 Alansu

{
k=5;
charcoal_upr=19.20;
charcoal_low =9.00;
water_upr = 3.60;

water_low = 3.40;

if(y==1&88&x==0&&key=="D"&&k<=88&&k!=0)
{

a=0;//a1AuN1319 UL N AS A LR
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Icd.clear();
Icd.print("Running");
delay (3000);

if (a==0)
{
digitalWrite(M101,LOW);
digitalWrite(Sol1,LOW);
a=1;

delay (10000);

}
if (a==1)
{
loadcell();

lcd.setCursor(10,0);

Icd.print("C=");

Icd.setCursor(12,0);

lcd.print(valuedatal-3.98);

Icd.setCursor(10,1);

lcd.print("W=");

lcd.setCursor(12,1);

lcd.print(valuedata2-1.88);

if(valuedatal < charcoal_upr && valuedatal > charcoal_low)
{
digitalWrite(M101,HIGH);
}

if(valuedata2 < water_upr && valuedata2 > water_low)
{
digitalWrite(Sol1,HIGH);
}

a=2;
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delay (5000);
}

if (a==2)

{
digitalWrite(M104,LOW);
digitalWrite(M103,LOW);
a=3;

delay (30000);

if (a==3)
{
digitalWrite(M102,LOW);
digitalWrite(M103,HIGH);
digitalWrite(Sol2,HIGH);
digitalWrite(Sol3,HIGH);
a=4;

delay (30000);

if (a==4)

{
digitalWrite(M102,HIGH);
digitalWrite(M104,HIGH);
digitalWrite(Sol2,LOW);
digitalWrite(Sol3,LOW);
a=5;

delay (3000);
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if (a==5)

{
digitalWrite(Buzzer,HIGH);
a=6;
delay (3000);

}

if (a==6)

{
digitalWrite(Buzzer,LOW);
allstop();
lcd.clear();
select();
x=0;
y=0;
p=0;
k=0;
a=0;

float get_units_kgl() //set Arrasivianizas
{
return(scalel.get_units()*0.453592);
}
float get_units_kg2()
{
return(scale2.get_units()*0.453592);
}

void readvaluel()
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{
Serial.print("Reading 1:");
String datal = String(get_units_kg1()+offset, DEC_POINT);
valuedatal = datal.toFloat();
Serial.print(datal);
Serial.printin("kg");

}

void readvalue2()

{
Serial.print("Reading 2 : "');
String data2 = String(get_units_kg2()+offset, DEC_POINT);
valuedata2 = data2.toFloat();
Serial.print(data2);

Serial.printIn("kg");
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Overview

The Arduino Mega 2560 is a microcontroller board based on the ATmega2560 (datasheet).
It has 54 digital input/output pins (of which 14 can be used as PWM outputs), 16 analog
inputs, 4 UARTs (hardware serial ports), a 16 MHz crystal oscillator, a USB connection, a
power jack, an ICSP header, and a reset button. It contains everything needed to support
the microcontroller; simply connect it to a computer with a USB cable or power it with a AC-
to-DC adapter or battery to get started. The Mega is compatible with most shields designed
for the Arduino Duemilanove or Diecimila.

Schematic & Reference Design
EAGLE files: arduino-mega2560-reference-design.zip
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Schematic: arduino-mega2560-schematic.pdf

Summary

Microcontroller Tmega2560

Operating Voltage 5V

IInput Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V

Digital I/0 Pins 54 (of which 14 provide PWM output)
lAnalog Input Pins 16

DC Current per I/O Pin 140 mA

DC Current for 3.3V Pin 50 mA

Flash Memory |1256 KB of which 8 KB used by bootloader
ISRAM 8 KB

EEPROM 4 KB

IClock Speed 16 MHz

Power

The Arduino Mega can be powered via the USB connection or with an external power supply.
The power source is selected automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or
battery. The adapter can be connected by plugging a 2.1mm center-positive plug into the
board's power jack. Leads from a battery can be inserted in the Gnd and Vin pin headers of
the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than
7V, however, the 5V pin may supply less than five volts and the board may be unstable.
If using more than 12V, the voltage regulator may overheat and damage the board. The
recommended range is 7 to 12 volts.

The Mega2560 differs from all preceding boards in that it does not use the FTDI USB-to-
serial driver chip. Instead, it features the Atmega8U2 programmed as a USB-to-serial
converter.
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The power pins are as follows:

VIN. The input voltage to the Arduino board when it's using an external power source
(as opposed to 5 volts from the USB connection or other regulated power source). You
can supply voltage through this pin, or, if supplying voltage via the power jack, access
it through this pin.

