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The project of Overhaul the classis dynamometer phase 3 aims to improve the
roller dynamometer located in Mechanical Engineering Laboratories at Naresuan
University. The main progress in this 3rd phase include testing the Magnetic pickup
sensor and load cell which are used to measure the roller speed and torque. The
Arduino microcontroller was used to interface the signal between sensors and
computer. The comparator circuit was used as a signal conditioner before interfacing to

the microcontroller. Then all signals were recorded and displayed in the computer.

Abstract

Results from this 3 phase show that two main sensors which are Magnetic pickup

sensor and load cell are functioning normally.
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fatiu Eddy current Aszunganuseumeainidayldaunsaldaulalusreziannenuiuile
a % a 6 d‘ b4 % g a s a dyl k%
Wisunulauiludimesiuu Eddy current Nisguneausounisnn launluilwesyiaineuldaiu
foin1sguUIAsEI0819tos 1 w1¥ Eddy current Wuaunsallnihudnunainlufinldnszualndi

Juseuauidndudimdndsdasiaianisluresiaulufinesuandiiudgun 2.4

3 T I i

7 ~
e t"f/ o -
> L —
¥ i |
' DR :
| ey \
a4 -
| | , - |
b ™ "\ |
: (1 )
; \ - ‘ N
| - -, 1' 1/ y ”
& £ \:\ g |
| - £ i
| \ < A '
{ 7
| \ > & |
|

sUil 2.4 Tassasrangluvedlauluiivosuuy Eddy Current Brake [2]

a A

2.2.2.3 laurludwasuuy Friction brakes [33] 1380803031 Prony brake 14
ninnslunisasaussiunismgulnelfusadonnuresiufamidudasenitaununyures
lnulufimeslnoussdtansasususaiumanguldiudoniusds mildndwinfiaduan
navugaiusTEEieaInangudnainsnyuiagaiutimiin tnefodslaulufivesiuy

Friction brakes LLamﬂiﬁLﬁuﬁﬂgﬂﬁ 25
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Uil 2.6 segnsvedlaulufiinosuuy AC Motor- Generators Wag DC Motor- Generators[1]

2.2.2.4 launludiwaswuy AC Motor- Generators, DC Motor- Generators [1]
Wulaunluiinesuszinvueinesfislnuaisnsauansiieainysziamdy esandueaaunse
vi1alusUuuy Absorption Mode uag Driving Mode 161 Tngussdndildlunisiusnaiuisg
dnduluguuuuvoanszudlnih dslauludinesvindundsnurasusdaargninluislusuuuy
vawmdnuanufou laulufwesviatannsadasussinlutaausdasiig ulufausadngs
wazannsalinudeidenduszeznannlddninlanlufiwe snnussian dsiegswedaunly
fimosiia 2 sianandliiiusagud 2.6

Y Ay

2.2.3 ayudantaidevadlaunluiwasudazuiin

a

311015799 2.1 laulufiwesudasyinidefuazvodeuazgannlunisiiaun

\ oA v A v v

wanensiueenty uwadeimleudufenisaiawsaiunsvyuiveriiiiinusede louluimes

I3 A4 A U oa = =g v a a = s Y] % a sala v
Lﬂ‘uLﬂ3@\11]@'Jﬂﬂu@ﬁuqsﬁﬂl'ﬁ?ﬂﬂﬁgﬁWSﬂ'TW‘UENLﬂﬁ@ﬂﬂum IﬂEJ‘V]'J‘hJLLa'ﬂﬂu’]IﬂJlle@ﬁV]u%Jiﬂ‘m\l']ﬂ



- 2 a s = a =i o @ ] % v o

Nanfe lauiluiiweosuuy Water brake Lo nisiafign vrgssnwrdrewarldnuladeiie
Weuiulawlufiwesyindu uwilitadsfonisnovausdenismuaulnanroudndilieisuiu
lpulufiwesyindu d1naafsmusimsilunisaivgulvan loulufiwesyia Eddy current

a ] v A A & a saa ]

wag Motor generators figawitluauil iesmnilulauilufiwesninisnevaussenisniuny
anfisiasuasiinisnevausnelnaninisildsundasiiniuniietesnin 0.1 Jundl (Eddy
current) kaz#l 0.01 U9 (Motor generators) [27] Tudruvesnisidaulaunluiinesyiia
Water brake wag Eddy current fouleialdualudiuaes Motor generators Joulaly
el URNTS Wesnnaunsavedeunuuaziduald inszdanuudluguasnouaunsonIuisn
s0UAN9 199 wazaiunsadinassundunauunldlvale wadeidefeauisaldvageulaly

AusaseuTiliaayin Eddy current uay Water brake

AN5199 2.1 LanstanvaLdsvaalauluiitrasidazauils [1]

AuaulAvaslaululiines ANAINIIA

USunauusssdiansnsanaaeuls 1x25053

ANUERNIAUM SNAEDUTITOURN 4~3>2>1

w@desanwlunisnageu 4>2>153

ANILEIEIE 1%253>4

AT NAIUALGUVATTIE 4> (1,2,391kaile)

NSABUEALDINBNITATUAY 4 (0.01s) >2 (0.1s) >1(0.55)>3 (1.0s)

ANNARNIolUNSYIREeUT 1,3,4 gunsnudeiiloaszenauly snu

szuzaTinollos Eddy Current Brake W& Friction Brakes fiszune

ANNNTBUAILBINA

A519u59du 4. Motor generators Jufiessiaienfianunsaasn

wsedule
NUBLNS 1 fip Water Brake

2 fio Eddy Current Brake
3 A® Friction Brakes

4 A® Motor generators
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2.2.4 loulufiwasuuu Eddy Current Brake fivinnsanun

Taunlufiwmesalainnis@nwndulaunlufimesyiin Absorption Dynamometers
Usgiaw Eddy current brake wiiaiildnissyuieanuioumueinia dsedniglueiasufuisinis
AMNTIUATBINANN NG IdBULIARTAUT 2.7 Wuesesiausuidinduindeu 2 de 8%e Dyno

¥

Max sutszanadunisdndeusesid 2543 way Eddy current ﬁl“e’j’agﬂajuaﬂ?jﬁauawa;ﬂamq
wadanegdaidaddinsisuiisuainguiansueniulaulufimesviafoafuiuise
Dyno Mite 1899710 WS Dyno Max hjﬁ%’a;ﬂaﬁamWiaﬁwméﬁﬁﬂéf nmsnudeyalauily
fweasnuilesilulauludwesesiin Eddy current agldusssuluinnszuaaduuuin 240-volt

60-Hz (or 50-Hz) AC (Juunasdnendeaulsiiu Eddy current

Ui 2.7 launludlinesviia Eddy Current Brake mglupiasufjifinsiminssuniaanag

URINYIAYULSAIS

Eddy Current Brake iulaunlufimasfilindnnsvesnisassauiuudimdnuilentin

A v A A v & a ~ o v % | I
wWaduksavyy vielsenlainduusnluiieianilanasnauswusnaisauiuwiindn Eddy
Current Brake seuinevianuagldinisduianuiafaiuuazfuiliils asausiiviniinsgyireiu
neluwes Eddy Current Brake agUsenaulusmsvnainiaznateiavaainnialy Eddy current

azvinuilaiinszuwalwinluaudsswaalainaunukdwdnmderidunisly wazwaeda

D

[ Y oo < v Y I o w o A = ¥ =
‘VI’TVi‘Ll’WlﬂﬂLﬂ‘UWﬁN']u‘W‘l@@U']ﬂLW’d']ﬁ\‘iﬂ']ﬁ\‘ill']EN Eddy current bUBULIINTUNTINH ULATULI