5V. The regulated power supply used to power the microcontroller and other
components on the board. This can come either from VIN via an on-board regulator,
or be supplied by USB or another regulated 5V supply.

3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is
50 mA.

GND. Ground pins.

Memory

The ATmega2560 has 256 KB of flash memory for storing code (of which 8 KB is used for
the bootloader), 8 KB of SRAM and 4 KB of EEPROM (which can be read and written with the
EEPROM library).

Input and Output

Each of the 54 digital pins on the Mega can be used as an input or output, using pinMode()

dmL;aMmgQ and digitalRead() functions. They operate at 5 volts. Each pin can provide or
receive a maximum of 40 mA and has an internal pull-up resistor (disconnected by default)
of 20-50 kOhms. In addition, some pins have specialized functions:

Serial: 0 (RX) and 1 (TX); Serial 1: 19 (RX) and 18 (TX); Serial 2: 17 (RX)
and 16 (TX); Serial 3: 15 (RX) and 14 (TX). Used to receive (RX) and transmit
(TX) TTL serial data. Pins 0 and 1 are also connected to the corresponding pins of the
ATmega8U2 USB-to-TTL Serial chip.

External Interrupts: 2 (interrupt 0), 3 (interrupt 1), 18 (interrupt 5),

19 (interrupt 4), 20 (interrupt 3), and 21 (interrupt 2). These pins can be
configured to trigger an interrupt on a low value, a rising or falling edge, or a change
in value. See the attachInterrupt() function for details.

PWM: 0 to 13. Provide 8-bit PWM output with the analogWrite() function.

SPI: 50 (MISO), 51 (MOSI), 52 (SCK), 53 (SS). These pins support SPI
communication using the SPI library. The SPI pins are also broken out on the ICSP
header, which is physically compatible with the Uno, Duemilanove and Diecimila.
LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH
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value, the LED is on, when the pin is LOW, it's off.

e I>C: 20 (SDA) and 21 (SCL). Support I>C (TWI) communication using the Wire
library (documentation on the Wiring website). Note that these pins are not in the
same location as the I2C pins on the Duemilanove or Diecimila.

The Mega2560 has 16 analog inputs, each of which provide 10 bits of resolution (i.e. 1024
different values). By default they measure from ground to 5 volts, though is it possible to
change the upper end of their range using the AREF pin and analogReference() function.

There are a couple of other pins on the board:

e AREF. Reference voltage for the analog inputs. Used with analogReference().
e Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset
button to shields which block the one on the board.

Communication

The Arduino Mega2560 has a number of facilities for communicating with a computer,
another Arduino, or other microcontrollers. The ATmega2560 provides four hardware UARTs
for TTL (5V) serial communication. An ATmega8U2 on the board channels one of these

over USB and provides a virtual com port to software on the computer (Windows machines
will need a .inf file, but OSX and Linux machines will recognize the board as a COM port
automatically. The Arduino software includes a serial monitor which allows simple textual
data to be sent to and from the board. The RX and TX LEDs on the board will flash when
data is being transmitted via the ATmega8U2 chip and USB connection to the computer (but
not for serial communication on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Mega2560's digital
pins.

The ATmega2560 also supports I12C (TWI) and SPI communication. The Arduino software
includes a Wire library to simplify use of the I12C bus; see the documentation on the Wiring
website for details. For SPI communication, use the S_EIJ,[bLam

Programming

The Arduino Mega can be programmed with the Arduino software (download). For details,
see the reference and tutorials.

The ATmega2560 on the Arduino Mega comes preburned with a bootloader that allows
you to upload new code to it without the use of an external hardware programmer. It
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communicates using the original STK500 protocol (reference,
You can also bypass the bootloader and program the microcontroller through the ICSP (In-
Circuit Serial Programming) header; see these instructions for details.

Automatic (Software) Reset

Rather then requiring a physical press of the reset button before an upload, the Arduino
Mega2560 is designed in a way that allows it to be reset by software running on a
connected computer. One of the hardware flow control lines (DTR) of the ATmega8U2 is
connected to the reset line of the ATmega2560 via a 100 nanofarad capacitor. When this
line is asserted (taken low), the reset line drops long enough to reset the chip. The Arduino
software uses this capability to allow you to upload code by simply pressing the upload
button in the Arduino environment. This means that the bootloader can have a shorter
timeout, as the lowering of DTR can be well-coordinated with the start of the upload.