)=

neuazviliunuimamyy deliAnusedainiufignBaves Eddy current U3inAnBaaz
load cell FfuirTauseifunadniveausedt Eddy current nszvin launlufiwmessiniilu
in3esflofnuszAnsnmussniessudlnonisdnasinisindeuiivessasudludnuzyednis
indeuflaiionss Insazilgunsaluaziwuweslunissunardsdoyailiannismaaeuesn

TauNudiwas A9mn5199 2.2
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M13199 2.2 gunsaluaziwueslunisiudeyadmiulauluiiinesuuy Eddy Current Brake

Javasgunsal ANWENITIINNIY
Magnetic pickup sensor Input
Load cell Input
Eddy Current Brake Output
Box control Controller

2.2.5 wann1svinauvasgunsaluaziuisasudazyin

2.2.5.1 Magnetic pickup sensor e LuiwasiiTaaaudisavldiuiniesin
LLNﬁ’]LLUUQﬂﬂ’g\‘i Tnendnnisieudedefinnsgienssualniiilien Maenetic pickup sensor
wiaUsINgnIsal Hall Effect* [5] uazasmamuudmviniuan Wethlfasdludududes
annas degnnasandulangiddnsanduiiuiior ssuiaiignnisesleuilufiwe fmpuluasie
nsindeuiivesiiuilosazaziianismioniaulivinveusugesiaziAnnisudsuutas

vouussrulilih ludnvurvesdyaal sine wave sguinuunsinamuuandliiiudagun 2.8

voltage output

voltage output LT
o L1 ]r
\ T magnetic pickup
magnetic pickup sensor
sensor j !
ground ground

g‘dﬁ 2.8 LAAINIIVN9IUYDY Magnetic pickup sensor

a

nugmn* Usingnisal Hall Effect Asdsingnisalnussyimdouiitudngsiaii lu

Y o

a aa 1 [ é{' a LY ' y y = [ [ Y a 1
UIIUNUFUINBU LRGN maauwlﬂiwﬂuaguuﬂﬁmﬁwuwammmm ‘VI']IMLﬂﬂﬂ’J’]SJG]'N

9

Andlniinszninsansilavaasiiun Feausadinle
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gﬂﬁ 2.9 u@ns Magnetic pickup sensor @msulauiludimesiuu Eddy Current Brake

N3UT 2.9 suruldindedameniluiewmyuluagyinli Voltage Output aziin1s
a < [ o dl' = v 1 v P = = A
wWasuwlaaludnuarvasgnedu tne 1 gnaduilsudunaissiduiluiledinisadeuniciiu

WULYDS

2.2.5.2 Tnaawad (Load cell) [6] Alidmiuindostaussinuuugnndsaslueinis
UFtRnsImnssuiaiesnatiu Ao aawaduuuanIunag (Strain Gauge Lode cell) Usziaw
Single End Shear Beam TaenisldaiuagiinnisinaslagBadaresunislifusngu uagdn
Frumilasianildlunsiuusinadegui 2.10 Tnelnanmadussaniagdonldunluetesdiods
drunsinag [44] e?fﬂwamsaaéﬂizmwffa]zmmaawaqmmmw%LL'ﬁﬁﬂﬁagﬂugULLuwm

w59n Ul Le

_~.  STRAINGAUGE

. - 2

DELICATE WIRES

CONNECTOR

COWHN P
e STRAIN GAUGE

STRAIN GAUGE

5U# 2.10 Ivanwaduuuainsuing (6]


http://1.bp.blogspot.com/_UUio0zZEymY/TF2B1lWP2ZI/AAAAAAAAAI4/PG7wdVLRAaA/s1600/loadcell.png

13

[ o 13 dydl A g v o a .
nann1syNuedlrangaduszianilae Weluininuinsgyin AnuATen (Strain) 2

Wasuduanusrununsinindudadiulaensaiunsaiuinseyin Ineunandlsinayldamnsuy

& @ r-ﬂ‘

WNIUNITTALSIAUALUTINATIUIUN 4 67 MW@@INEULLUU‘U@Q’NQiU%ﬂ% fagun 2.11 1ng29as

U

[
IS o

wuuUIndagiaulagldndnnis usadauna (Bridge Balance) dandnnisiiagyinlvnssualifin

a1 s
nelusasiiandumued
ANTULNDN 4 fituszgnieusaiimeiuiieldlunisulasssinssiniudilvan

waalinaziuussnanionsis lngavyinisdsdyarneonundunsiulnin Tnenussiulnin

o

agfivihodu mv/V nuneaudn ardneunssau 10 V IsiuTnanwadiid Spec 2 mv/V flvan

(% '
¥

gean auyddndluanasgaidu 100 Alansy dawdeliusenszindelnanigadiumin 100
Alansy wsssundalanazwinnu 20 mV [46] lnenisanelasauilayldlnaseasd (Load cell)

%o Kelba - KA 250 [6] Tunisinwn LLamﬂﬁLﬁuéﬁgﬂﬁ 2.12

/X/’ EXCITATION +
3G1 ‘§’ 5G3

‘&) OUTPUT +
7 AN
s % SG4
EXCITATION -
OUTPUT -

JUN 2.11 MsiansuinanselugUiuueasuiag [45]

sUTl 2.12 Tnaniwad (Load cell) Bvfe Kelba - KA 250
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o

2.2.5.3 Eddy current brake \Jugunsalfiviiliifinussdiunisiadoud lnoazld

¥ ¥
= =

nszualvinasnsauuudndnIunndanssinunisnyu Iinaduazduediuusununssualuilii
F1gluds Eddy current wagiianisaanendaruaauiiinannismvyuldidundsnuanuiou [2]
finannisvirnuediedusssaliidesldlninszuaaduidudinuaunisyiisuaes Eddy

current brake Ima’«amgﬂﬁ 2.13 9zl Eddy current brake fhnsdnw

U 2.13 Eddy Current Brake mglueiasujifinisimnssuiniana

2.2.5.4 Control unit yimhillugmveanisiudeyauazdinisAmuiumnsuuain

w3 (Sensor) ngavilasAusenaunane faguil 2.14

|
|
! ¥
Magnetic pickup
Load cell - - —
F 4
|
T —

JUN 2.14 unudanisvihnuvesnisaavaunsvieulauluiines

{ o v

Tmenilwues Load cell way Magnetic pickup sensor {uwulgasnyinninngu

Toya (input) WatluidnszuiunsAuInnigly Control unit @9 load cell agdstayaidn

Y

u1gs Control unit TugUuuuvesdy g iafdneanansualunilsilaniuiay Magnetic pickup
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sensor badedayalusuuuuvesda i sine wave WavQn3993v818d gy Y104 Op-am
Comparator wlasguuuuvesdaysyueanuaglusukuy square wave TneAiuasuulasie
mm?ﬁaaé’ﬁgmﬂmLLamma‘LugﬂLmemﬁfs Alawnssiadalus (km/hn) Tudruwes Eddy current
Mmsiuinegiarluszesd 1 wae 2 16l 55u wudh Eddy current brake 14lwihaunn
220-240 V @50Hz %38 60Hz 1uunasdnendsundnuazaiuaualsdyqyin PWM 910
Arduino \fJo¢31n Arduino Lﬂu’sﬂﬁlﬁﬂ’mﬂuLLUULL?&ﬁNIWﬂ’]ﬂi%LLﬂﬁ;’] (5v DO) ﬁqﬁqﬂﬂszﬁﬁuﬂaq
Fyaaauauan 5v De 1y 12 v AC antuldlfussiulniieunn 12 v AC Tuaauaulng

awesiieusuravaussuliihaun 220 V AC

v < YsVUTIAANNE" LU0/
SUAIANNLTLLED S 397 ey

YUY YT

dsdeyayraunilaliin

Lgsguniain Uszalana

ABINISARUAN

JUT 2.15 dviunmsvinuvestauilufiines

NJUT 2.14 wazguil 2,15 nssuAman@ugeasineg azanunsauutilu 2 dnwugy
A Digital signal [7] way Analog signal [8] TeANLANAUBIEY YU 2 FHALERSALTILAS
U7 2.16

n. Digital signal [37] Ao deyraunsinihitlufinusefiowssayanasdauinves

g7 Q

Ty uupunngegauazaiianiaus lnenaluazunuanuzvosdyaondy “0” wag “1”