This setup has other implications. When the Mega2560 is connected to either a computer
running Mac OS X or Linux, it resets each time a connection is made to it from software (via
USB). For the following half-second or so, the bootloader is running on the Mega2560. While
it is programmed to ignore malformed data (i.e. anything besides an upload of new code),

it will intercept the first few bytes of data sent to the board after a connection is opened.

If a sketch running on the board receives one-time configuration or other data when it

first starts, make sure that the software with which it communicates waits a second after
opening the connection and before sending this data.

The Mega2560 contains a trace that can be cut to disable the auto-reset. The pads on either
side of the trace can be soldered together to re-enable it. It's labeled "RESET-EN". You may
also be able to disable the auto-reset by connecting a 110 ohm resistor from 5V to the reset
line; see this forum thread for details.

USB Overcurrent Protection

The Arduino Mega2560 has a resettable polyfuse that protects your computer's USB

ports from shorts and overcurrent. Although most computers provide their own internal
protection, the fuse provides an extra layer of protection. If more than 500 mA is applied to
the USB port, the fuse will automatically break the connection until the short or overload is
removed.

Physical Characteristics and Shield
Compatibility

71



72

The maximum length and width of the Mega2560 PCB are 4 and 2.1 inches respectively,
with the USB connector and power jack extending beyond the former dimension. Three
screw holes allow the board to be attached to a surface or case. Note that the distance
between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple of the 100 mil spacing
of the other pins.

The Mega2560 is designed to be compatible with most shields designed for the Uno,
Diecimila or Duemilanove. Digital pins 0 to 13 (and the adjacent AREF and GND pins),
analog inputs 0 to 5, the power header, and ICSP header are all in equivalent locations.
Further the main UART (serial port) is located on the same pins (0 and 1), as are external
interrupts 0 and 1 (pins 2 and 3 respectively). SPI is available through the ICSP header on
both the Mega2560 and Duemilanove / Diecimila. Please note that I>C is not located on the
same pins on the Mega (20 and 21) as the Duemilanove / Diecimila (analog inputs 4 and 5).
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sparkfun

Load Cell Amplifier HX711 Breakout Hookup
Guide

Getting Started

The HX711 load cell amplifier is used to get measurable data out from a
load cell and strain gauge. This Hookup Guide will show you how to get
started with this amplifier using some of the various load cells we carry at
SparkFun.

What You Will Need:

For this simple hook up guide we will just be hooking up a load cell with the
HX711 amplifier, and showing how you would hook up four load sensors
with a combinator board and the HX711 amplifier. To follow along, you'll
need:

+ SparkFun Load Cell Amplifier - HX711
+ Any Strain Gauge Based Load Cell:

Load Cell - 200kg, Disc Load Cell - 50kg, Disc
(TAS606) (TAS606)
@© SEN-13332 @ SEN-13331
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Load Cell - 10kg, Straight  Load Cell - 10kg, Wide Bar
Bar (TAL220) (TAL201)
@ SEN-13329 @ SEN-13330

If you are planning on using load sensors’ you will need to obtain or
purchase four units. We recommend our Combinator Board to make it easy
to turn the four strain gauges into a wheatstone bridge type load cell.
(Single strain gauge load cells only have three wires instead of four.)

Suggested Reading

If you aren’t familiar with the following concepts, we recommend reviewing
them before beginning to work with the HX711 Load Cell Amplifier Board.

* Load Cell Basics

* Getting Started with Load Cells
« Installing the Arduino IDE

+ How to Power Your Project

« Battery Technologies

« How to Solder

1. [Strain gauges are two wired arganized metal foll or wires that are set up in such a way that the resistance changes

when 1t sverhed. When a strain (usuaty metatic in nature) it

stress y ' When a single gauge is hooked upta &
metailic cell, we are caling hiat a load sensors, which have three ouput wires, Load cells usually has four strain gauges
hooked up in a wheatsione bridge formation, which have four output wires. For more information on load cells, strain

gauges, and wheatstone bridges ses our witorial]—

Load Cell Set Up

TV Ao,
f /.
»
p2 T

wd

v

A selection of different load cells

Depending on the type of load cell you are using, the configuration of how it
should be hooked up to plates or surfaces will change. Below are a few
different types of setups.
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Bar load cell between a two plate configuration

S load cell configuration

Possible four disc load cell guration in ing like a scale

Bar strain gauge based load cells

Usually with larger, non-push button bar load cells you will want to hook up
the load cell between two plates in a “Z” shape, with fitting screws and
spacers so that the strain can be correctly measured as shown below:

Page 3 0f 10
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Note that only one side of the load cell is screwed into each board. This
provides a moment of force, or torque, on the strain gauge rather than just
compression force, which is easier to measure and much more accurate.

For smaller, push-button or disc load cells, you will want to make sure to
screw in the disc to a bottom plate (or surface you are measuring force
against), and center the beam, plate, or whatever else you are wishing to
measure the force of onto the “button” on the top. Usually another plate with
a hole is used to make sure whatever you are measuring is hitting the same
spot on the load cell each time, but it is not necessary.

Make sure to read the datasheet for the load cell you are using and get the
correct screws to fit into it.

+ Note: If you are hooking together four of the SparkFun Load Sensors
using the Combinator board, you should position the four load
sensors equidistant from each other, just like the bathroom scales
shown in this tutorial.

Load cell measurements can be off by +/- 5% due to a range of things
including temperature, creep, vibration, drift, and other electrical and
mechanical interferences. Before you install your scale, take a moment and
design your system to allow for easy calibration or be able to adjust the
code parameters to account for these variations.

Hardware Hookup
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The HX711 Load Cell Amplifier accepts five wires from the load cell. These
pins are labeled with colors; RED, BLK, WHT, GRN, and YLW. These
colors correspond to the conventional color coding of load cells, where red,
black, green and white wires come from the strain gauge on the load cell
and yellow is an optional ground wire that is not hooked up to the strain
gauge but is there to ground any small outside EMI (electromagnetic
interference). Sometimes instead of a yellow wire there is a larger black
wire, foil, or loose wires to shield the signal wires to lessen EMI.

LOAD CELL WIRING

A
7 &

\\‘/
64

EXCITATION +

ouTRuT +

N EXCITATION

ouTPUT

Four strain gauges (SG1 through 4) hooked up in a wheatstone bridge
formation

Here we have a large black wire, some loose wires, and foil and loose wires
respectively as EMI buffers

In General, each load cell has four strain gauges that are hooked up in a
wheatstone bridge formation as shown above

The four wires coming out from the wheatstone bridge on the load cell are
usually:

« Excitation+ (E+) or VCC is red

= Excitation- (E-) or ground is black.

« Output+ (O+), Signal+ (S+)+ or Amplifier+ (A+) is white
* O-, S-, or A-is green or blue
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Some load cells might have slight variations in color coding such as blue
instead of green or yellow instead of black or white if there are only four
wires (meaning no wire used as an EMI buffer). You might have to infer a
little from the colors that you have, but in general you will usually see these
colors.

If the readings from the HX711 are opposite of what you are expect
(for example the values decrease as you increase weight) simply
reverse the O+/O- wires.

Once the load cell is is hooked up to the amplifier, you can hook up VDD,
VCC, DAT, CLK, and GND to a microcontroller such as a RedBoard or
Arduino board.

Note VCC is the analog voltage to power the load cell. VDD is the digital
supply voltage used to set the logic level.

PRO TIP: In many cases, you can just short VCC and VDD together. If
your microcontroller uses 3.3V logic however, you'll want to connect
VCC to 5V and VDD to 3.3V.

Load cell wires hooked up to the HX711 Amplifier board

The example code has DAT and CLK hooked up to pin 3 and 2
respectively, but this is easily changed in the code. Any GPIO pin will work
for either. Then VCC and VDD just need to be hooked up to 2.7-5V and
GND to ground on your microcontroller.

Fritzing diagram of HX711 amplifier connected to a RedBoard

Now, if you would like to set up four single load sensors with our
combinator board and amplifier, connect the five pins labeled RED, BLK,
WHT, GRN, YLW to the matching pins on the HX711. Next, connect each
of the four load sensors to the following pins:

* Red — +

* Black — -
* White - C
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‘ Load Combinator .
OO0}

The combinator board also has room for an 8 pin RJ45 socket, which can
be used to connect your project via Ethernet cables for long distance
applications

Another nice thing about our combinator board is that most home scales
use four single strain gauge load sensors, so this is a handy board for
hacking your own scales at home!