S8

Weyaauiidseonunazidua “0”,1” wialln - Un
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L ¥ 1

v. Analog signal [38] fia sUULBIE g udYaLUUsBLiles In1siudeunlasuuin

o P Y} ~ P = A ) o a |
suaqagyzywmmwﬂunmmﬂaauwaﬂlﬂ 949N N1TUABULUAITDITEAULTIAUNNANDNIT

WARINAYITRYA

~ D A NAANAN
VAVEVAVAVAY,

Digital J l | l | | | |_

a ' [ aa <
E‘U‘VI 2.16 ANULANAINUYBIFYUIUAINDALATBUINDN

2.2.6 NMUTUUTINUMNEYRILAZVE T YIMNNIANITUDSIAasTiia

FUQIUNUIINYULEDTIIUIL 2 G2 Ao Inantwas (Load cell) uag Magnetic
pickup Sensor WlalBugasdidnIneanuInaulIziIAlUlIdnIEUIUNITATUINLADAIY

wiugvesszuudwasdintsusulTsdausEenay

2.2.6.1 Tnaawwad (Load cell) Ao gunsaiiildlunisvdsuainussvdedimdng
nsvvidelnanwaddudyramialiil (9] wiilssndyaafisenuiainivanead (Load
cel) Tnamsa dedussiululiaidandosnn maﬁ%ﬁmﬂ%mwﬁ’uﬁqé’aqméi’mqwuEJ’]EJLLauwﬁgﬂ
(HX711 Amplifier Module) ugaelunisaenauseiuliiiveddvanead Srnasinaiiee
thundeusefulnanivaduay Arduino Board fagUfl 2.17 lnefueinildaruisasesiu
wsaslniinnszuanseldfaud 2.7V - 5v mm?{qquﬁ 80 Hz [18] wazdmuvieaniduwuu
Manea [19] Faluiidaviunldouiinsdu 3.3v WAEINILUIATVYIULBUNAYA (HXT1L
Amplifier Modute) Wluldnuaseuiulamniuiiwestuorseniudedinuesas ownils
yhmsfinyaniiy snaglilaulufime fannsaveldogausiug 1asvesueunagaiflids
foyavaslnaniwadasiiossesiunuiiogietos 1000 Hz wastiumngdmivldlunismaaes

AN55UAYRA L RAARLVINTIY



17

gﬂﬁ 2.17 vasauazisasenedanalnanead (Load cell) [20]

2.2.6.2 Magnetic pickup sensor %38 uLgashinan wuwasussinniagld

nannsnswtleaumnsliinlunisdedaia Fedniandiesnuituaziinswulninfisies

¥

1%
£ =

Y

Tugrenisiuasuniasdas fadliad (107) 3sldgunsaldidnvsedndfdivedn Op-amp e

wsssiulwlin Op-amp Wugunsaidiannsetindfanunsasanuuulmssiitoulunndinmansla

Far993ladnunlysaunu Magnetic pickup sensor AB2933UWUY basic comparator Wag non-

inverting hysteresis comparator kg Op-amp 1ag Op-amp 7itanldasduluna LM324 &

meluagUsznouluiig Op-amp 1w 4 63 fguil 2.18 wagdsgnuauildau fsgui 2.19

QUTPUT 1

—-INPUT 1

+INPUT 1

V+

+INPUT 2

-INPUT 2

QUTPUT 2

NS
1 14
2 1Z¥§& ‘4éEi:13
3 12
- 1
5 10
: J‘t;7 ‘{%5;L 9
7 8

TOP VIEW

Ul 2.18 1C LM324 [30]

QUTPUT 4

—INPUT 4

+INPUT 4

GND

+INPUT 3

-INPUT 3

OUTPUT 3
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Basic Comparator comparator with negative feedback

45V RS
A
: 5V
R3
¥ R4 R&
Input s
i AN . L
33 Out put
/
Vref
R6 R7
R1 R2
_/\N\f—'
vref 2 AAN——

g‘d‘ﬁ 2.19 23935 Op-amp Comparator Circuit

N. AMANTAVDIIIAS

n.1 Basic comparator [39] AD9TVEIULTIAULUUTITUAY (E‘U'ﬁl
2.19) @WN50LEADNUTIAUD198Y (Vi) Tunisveedeygyralaiiissanien lnada Op-amp 9zl
Fouluda 1o Vin < Vi 9218 V., F= V) Wazddlo Vi, > Vi 98060 Vou=Vasy é’fﬂgﬂﬁ 2.20
nnewme* = usasuliinves output

mnews* = ussiulniives input

+V g

+ 1""‘""“'\.
‘ r
~ "
\II:I;C 1 ‘_;". '._‘_ "|_‘I." cF
/ ™
|
O‘ A
. T
| )
Vour saturation
= time
Vin< Vrer Vin > Veer

5UN 2.20 dnwgn159119IUY893995 Basic comparator [40]

n.2 Comparator with hysteresis [41] 9¢3lanwzI99956033U

= = 2o v A = v Y a Y] v
N 2.21 ¥IWITU AD 'NQiﬂJEJ']EJLL?\‘WIUV]ﬁWN'ﬁﬂLa@ﬂLLiﬂﬂuaqﬂaﬂiuﬂqﬁmﬂqﬂLlﬁ\‘i@lu V+ gy V- ‘lﬂ
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1Pe7ILTIAUD1999938 2 A1 TIUTIAUNYITINA oy = +Visy 158071 Vi W8E Vo = -Visy 158070

Vo, B9@101509bAR1NENNTTN 2.1 Lay @Unsh 2.2

R1 (2.1)
Vopy = % (+VCC)
R1 +R2
Rl (2.2)
Vo, = X (V)
Rl +R2

gﬂﬁ 2.21 21995 Comparator with hysteresis [42]

2.2.7 NMSATUIUNIIVARATIIIIN

Tudrmesnsannaradudnuiithamsafisuaneugesilumuumeaiusla
(Torque) LLasai"lu’JmaUﬁ@Jﬂﬂ?TqmgmﬁammLLiqﬂW%@ﬁﬂé’q (Power) vaaA3asuAfiviNTg
NAZDY

2.2.7.1 ussia (Torque) [12] Ao HavasusafiunszyiuaglAnn1svigu dvie

Wudhduwns (Nem) mldain

F fie usannnszviveingluiiasaainduiativeanisvsu (N)

r Aa Saln1svyuvesingieanuss (m)
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FasanazirunlolunisAruiaazinuianuameas (Load cell) Adnan

panUariAlnIITVUARIYEEYIaRdNanYas (Load cell) waranAudna1avad Eddy current

9 Y

VIBNAMYUYDIGNNRIRIFUN 2.22

JUN 2.22 wanan1sinudeyaiiveinundwinmuside (Torque)

A v Qy A
wUBLHe r Ap SFlTegNNas (M) , C AB gAY

2.2.7.2 434931 fa AMUaNANaIweaATateudlasduNanaInLsdakazAILSIsa U
YBINTYULINIEAD Watts 50 HP 1 HP fid1iAu 735.5 watts [14] aunsafiuiadlaain

AnNsh 2.0

— (2.0)

log?l @ f Anusudeu (Rad/s) Fsamnalaainaunisil 2.5 uazaunis 2.6

® - 270f (2.5)

1 (2.6)
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HE
T Az anunaiignadu 1 gneduldlunisiedeud (s)
f fio Audfiwwwesiala (Hz)

n Ao Iuiluresgnnds (gnndsildnuegidnuinituegil 96 fsu n=96)

LLazmmL%'maaqﬂﬂéammsaﬁwmmiéfmﬂaumsﬁ 2.7

v =Qr 2.7)

NG
~ < &

v A ANILTIVRIRNNEAY (M/s)

r Aa SAlvedgnnaa (m)

AdldaInnIsFwInisazissdn szgninausluguuuveinwiisuiuaug,
Wauvasgnnanazdsdysiansinihludsgunsalndeanisaiugy

2.2.7.3 MIAMUIUMIANUDNAT08IU993 TignlFluganITAIuANNITYINUTEY
Eddy current brake low pass Filter lagasasasnaniagyanlvdygyrunciulalitfiuaiiun

M [25] @aunsamunalaannaunisn 2.8

f = (2.8)
2TRC

f A9 ANUDVIIPAUNAAHIY (HzZ)
T A9 ANASNIALYINAU 3.142
R Ao AAuA unIueasIs Ly (Teviv) Tuiidagled 10 Ka

C fio Armnuguassiudsey (F) lunfiagldi 0.1 uF
2.2.8 ANWAZNIIAIUANNITEFNTTUAWTENIN

1NFUN 2.23 UansEUEN15NUlneTINYeINIANITAIVANNITINIUYDY Eddy

current brake Mignasisululassunisuiusauasesinusaissesi 1



= AWA
Arduing NN
mm RC Filter, Voltage Unbverisl Crydom I Eddy
— — ¥ ourren
UKD R follewer Low pass filter phase angle =¥ ME0S012F I
barke:
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3U# 2.23 szuunsmivaunsasslvaaliiulawiluiines [47]

Tudiun15A3UANNI9191UV 0 Eddy Current Brake H74950115AUANNITINY
nszuallagnisld Pulse Width Modulation iushanuaunissieau Gsanansamunulilnenss
Pndyerau1oaniuy Digital Tuuaia Arduino lnenisvingiuAeusuanuniwueswad (Pulse)
Fednwazveaussiulitindugnaauuuudvass eauniiswes pulse lWasuuswuLRALT
daoanuasLUABURUAIRIY VUNAVDIVBIFY 10 PWM Jeiliaran1sniuaLUIuIunsEatni

wdeNIglvinu Eddy current brake

4 ], o s [ M
s 35T M R Pet U

Type

Time (5)

g‘dﬁ 2.24 LAAIUANNITNIUYBY PWM [11]

INFUN 2.24 auy@ngns w1 Aen13anewseiulnidifn 90 % sy 2 dn1san
AuNIvesiad adluil 50 % uazns a3 Ao 25 % zwiulainnieluy 1 3uil 8 Pulse oy 1

an duAeAuddinsiiog 1 Hz wirdunnns vl wilin1siudsunuaininuninewes Pulse lng

pUsgasAlunisasedya o PWM ieauaunseualnilfnanelviiu Eddy Current Break &dlu

1 [

d2un157191uve9 Eddy Current Break tunslalniinssuaaaulunisyineu uadeygiuiun
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91N2993A7UANINUBSA Arduino tunszualnilinszuanse 39lald Universal phase angle
trigger module Ao "n3awad” (Thyristor) vmsdriduaindnislniigsznevluged
Anode , Cathode way Gate é’w’qgﬂﬁ 2.25 e‘z"fqawmsaﬁ']LLiaé’uIWﬂm%mmﬁaalﬂmw;u
wsssulwihussdunnldlasfiussiulnfihfasinmnauauagndedniuda Gate wssuiidesns
auAuazgnilaudfids Anode uar Cathode lnefifiiouluuas Gate Aodosiinszuaiidnely
Gate unnninszualgans (holding current) [43] dslusamesurazlunassiinszualoansl

-

LNINY

o}

Anode 0 Anode

Anopde *
&3
rd
Gate (rate . “MEL‘I
O O : o — Q2
Cathode d-\ Cathode /A Cathode
A Ly L
SCR structure SCR symbol SCR equivalent cirguit
Electronicspockethook. biosspot,com

5UN 2.25 viann15v1uYes Thyristor

maimwuﬂ%’uﬂqu@%ﬁmLLiﬂﬁﬁwsﬁ 1 uay 2 wud1 Universal phase angle
trigger module ié’ﬂﬁi’féjﬁgzymgﬂamm?iwLﬂuﬁfymwmﬁT%U%Uwxlmamméfulﬂﬂwmm 12V AC
Lﬂué’zyﬁyﬂmﬁgﬂﬂ%’mw\m Universal phase angle trigger module anunsainluldauld 2 uuude
nsldamunuy Full wave Gfifonsufumtarosussiuriussduilauan Hsauuaguuu Half wave
Aomsufuanssiuameiliuan Tuiitldldauuuy Half wave fadu asfussfuaneiuani
ponanguUnsnivding Teiusediu Gate slinaumdon ndInTuLTITULUY Half wave 12V AC
nilAIUANLIITUILIA 220V TAguseAuuIn 220V A8gnuTuianIunseny Half wave

Y 9

12V AC
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2.2.9 asunisvinauveslaunludivasuuugnnis

Box USB port
control 1 —
Magnetic pickup —_l Load cell
sensor Wheel test Dynamometer

5UN 2.26 unudalngTIUT00ATRIALIELUUgNNRY

INFUN 2.26 1n3eviausaiiuugnnaswila Eddy Current Break fignuiudsanailu
seeedl 1 uae 2 Hesdusznavlunisvinnunans eg 4 du Ao N155UAIAINWULLRT N3

o I3

UFuusiedyainannwuees drunisdiuin wavdiunsdsdyaialumuaugunsal Tudiuves
n135ueniloy 2 WuLweasAe magnetic pickup sensor LaElNAALYAR QNVYILUIIAUMIEIIT
Comparator with Mé’ammffudaﬁTﬁ:ﬁmisumaé’mmmué‘ﬂﬂﬁmammmLmﬁm (Torque) Wag
usssh niudoyaazgniufineglusUuuunsivitsufunmnsivesgnnis ludruweanisadn
Lsa¢uA1INLY Eddy current break 9z3137nU%A Arduino @513 PWM 2 ndugnuias
Fyaadiegluguuuuves square wave Ty triangle wave 1lufuilassussiuludia
nszuaadUYLN 12 V wazth usaduune 12 V Tuauauussiulyliheun 220 v AC fisneliiu

Eddy current break



uni 3

YUABDUNITAWTUUIUY

lnwnlufiwesmelusiasujiinisimnssuasenalanniidunisuslsmvamun 2

A

seey Pan1sUTaUgesseen 3 Udildlasadanisinuludiuvesgunsalifivey fie lnanwad

U

(Load cell) uag magnetic pickup sensor wailaiinsiUasulgasvensnaundynvesivan

Wag LH9991N393 9 ANIANTIA tnetUAsuanldaasveneueundyn (HX711 Amplifier

=2 [ aa

Module) Unu2995LA0 F9.UU995818dy Y uniln1TdItodauuuiinea wasIes

¥
Y

Comparator e lgvenedyey10491n Magnetic pickup sensor ludruiigIavinlaviinas

naasansldnumuesidiaunsaldnulieguiold waglafinnivdeyaludaenisiu

toyaanuwesie lukvaulalulasenuiiawisaditeyaluimmiselula

3.1 M3udagaaInuLwas (Input)

n13suteyadnuesdmsuinesinusaiiuugnnisiia Eddy current duazuUs
sonlu 2 drumdne TunisihdeyadunldUssuiana Ao Magnetic pickup sensor ke