—é ~880 ohms

>

RED (relatively )

|
L 23~BBO ohms
BLACK o—. T (but changes with
| applied mechanical force)

Example of a single strain gauge, or load sensor. Here RED is the center
tap

For load sensors, there isn't a set color coded standard. Comparing the
scale pictured above with the load sensor schematic, while the black wires
matched, the red and white wires were swapped. Also, only two of the four
sensors used a white wire for the ‘center tap’ of the load sensor, the other

two used green. | connected the black wires to “-", the red to "+, and the
white and green wires to “C"

To determine how to hook up your single strain gauge load cells to the
combinator, the resi e b the three wires. You should
find a larger resistance (close to double) b a pair. In our ple the
resistance between red and black was 1.6 kQ, and the resistance between
white/green and red was 800 Q. Therefore, the center tap to the strain
gauge is the white/green wire. The center tap or center pin of your strain
gauge connects to the “C” pin on the combinator. The larger resistance
wires (red and black in this example) connect to the “+" and “-” pins on the
combinator
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The combinator board hooks up the four load sensors in such a way that
two resistors in the wheatstone bridge configuration are constant values
and the other two are variable in this way:

To hook up the combinator board to the HX711 match the RED, BLK, WHT,
and GRN pins

Once you have the combinator board successfully soldered to the twelve
wires, you can now connect it to the HX711 amplifier board via the 4
standard load cell wires. You can use short jumper wires or if your
electronics are a long distance away from your scale consider using an
RJ45 connector and an ethernet cable to connect the combinator to the
HX711 amplifier.

Arduino Code

Now that you have your load cell, amplifier, and microcontroller hooked up,
you can add your code and start calibrating your setup.

You can download the most up-to-date code and libraries from the link
below.
GITHUB REPOSITORY

If you have never worked with downloading Arduino libraries or need a
quick reminder you might want to take a look at our tutorial on Installing
Arduino Libraries.

Or you can easily get started and running with everything in Codebender!

The first thing you will want to work with is the calibration code:
“SparkFun_HX711_Calibration”:
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SparkFun_ X711 Callbrmnp we&u%mﬂmw -

refgrrer; ) by

(https: i qu&m«csﬂ%ﬂ@ﬂﬂ&?ﬂ
3 By: Nathan Seidle
4 SparkFun Electronics referrer Imutiéeryer: ha'
5 Date: November 19th, 2014
6 License: This code is public domain but you buy me a beer
7
8 This is the calibration sketch. Use it to determine the ca
9 outputs the zero_factor useful for projects that have a pe
10
11 Setup your scale and start the sketch WITHOUT a weight on
12 Once readings are displayed place the weight on the scale
13 Press +/- or a/z to adjust the calibration_factor until th
14 Use this calibration_factor on the example sketch
15
16 This example assumes pounds (lbs). If you prefer kilograms
17 calibration factor will be significantly different but it
18
19 Your calibration factor may be very positive or very negat
20 and the direction the sensors deflect from zero state
21 This example code uses bogde's excellent library: https://
22 0) s Iibrary 1s released under a
23 ,&mﬂpyourmdpmpmom your browser, please use
4 (%g;iﬁ@)gl&rome (http //Iwww.google com/chrome/)/Chromium
25 s 3 .
g: (#¥ioh #¥Pand above on Linux) or Mozilla Firefox
28 | (mdpr/awwpmozillaiosgiens LS/ furfoxd) (32bit ondytan 1 intows). v
29 "
30 | Digmiss >

Please select a board [¥]| 9 Run on Arduino

Once you have calculated your calibration factor of your load cell set up,
you can move on to other code, such as the simple scale output example
code, “SparkFun_HX711_Example”:

SparkFun HX711 Ex+mmﬂmps i@muc Edhk}atcmnamd o

refgrer; h ) by A
(https: toitag WetekmreseRRIHERSE RES A

3 By: Nathan Seidle .
4 SparkFun Electronics referrer=sarahalmutiéejyer=saraha.
5 Date: November 19th, 2014 ‘
6 License: This code is public domain but you buy me a beer
7 /
8 This example demonstrates basic scale output. See the cali’
9 specific load cell setup.
1e
11 This example code uses bogde's excellent library: https:// )
12 bogde's library is released under a GNU GENERAL PUBLIC LIC
13
14 The HX711 does one thing well: read load cells. The breako
15 based load cell which should allow a user to measure every
16 Arduino pin 2 -> HX711 CLK
17 3 -> DAT
18 5V -> vCC r
19 GND -> GND |
20
21 The HX711 board can be powered from 2.7V to 5V so the Ardu
22
23 | & To program your Arduino from your browser, please use
4 L
is Go0gle, Chpme (pttp/www.google.com/chrome/)/Chromium
26 srsmn 41 and above on Linux) or Mozilla Firefox
27 lefine calibration_factor -7650.8 //This value is obtained
28 | (http://www.mozilla.org/en-US/firefox/) (32bit only on Windows) V!
29 Eefme DouT 3
30,/ RS >

L Please select a board = Run on Arduino

<

- >

Check out the other example code in the Github repo, or Codebender for
powering down the HX711 (github, codebender) and known zero startup
(github, codebender).