Load cell

o e

3‘1]‘17; 3.1 Magnetic pickup sensor [32]
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3.1.1 Magnetic pickup sensor

NFUN 3.1 wuwesyliallAotwuigasnisliiindndnnisvinnulaely

'
o =

auuuddnniieniiuingnidulavedsdygyrneenunluguuuuusaduliia Tundldly

9

Magnetic pickup sensor 848 RS Pro Analogue Magnetic Pickup 10V [32] Foduwuiges
MmangAun1siuntudnuiusevresiuiiemionisvyuuasdsinilduns Tdanudieliddes
p1fBLasIITNAs Ul UMTUILe ST wUwe a1 Taas Ndy I adseanlalnade

nsdnvasaunwivaniulaveasussiudsean sanuieglugluuuvesdyaiu sine wave

GRIGII

1. szezmshndaiivanan 2.5 Sadmns

2. 9unIN$991U -40 89 100 a9 LTaLTe
3. AU 22 HaaluAT

ANSN9Y

i L

g‘dﬁ 3.2 2395Ms U Magnetic pickup sensor

Magnetic pickup sensor #ldfulauiladineislannsainnulansdiinan
TR UMD I IAEN1TRBAIATUNILTWIR 100 DLVl YUIUAUAE)IMIBDNANLTUYDS

Sa5U7 3.2

Y

o

dqyeyreuit Magnetic pickup sensor dsoonunlaenssaziu U@m%mgULLUU"Uaﬂ

nazudliinszuaadu dnuazilugnadiuwuy sine wave Aaguil 3.3
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- |

m

- UL
i =]

: ol 11 Lilti- oyl
1

] LI
;

!

i

-

i,

__“_q_.T_._._.r_.__n;'__m:LﬁFJ;. '

5UN 3.3 nsmlidudiiuansdaya1aun Magnetic pickup sensor deenuilagnsevns

YI9U

3.1.1.1 nMsundyaralUly nsasidygraiuiansuees Magnetic pickup

sensor W19le azAeuhdyaruneglugluuuves sine wave ulandudyyio Pulse

el Arduino Sudyaadagldvessudnyainaineals lnensiadyainieglugliuuves

sine wave WIlUFM9951818d QU7 Basic Comparator [16]

Basic Comparator

Input

R1 R2
Vief2— AAN— o AAN 9

31.117; 3.4 Basic Comparator [16]



28

1172995 Basic Comparator #1aiin1500nL UL TIALULIIAUD 19D V=0 Aa1iU
[ a . = a I A [ A v [ =
uNd199n91n1935 Basic Comparator agiiasdnilu 1 Wedypruiidiundaesd

WIUIINNTT 0 wag R1 Aofasumuildusimvunussiugad (V. aagui 3.4

¢ v

3.1.1.2 NMVAgaUMSINUYaLTUgasilaiuazldaunsal Al

N. Rigol DS1022CD Digital Oscilloscope

9. RS Pro Analogue Magnetic Pickup

A. 17 Basic Comparator

4. W97 Comparator with negative feedback

9. S0INTLIUBUA

2. ADUNLADIUUUNAN

Tun1sMAdUN1T%19IUV09 Magnetic pickup sensor lanaaaulagnivin

sodnseusuitulumugnniaiienndeuisuseannalinuldogrioli uasvindy
Iluiasidniuies Basic Comparator ieinisvenedamiamialiindiuesldds

Fryaeenuibviegluguuuurasdyan Pulse Welilaanudlunisvyuvesgnnis

-
"f,’;
1l

5U# 3.5 M3AnAa Magnetic pickup sensor fiugnnas

a

lun1sfnfAs Magnetic pickup sensor #agUl 3.5 wag3ui 3.6 muaaved

Y

sensor AARINIbA AU 2.5 mm Tun1sneassfidslaviinisinmalinssesUssuin 1.0

mm WSENARRIIAAUTEYE 2.5 mm wuwesa ldasnsansadudyaula


https://www.tequipment.net/RigolDS1022CD.html
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3UM 3.6 AuY1aY8 Magnetic pickup sensor fugnNas

3.1.1.3 NaNlANAIINYIINITNAABY 1182935 Basic Comparator YntAklas

ey ruiwugesdunliegluguuuuvesdyqiad Push nadnn1see Lile Sine wave 1013

P

wADUANILY 0 V 9zdnu 1 Push W3egnaduuwuy Awdew (square wave) faguil 3.7

UL
" Uil cyele

.,?‘5‘ -

%
i

6 !, * _;_y/r
T N

p

e

Fall Edge
-y )

Time S00.0us -0 .0000s

JUN 3.7 N3%119119892433 Basic Comparator

a

Tngagiiulddndudin (CH2) Negluzunuuned sine wave Walin1sindeudsn

0V azifin out put ldWAmEes (CH1) Wunsmguluy square wave Fsazaunsatiuaiud
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R!m. 'r'w - 1-&-'-.1-.1-.%&-1- m

o

il |

[

sl

i d | | :I i

_......_..‘_*._._ -l-ﬂpnﬁ._q-*.*--_.“-“.-'d-l-I-I"‘—I
1 |

E

e e = ==
188mLr Time 500.8us @+0.0000s

UYDIALY10d out put

CaN
Ch
9}
%
oo
o)
o)
-
b
=D
=
)
o)
=7}

VAN UL YR 19uT109N21N9935 Basic Comparator azgniiluvenedgyaalng

=

1935 comparator with negative feedback [17] wielvidnyimilgnadundaauningadu
1MY#17495 comparator with negative feedback vz dliioulu8$1995A8 Basic Comparator

dwrsesveneusadulniinglad Hysteresis fa3uf 3.9 Feaziiusaiudediildvaneusaiu

'
o

WREIAWNFEIAD Vier e VBIH EYEYI0UTINIA1N Magnetic pickup sensor sudyeyasu Sine
I

[ As]

=& Ao a ~ = a A .
wave YUANYULNITAARUNINIUY 0 NNAIITRU I@EJMLQ@UVLGUSU@Q'NRW Basic Comparator Vet

[

fAunadv 0 V 29953guUasdyaraiann sine wave LU square wave 91n4U dayaynad
square wave 917 Basic Comparator 981912395 Comparator with negative feedback &4
I3 Ao 1 )~ v Y a a N Y] v
\Wu399571 Hysteresis 3gilbsiu81989 2 30 A8 Vi $ag Vo L8792 818U 590 UU L1
(V) TS IAU188 NN Ve

vin (v

Without Hysteresis With Hysteresis VY
i
Vin Vin Ve
* il 1 |
t t 1 1

P =======- ]r" Vrerz 1 I
e TR S LT VL

Ve o Vout (V)

;5‘1]17; 3.9 1WSgUINBu19as Comparator 7id hysteresis waglaidl hysteresis [17]
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comparator with negative feedback

R4 R&

Input AN

2 out put

Vief

g‘d‘ﬁ' 3.10 1935 Comparator with negative feedback [17]

wueig NEdavinlalddaduniunndadudadiiuniudsualavinldaiunse
a U Y a 1% v =2 o v 3 o | o
WAYULSIPUD19D9LARIUADINTT TIAINTUNIU Ry BaY Rs ,Rs WA Ry 1 UUERTE@ILURII LAY
AULBIAIN Re kA Ry HAUAUNIUTYIIAUY Vec(+5V) 2291115 2 A9ty Ve Nlglunag
AIuAe 2.5 V IneN9asiiosndsenou f9n1597 3.1 Lasialihsanue9dd Vo e Vi,