Page 9 of 10
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Resources and Going Further

Want to know more? Check out this tutorial if you haven't already:

Getting Started with Load Cells
JUNE 11, 2015
A tutorial defining what a load cell is and how to use one

Need even more? Check out this awesome article wheatstone bridges and
load cell types.

https://learn.sparkfun. com/tutorials/load-cell-amplifier-hx711-breakout-hookup-guide 9/9/2016
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VISHAY

LCD-016M002B

Vishay
16 x 2 Character LCD

FEATURES

{0 YIUUUUULUULUWY

)

» 5x 8 dots with cursor

« Built-in controller (KS 0066 or Equivalent)

+ + 5V power supply (Also available for + 3V)

+ 1/16 duty cycle

g
g
&

@ « B/Lto be driven by pin 1, pin 2 or pin 15, pin 16 or A K (LED)
» N.V. optional for + 3V power supply
MECHANICAL DATA ABSOLUTE MAXIMUM RATING
ITEM STANDARD VALUE UNIT ITEM SYMBOL STANDARD VALUE UNIT
Module Dimension 80.0 x 36.0 mm MIN. | TYP. | MAX.
Viewing Area 66.0 x 16.0 mm Power Supply | VDD-VSS | -0.3 | - 7.0
Dot Size 0.56 x 0.66 mm Input Voltage Vi .03 _ VDD
Character Size 2.96 x 5.56 mm NOTE: VSS 0 Volt, VDD - 5.0 Vot
ELECTRICAL SPECIFICATIONS
ITEM SYMBOL CONDITION STANDARD VALUE UNIT
MIN. TYP. MAX.

Input Voltage VDD VDD = +5V 47 5.0 53

VDD = +3V 27 3.0 5.3
Supply Current IDD VDD =5V - 1.2 3.0 mA

-20 "c - — -
Recommended LC Driving VDD - Vo 0°C 42 4.8 6.1 Vv
Voltage for Normal Temp. 25°C 38 4.2 46
Version Module 50°C 36 4.0 4.4
70°C - 4 s
LED Forward Voltage VF 25°C — 4.2 4.6 Vv
LED Forward Current IF 25°C | Array - 130 260 mA
Edge - 20 40

EL Power Supply Current IEL Vel = 110VAC:400Hz - - 5.0 mA

DISPLAY CHARACTER ADDRESS CODE:

Display Position

2 3

5 6 7 8 9 10 11 12 13 14 15 16

DD RAM Address [ o
DD RAM Address | 40

01
41

oF
aF

Document Number: 37217
Revision 01-Oct-02

For Technical Questions, Contact: Displays@Vishay.com

www.vishay.com
31

83



84

VISHAY
Vishay 16 x 2 Character LCD
PIN NUMBER SYMBOL FUNCTION
1 Vss GND
2 Vdd +3Vor+5V
3 Vo Contrast Adjustment
4 RS H/L Register Select Signal
5 RW_ H/L Read/Write Signal
6 E H —L Enable Signal
7 DBO H/L Data Bus Line
8 DB1 H/L Data Bus Line
9 DB2 H/L Data Bus Line
10 DB3 H/L Data Bus Line
11 DB4 H/L Data Bus Line
12 DBS H/L Data Bus Line
13 DBe H/L Data Bus Line
14 DB7 H/L Data Bus Line
15 AVee + 4.2V for LED/Negative Voltage Output
16 K Power Supply for B/L (OV)
DIMENSIONS in millimeters
80.0 £0.5
4.95 71.2
7.55 66.0 (VA)
1245 56.2 (AA)
B # e e P2.54* 15 = 38.1
3@ A e 2
P "l 30 18 16010PTH I
Il
UL DDLU E L LR DL
&1 = ;g ¥
o 1] K ==
o = L+
NP ERER ﬁ
FEEEEEES .
(Y ——
78> 2\
4010 / IJ 40.55 | J 4-9 2.5 PTH 1.6 1.6
25 || 75.0 4809 PAD EL OR NOBIL
LED - H/L B/L
HIGH LOW
H1 13.2 12.1
H2 8.6 7.5

www.vishay.com For Technical Questions, Contact: Displays@Vishay.com Document Number: 37217
32
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This datasheet has been download from:

www.datasheetcatalog.com

Datasheets for electronics components.
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Web Site: www.parallax.com Office: (916) 624-8333
W AX Forums: forums.parallax.com Fax: (916) 624-8003
Sales: sales@parallax.com Sales: (888) 512-1024

Technical: support@parallax.com Tech Support: (888) 997-8267

4x4 Matrix Membrane Keypad (#27899)

This 16-button keypad provides a useful human interface component for microcontroller projects.
Convenient adhesive backing provides a simple way to mount the keypad in a variety of applications.