Awnay +1.35 V

A15719% 3.1 wansvuInveIILUsluI99s

Aauds YU
Ve +5V
Rq 5.25 ()
Rs 4.48 ()
Rs 4.98 (0
R, 497 Q
Rs 4.48 ()
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! !
1 !
i !
! |
Ffes(l) =367 .6Hz
CHi~ 1.00V MMM 1.00V

JU# 3.11 1duAndes (CH1) Aedyrynuiiunain Basic Comparator WA (CH2) fg

{ey1auiu191n Comparator with negative feedback

mﬂgﬂﬁ 3.11 aziiuldindnunrvesdyn niieandanniias Comparator with
negative feedback ﬁ@ﬂﬁ?ﬁluﬁ%’mwm@ﬁu {lp1a1nnIseuAIduannareuTEEani
QﬂﬂﬁuﬁuLLazaq (Pulse In) [17] é’aﬁ?ugﬂLLUUﬁmmwmQﬂﬂﬁuﬁamysaﬂ%wummﬁa%u%dma
TWnsguavesdygiadianuududunnday vdwinduerlddyn afioenainims

7]

comparator with hysteresis LU1lUUszaRaRan08Y Arduino

g‘d‘ﬁ 3.12 136192935 Basic Comparator LAUNAT comparator with negative
feedback
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3.1.2 Load cell

anad Ao wuwosslandsiildduiunismaaeunsinansoussis Douldlu
N15NARDUAILLT 159D ITUIY ﬂ’]i‘l/lﬂﬁ’e]‘Uﬂ’]iL‘ﬁﬂgﬂ%u&’mﬁﬁ’]ﬂ’miﬂﬂ@’]ﬁﬂ W59NA
(Compression), w3473 (Tension) wazksaiiou (Shean) Tnendnnsvhanuvesiufe Wefiuse
NANTDLIIANNINTEVINABF Y f\]3ﬁﬂﬁmmﬁmmmaqaLmulmﬁagiﬂ'm’luiwamLsziaéﬁmi

Wasuwlad Tnensilasulkdasuasnnudiuniudaiunsainwsssulninidsuwladlalag

a ¢ v A

1439350303 Aedilananaliluund 2 Fdduninihfivesiulesglunsosinusaiuuugnnisd

a

13

A NSUdY Y IuiinINLsINTEinveLATosinLssiLuLanndsinaasluuulnanigad

v Y

[

sEINNIIAae viliaunsaindeyai iiuanA I AT UARAL IRV LATEIEUAT
inmaaeuseluls lnelvanwaanldnuinsesinusaiuuugnnaiia Eddy current %

MMsfnutuazlddve Kelba - KA 250 uandiaguil 3.13

AENUR [29]

1. 595 ULTINALAZIIIAslAgsEn 250 Alansu

2. wsauliinfianansnsesduld 10-15 Tad nszuansuasnseLAadY
3. usssuvesdygralniviesn 2.2 fadladdelias

JearidgaLiuAnagluIANWIN N.

5Ufl 3.13 Tnanwad (Load cell) Bvfe Kelba - KA 250

v v

[

Amplifier Module) fiagu#l 3.14 13978 o NFY g uoaniINIanwaalngn Ity

Hdygraneldihfauinfazannsansiainla Geinsesvensdyyruiuaiunsnsossu

o

3.1.2.1 msihdyraanivaawadluly avdedltiasveneuoundyn (HX711
Y

aalnifiiadinda 10 fadwendls wazazvimsidsudygraeudenlinatedu

[

iy
FuyauRdneawuuaunsy (Serial interface) [20] wazdsdyaaluds Arduino Board Lieh

MsUszunananaly
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NUBLIA TodauaTENIN HX711 fU39asAuAy Arduino axlddesdayanneu
§aAv94 Arduino Wudessudyyruaniulugiudeyavesilendu HX711 ladin1sudas

fyanaaineunaemlufinea (ADC=Analog to Digital Converter)

L
i
‘
P
i
L
r
.

gﬂﬁ 3.14 19395V818UONNAYN (HX711 Amplifier Module)

[

3.1.2.2 NadauN1sinuYaLtuwesivasiu ldgunsallunisveaausall

n. Ianleaa (Load cell)

. WATVYBUBUNGYA (HX711 Amplifier Module)

A. Arduino Board

3. ADUNIALABSUUUNNN

9. gnauwanvuIa 1 Alansu
Tunsnadounisvinnuresnanwadtuaznnaeulnonisilvanwadaedif

2ITVBLDUNEYA (HX711 Amplifier Module) wagsialugs Arduino Board é’qgﬂﬁ 3.1 iie

defoualdinauiiunes

g‘dﬁ 3.15 vasakarvsvenedygalvanaad (Load cell) [21]

&
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Pndulalusunsuaauiisulvanwansnludfivuniwagyiinisuily lnens
laAuminvesgniuismsvasidlulusunsulasluniagldgnanuun 1 Alansu wagih

Asenlunanlanaduy Arduino Board [21] éfﬂgﬂﬁ 3.16

#includs "HX711.h" -~
$#include <Wire.h>

$define DOUT A3
#define CLE B2

#define DEC POINT 2
#define STRBLE 1

offset=0;
calibration factor = 17
| real weight = 1:// kol

5UN 3.16 viinsunlulusunsuaeuiiieulvansas smluli

Wavinnisonlnanlaatasaseuseslnvinnaside 11919 Serial Monitor TusN
wazAIAT Baud rate Wu 115200 kazdidl a adlulilenel Zero Factor TUSWASUALVINNIG
Anudnasuaylivinnisaaduiindn Zero Factor Lildau (lunilfie 240405) [21] fagud

3.17

€5 COM3 (Arduino Leonardo = O x
e

Find Zerc Factor

Please w
Zero factor:

[ Autoscral INoline ending | | 115200bsud o | Clearoutput |

SUTl 3.17 e Zero Factor
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Wialadn Zero Factor wiilivinn1snegndueun 1 Alansy asvulvanwadasgy
<
3

7 3.18 97ntudIA b asluvilennan Calibration Factor wialUshknsuyinnisaauiauLasa

Seuseelvivinnisanduiingn Calibration Factor 134w (luiiliAe 8509) Asgud 3.19

€9 COM3 (Arduino Leonarda) L 0 %

| —p| ¥ Send

Reading: 1.00 kg'calibration factor: 8503.00
1000 , 1004

Reading: 1.00 kg calibration factor:

1000 , 1004

Reading: 1.00 kg calibration factor: 8505.0(
1000 , 1003

Reading: 1.00 kg calibration factor: £50&.00
1000 , 1001

Reading: 1.00 kg calibration_facter: €507.00
1000 , 1002

Reading: 1.00 kg calibration factors 8508.00
1000 , 1002

Reading: 1.00 kg calibration factor: 8509.00
Laag

Calibration Factor is = 8509.00

[ Autoscrol Nolneendng | |115200baud + | | Claroutput

—

g‘U‘ﬁ 3.19 A15u1AN Calibration Factor

3.1.2.3 wadildannisnageu azidudunaugarinendsainiinisaaduiinen
Zero Factor kag Calibration Factor 138uU3a8wan feaflaazaruisanldlvlaluniends
Tneldfaeinn1saaufisusn T9a1U150NAFBUANULLUENVDNaNYAR A LASN1STEIAT C Aad

Tienaassguanivtnilvangadaunsansiaiala fsgun 3.20
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&9 COM3 (Arduino Leonardo) - | X
| ——>| ¢ |[se |
Reading: 1.00 kg e
Reading: 1.00 kg
Reading: 1.00 kg
Beading: 1.00 kg
Beading: 1.00 kg
Beading: 1.00 kg
Reading: 1.00 kg
Reading: 1.00 kg
Beading: 1.00 kg
Beading: 1.00 kg
Reading: 1.00 kg
Reading: 1.00 kg
Beading: 1.01 kg
Beading: 1.00 kg
Reading: 1.00 kg
w
[+] Autoscrol Mo line ending + | 115200 baud vJ'I Clear output |

5UN 3.20 naanmIvaasunsiuAedvanwadmuanduuuia 1 Alansy

3.1.3 nMsauaNNsasnaalinulaunluiiines

3IN3UM 3.21 N15AIUANNISYNNIY Eddy current 154710 Arduino de@an PWM

LU§42935 RC Filter wiln Low pass filter AegU#l 3.22 199513zt Nmilouiuaeas

[

integrator Flunaansvesdnvuzdyaradudyyiugvauaenmiiouiu widiaeiy
al o v U
il

A7}
'

A9 29335 low pass filter @13130911AAIUANA W IUIT995bAAITUN 3.23 WA2993

integrator liau130MuUANYETInANUDUBId I UNUINNE9sLe 9 ntudyg e

¥ Y

Tugduwuuauwidenargnitlldmuauyuaveuswiuliihnssuaaduuin 12 V aely

gunIalNiivedn Universal phase angle 3in1sldauwuy Half wave Aagu 3.24

[]

osv | | os | [\ h
Arduing | | | | I | "
RC Filter, Violtage Crydom I Edidy

Unihversal
—p
= MSOS01 2F curTent
barke

UKD R3 7| foliewer Low pass filter phase angle

5U# 3.21 szuunismuaunsaiaivanliiulauluiines

lassunsuiulunsesinusahuuugnndsssegit]



/

R1 ouT

IC1

5UN 3.22 2935 Low pass Filter

Vsat I Input Signal

o ; - Time
Vsat ok A
¥ Y ‘. . _
D'u" ) W A . N S "f’ g*""/ DU’[DU'[ S|gna|

5UN 3.23 sULUUBRIdY10BHIUI9TT Low pass Filter

HALF WAVE VIBRATOR

HE FUSE |
(RGT SUPPLIED)

50/60 Hz

AC SUPPLY
D1-1N4007 (TYPICAL)

g‘dﬁ 3.24 Phase angle LLammimﬂuﬁgﬂ%’émﬁ’u Crydom M505012F [31]

38
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o d' . a v A y a
dyeU1uNevnaInN Universal phase angle %uaﬂwmzqﬂﬂauﬁhmﬂﬁqmm

NNtz 12 V Tumuauussiuliivunn 220 v amelugunsaliiidodn Crydom
M505012F faguil 3.25

AC —O +
H -1
it 4

T s

I 1
o A A
AC2 O -

5Uil 3.25 Crydom M505012F uazasasanelu Crydom M505012F [32]

NNUUANYULUdyn1uADenI1N Crydom M505012F 9giljusramiloudy
JURUUYDIAY Q173190 Universal phase angle Alaaziikssaulnilidsuiniesilamiedn

YUY 220 V FagUTl 3.26

u U

o n a

gﬂ*ﬁ 3.26 N15Y1191UU99995WUU Half wave vibrator

NUYNA N136197393597989270 1As91un1UTUUTRATeTnLsadwuugnnas
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UE_I_ =
—— L) [+
— = AT
VE_ FC 11 AL
.y
o 1

KK TRANSFORMER

3

iy current TS e

UM 3.27 mssirgUnsalludnveinismivaunisasisvaaliiulauiluiines

3.1.4 #5UN15AUANNNS1I9IUYBY Eddy current brake

13U 3.27 nszualnimdniildaiunu Eddy current brake Wunszualuidin
silanszuaaduLazguasaiiithanldaiuau Eddy current brake iunsasaauam Arduino 3
flussdiudioonagil 5 V nszuanss dsldanmnsailumuaugunsaiildnszualiiiussiugs
220 V lalagnss ﬁﬁiﬁqﬂﬂiﬂjﬁﬁ%a’i’l Universal phase angle ey Crydom M505012F R

¢ & ° Y a & a s o A o a s
gunsainsaaimihilulniawes Inedyaraiiuimuauuing (Gate) veslnsawas fe

3 o

[

gyl PWM 11210 Arduino ﬁr;immsmmé’@,@ynmmmma RC Filter 41l Low pass

Filter 27 FatUANNAINTAIUNITAIUNITYY LTI YR TUBL T UA QY104 PWM 91

@999n11910 Arduino
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3.2 N15gUTUSHNSUNITSUALALATUINEIMSU Arduino Board

TudIu9In 15 T 8UlUSHATUNITSUATLAENISAIUINATIN LA SUNINFLT UL DS ]

lUsunsuey 2 TUsunsu Ae
3.2.1 TUsunsuvas Magnetic pickup sensor

Tsunsunisgutaya Magnetic pickup sensor {ulusunsuniserudeyaviln
Digital Tneld#laridu Pulse In [17] WJuiladtuniserudyaraiiwugesldiinisdiun Tng
Pulse In [17] %a"mé’muﬁyﬂmﬁagi‘lugmwu Pulse fidaid118s Arduino Board Sedeyaynoudi
danazeglusuuuuvasniunm udsntuagldauntsi 2.5,2.6 uay 2.7 lun1sduiaiuas
yhmswasanfuanuiuazindanudildlusunadumiuivesgnniuasianidey

Tusunsu faguil 3.28

Fin 8 input

Pulse == 0, True True

Pulse > 0, False

False

Start calculation

Print to PLX-DAQ[18) | <

gﬂﬁ 3.28 Flowchart n15¥1191uve9lUsHNT1 Magnetic pickup sensor

NG ¥

3.2.1.1 YszniadanUanasyasdaysyraui ey

int pin = 8; //Us¥n1A PIN8 SU&yey1adit18d magnetic sensor

float durationH; //Uszn1aaakUan1uLiaiae HIGH




a2

float durationL; //Usgniefandaniulianyas LOW

float pulseTotal; //Usenadinlan1uiialvad pulse Hamun

float frequency; //Usenasulanuaieueesansasnuld
float frequency2; //UssmﬂéhLLUammﬁﬁqﬂﬂgwagu JUFBIUNY
float R=0.10828025; //%Jﬂﬁsumqﬂﬂ??mmﬂmm

float pi=3.142857142857143; //pi=3.14

float velocity; //U’izmﬂgf’JLLUaﬂ’J’mL%’J“Umgﬂﬂé’ﬂ (m/s)

float RPM; //UszmﬂéhLLUaﬂ’;mﬁ’;sawanﬂﬂgﬂ (S8UADUIN)

(%

float speed km; //‘LJizmﬁ@hLL‘UaﬂﬂmL%Q%@QQﬂﬂaﬂ (m/s)

3.2.1.2 MIANAININYAUTTAIAYDINNTUNABINTVNU

void setup()
{

pinMode(pin, INPUT);

Serial.begin(19200); // opens serial port, sets data rate to 19200 bps
//duiidstoyauazindeiuiniosilo PLX-DAQI18] v stuiindeyaluss
TUsinTU . Microsoft Excel

Serial.println("CLEARDATA");
Serial.printIn("LABEL,Time,frequency2,speed.km,RPM");

}

3.2.1.3 AEINSINUTIVIYATIUAVBITEUY

void loop()