Features
® Ultra-thin design
® Adhesive backing
® Excellent price/performance ratio
® Easy interface to any microcontroller

® Example programs provided for the BASIC
Stamp 2 and Propeller P8X32A
microcontrollers

Key Specifications
® Maximum Rating: 24 VDC, 30 mA
® Interface: 8-pin access to 4x4 matrix

® Operating temperature: 32 to 122 °F
(0 to 50°C)

¢ Dimensions:
Keypad, 2.7 x 3.0 in (6.9 x 7.6 cm)
Cable: 0.78 x 3.5 in (2.0 x 8.8 cm)

Application Ideas
®  Security systems
® Menu selection
® Data entry for embedded systems

i
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How it Works

Matrix keypads use a combination of four rows and four columns to provide button states to the host
device, typically a microcontroller. Underneath each key is a pushbutton, with one end connected to one
row, and the other end connected to one column. These connections are shown in Figure 1.

87654321

Figure 1: Matrix Keypad Connections

In order for the microcontroller to determine which button is pressed, it first needs to pull each of the
four columns (pins 1-4) either low or high one at a time, and then poll the states of the four rows
(pins 5-8). Depending on the states of the columns, the microcontroller can tell which button is pressed.

For example, say your program pulls all four columns low and then pulls the first row high. It then reads

the input states of each column, and reads pin 1 high. This means that a contact has been made
between column 4 and row 1, so button ‘A’ has been pressed.

Copyright © Parallax Inc. 4x4 Matrix Membrane Keypad (#27899) v1.2 12/16/2011 Page 2 of 5
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Connection Diagrams

Figure 2

For use with the BASIC Stamp
example program listed below.

Figure 3

For use with the Propeller P8X32A
example program listed below.

[ [2] 3] [A]

[4] (5] [6] [B]
[Z1[8][8] [C]

[11[2] [3] [A]

[4] (5] [6] [B]
[Z1[8] (8] [C]

[x]1[e] [#] [O] | |[x] [e] [#] [O]

BASIC Stamp® Example Code

The example code below displays the button states of the 4x4 Matrix Membrane Keypad. It uses the
Debug Terminal, which is built into the BASIC Stamp Editor software. The software is a free download

from www.parallax.com/basicstam

ftware.

! 4x4MatrixKeypad Demo.bs2
Display buttons pressed on the 4x4 Matrix Membrane Keypad
Author: Parallax HK Engineering

{SSTAMP BS2}
{SPBASIC 2.5}

row VAR
column VAR
keypad VAR
keypadold VAR
temp VAR
DEBUG CLS

GOSUB Update

DO

Nib
Nib
Word
Word
Nib

GOSUB ReadKeypad

DEBUG HOME, BIN16 keypad, CR, CR,
BIN4 keypad >> 12,CR,
BIN4 keypad >> 8, CR,
BIN4 keypad >> 4, CR,
BIN4 keypad

Copyright © Parallax Inc.

Variable
Variable
Variable
Variable
Variable

space
space
space
space
space

4x4 Matrix Membrane Keypad (#27899)

VAP
———AAAK—S PS5
——— A Pa
———————<P3
—— {1
P
P
7
<6
[ 5P5
e
3
<SP
e
o

for row counting

for column counting

to store keypad output

to store old keypad output
for polling column states

Clear Debug Terminal
Display keypad graphic

Read keypad button states

Display 16-bit keypad value
Display 1lst row
Display 2nd row
Display 3rd row
Display 4th row

4-bit keypad value
4-bit keypad value
4-bit keypad value
4-bit keypad value

v1.2 12/16/2011 Page 3 of 5
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IF keypad <> keypadOld THEN
GOSUB Update
ENDIF

IF keypad THEN
GOSUB display
ENDIF

keypadold = keypad
LooP

89

If different button is pressed,
update the keypad graphic to clear
old display

Display button pressed in graphic

Store keypad value in variable keypadold

S [ Subroutine - ReadKeypad ]
' Read keypad button states

ReadKeypad:

keypad = 0

OUTL = %00000000

DIRL = %00000000

FOR row = 0 TO 3
DIRB = %1111
OUTB = %0000
OUTA = 1 << row
DIRA = 1 << row
temp = 0

FOR column = 0 TO 3
INPUT (column + 4)

temp = temp | (INB & (1 << column))
NEXT
keypad = keypad << 4 | (Temp REV 4)
NEXT
RETURN

oS [ Subroutine - Update ]

Initialize IO

Set columns (P7-P4)

as outputs
Pull columns low (act as pull down)
Set rows high one by one

Reset temp variable to 0

Set columns as inputs
Poll column state and store in temp

Store keypad value

' Graphical depiction of keypad
Update:
DEBUG CRSRXY, 0,7,

UESE R et LR ACRY
" | | | 1", CR,
Mp———4———4-——4-——4" CR,
il | ! | I",CR,
Mpo——4-———t+-——+-——+" CR,
A | | | IS, CRY
" ——t———4-———+-—+",CR,
3 | I | "/CR,
M-t e —— gl

RETURN

N [ Subroutine - Display ]

' Display button pressed in keypad graphic

Display:
IF KeyPad.BIT15
IF Keypad.BIT14
IF KeyPad.BIT13
IF Keypad.BIT12
IF KeyPad.BIT1l
IF Keypad.BIT10
IF KeyPad.BIT9
IF Keypad.BIT8
IF KeyPad.BIT7
IF Keypad.BIT6
IF KeyPad.BITS5

THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN

DEBUG
DEBUG
DEBUG
DEBUG
DEBUG
DEBUG
DEBUG
DEBUG
DEBUG
DEBUG
DEBUG

CRSRXY,
CRSRXY,
CRSRXY,
CRSRXY,
CRSRXY,
CRSRXY,
CRSRXY,
CRSRXY,
CRSRXY,
CRSRXY,
CRSRXY,

Copyright © Parallax Inc.
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02,08, 1"
06,08,"2"
10,08, "3"
14,08, "A"
02,10, "&%
06,10,"5"
10,10, "6"
14,10,"B"
02,12, 0"
06,12, "8"
10,125"9"
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IF Keypad.BIT4 THEN DEBUG CRSRXY, 14,12,"C"

IF KeyPad.BIT3 THEN DEBUG CRSRXY, 02,14,"*"

IF Keypad.BIT2 THEN DEBUG CRSRXY, 06,14,"0"

IF KeyPad.BIT1 THEN DEBUG CRSRXY, 10,14,"#"

IF Keypad.BITO THEN DEBUG CRSRXY, 14,14,"D"
RETURN

Propeller” P8X32A Example Code

The example code below displays the button states of the 4x4 Matrix Membrane Keypad, and is a
modified version of the 4x4 Keypad Reader DEMO object by Beau Schwabe.

Note: This application uses the 4x4 Keypad Reader.spin object. It also uses the Parallax Serial Terminal
to display the device output. Both objects and the Parallax Serial Terminal itself are included with the
with the Propeller Tool v1.2.7 or higher, which is available from the Downloads link at
www. parallax.com/Propeller.

{{ 4x4 Keypad Reader PST.spin
Returns the entire 4x4 keypad matrix into a single WORD variable indicating which buttons are
pressed. }}

CON

_clkmode
_xinfreq

xtall + plll6x
5_000_000

0BJ
text ! Parallax Serial Terminal”
KP @ "4xk Keypad Reader’

VAR
word keypad

PUB start
‘start term
text. start (115200)
text. str (string (13, "4x4 Keypad Demo..."))
text.position(1l, 7)
text. str (string (13, "RAW keypad value "word' "))

text.position(1, 13)
text.str (string (13, "Note: Try pressing multiple keys™))

repeat
keypad := KP.ReadKeyPad ‘<=~ One line command to read the 4x4 keypad
text.position(5, 2)
text. bin (keypad>>0, &) "Display 1st ROW
text.position(5,3)
text.bin(keypad>>4, 4) "Display 2nd ROW
text.position(5, 4)
text. bin (keypad>>8, 4) 'Display 3rd ROW
text.position (5, 5)
text.bin (keypad>>12, 4) ‘Display 4th ROW
text.position(5, 9)
text.bin(keypad, 16) "Display RAW keypad value

Revision History

v1.0: original document
v1.1: Updated Figure 1 on page 2
v1.2: Updated Figure 1 on page 2 (again); updated BS2 comments
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