{

Serial. print( " DATATIME," ) ; Serial. print( frequency2 ); Serial. print( " )" ) ;
Serial.print(speed km); Serial.print(","); Serial.printin(RPM);

frequency2++;

speed _km++;

RPM++;

durationH = pulseln(pin,HIGH); // 81uATUUBALY I pulse ¥ high




a3

durationL = pulseln(pin,LOW); // 81UA1UYBIFYY pulse 39 low

o Y

if (durationH,durationL == 0) /e laifidygIuain input WITITLADINNFIAZIAT

q

Wu o
{
frequency2 = 0 ;
speed km =0 ;
RPM =0 ;
delay(200);
}
else //ddyarandiunlusunsuaziiignisauam
{
pulseTotal=durationH+durationL;
frequency = 1000000 / pulseTotal; // Frequency in Hertz (Hz) f=1000000/T.
frequency2=frequency/96; //Qﬂﬂ?:wyumu 1 seufivavian 96 flu
velocity=2*pi*R*frequency2; //calculate velocity(m/s).
speed km=velocity*3.6;
RPM=frequency2*60;
//Serial.print("RPM=");
//Serial.printin(RPM);
delay(200);

1}

3.2.2 WSN5UN15SUAYR9 Ll Bantyasa

Tuduvadlisunsunissuaiinnaninansad Wulsunsuinsudeyaviineunden

(Analog) Fuillatayaniunisuseaianasenunazladeyasanuieglunulisilansy degua

3.29
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A2 ,A3 Input

!

Setup calibration factor and

zero factor and start calculation

}

Display

String data = String —
(get_units_kg(+offset, DEC_POINT);

float get_units_kg()
return(scale.get_units()*0.453592)

gﬂﬁ 3.29 Flowchart nMsvinauveaslusensuluanieaa (Load cell)

#include "HX711.h"

String data;

float calibration_factor =8509; //#atavfaanfilaainlusuns Calibrate anisad
SRLWNR [N1ANUIN 9]

#define zero factor 240405 //favAeaillaainiusunsu Calibrate Inaniwad
SRLUR [N1ANWIN 1]

#define DOUT A3

#define CLK A2

#define DEC_POINT 2

float offset=0;

float get_units_ke();

HX711 scale(DOUT, CLK);
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void setup()

{

Serial.begin(19200);

Serial.println("Load Cell");

scale.set scale(calibration factor);
scale.set_offset(zero_factor);
Serial.printin("CLEARDATA");
Serial.printIn("LABEL,Time,data");

}

void loop()

{

String data = String (get_units_ke()+offset, DEC_POINT);
Serial.print("DATA, TIME,"); Serial.println(data.toFloat();
delay(500);

}

float get_units kg()

{

return(scale.get units()*0.453592); }

A A Al o w | & v Y] . &
nueLe tn3esdognundiudislunisiiuteyaasluds Microsoft Excel fg
1Usunsu PLX-DAQ* Fatllumenaursns laeldlannisuaniua Serial.print Tu Arduino ide

JuReulvlunstuiindeya

3.3 N599ALUUNISNAFBUNISTNULAZSUAIVDILYULYDS

i
Y

TunauNIIIAdeUULIEeslavinn1suUInIsmeadeuluaetdin Tudiuusnagyiinig
NAFOUN1T9IUAIVDILUTUATH (software) Wag Magnetic pickup sensor (hardware) lagag
yhnsvyugnnasarndiniurhnniudoys ludfiaesandunnivioyaludiuves
Tnanuwad (Load cell) agshnimmaaaulasldfuiminnaaounisitnuresia load cell
(hardware) waztiufinnsetuildanmsneaaeuvedlvanivad (software) lnofisuazidon

wazgUnsalfldlunismaaeuanisnei 3.2
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1. Magnetic pickup sensor

2. Tnanwaa (Load cell)

3. 50ANTLIUHUANLATINTVYY

VBIYNNG

4. ARUN AN DSUUUNANT

5. gneuvtinvue 1 Alansy uag

2 Alansy
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6. WIT comparator with

hysteresis

7. 29959818 UeUNAYA (HXT711

Amplifier Module)

3.3.1 A5N1SNAFBUNITINNULALSUAI VDI ULYDS
F3N1IMPFUNITINILLEE TUABISULYRS S UATY 2 d2U A

3.3.1.1 Magnetic pickup sensor I@Ssﬂgumul,mﬂﬁuadﬂﬁ‘vmamL%'mﬂﬂmwia
2933 comparator with hysteresis [ fufaLeures Induwionsninssusudiielfuyy
Qﬂﬂ?:a wﬁqmﬂﬁ?ﬁqL%'mﬁmmﬁuﬁazﬂaﬁéhLszjumja%mmaaémﬁﬁaaﬂmlﬁiﬂaﬁmm%
TUsunsudvsu Arduino Board #i3elsld ProgramDynotest V.1.1.2 iileisunsifudeyadi
Magnetic pickup sensor @iaanikaznIun1TUszUIaNanIe Arduino Board

Tnedeulalunisnageuie asviinisnaaeuianie 3 adilngasIaninusai
Magnetic pickup sensor fignuadldtiisuiuaI1s97 GPS ﬁlﬁﬁmmﬁwﬁ'agaﬁmmﬁa
WennuAe 20, 40, 60 waz 80 ﬁIameia%l”ﬂmimﬁgaaawzgﬂmﬁamﬁsmﬁ’ummﬁﬂmésuaq
IOINTYIULUA

TAeNUIVDIAMULTINLTEZUU GPS Tundavnlaldlinsdnnilodatduinsomsiain

Y

v

Tagn1sailnanwannaAtunddedn “GPS asasTaA11uLsq [22]7 fasUf 3.30 wazld

Y

Insdwiidletiode Apple 3u IPhone se [23] \ugunsalnsiainanusimuszuy GPS
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- — (=] I
GPS IAS2V2QANUISD [«
InSavaaIUAUIEIADC0A
Joao Silveira
#6 aunmsuno

86 s1enmsv0gudu
WS « lauamistanelunow

JUN 3.30 uonndinduinliiluesedioln GPS

3.3.1.2 Wnanwaa (Load cell) Wadslnluswnsuasuiiaulnanaadonluiln
[21] SuV9USesUSo8LAD 15192 L@A1 Zero Factor waz Calibration Factor @auduani
anunsaunlUlgnulusunsudinsunisiansannseyinaaluanwad lundlsnlansulalagludeq

ADULIBIUTN

Tnen1sneaeazBuanmsdenisldsunsudmsunisiauseiinssidelnanead
T¥ 3091y 9ndusrneasuauudugwesdlsunsulaenislduiaiinsruaasiuvu
wuwged luildasidenldgniumanuuin 1 Alandy ldaslduudiinanadududesls
Tsunsuvszsnanaifionsivaouimiind¥ald anduifiuinaiudnlnenisldgniuuun 2
Alansu adlduazionnavuin 2 Alansy way 1 Alansuesnaudidu suldfiuiafinszviise

Tamwad NNTUVNNSNAADIENDN 1 ASILazUUTINNG

]
IS

3.3.2 A5n1suliAudauaniniuni1suszulanaanlusnsu

v

'
IS 1

ﬂﬁiLﬁU%@%ﬁﬁ]zﬁ’]ﬂﬁLﬁU‘ﬁ@%af}\huiﬂil,mimﬁﬂjsd@?’] PLYX-DAQ Wulusunsumsd
amnsaldausaufulusunsy Arduino ide was Microsoft Excel ¢ @slusunsuiazidy
TUsunsufianunsaliduiindeyardedanuslafld MiunnsUszananainlusunsu Arduino
ide TngguuuulumaAudeyasziivlusunuveeddng xsx dadulwdvedusunsy Microsoft
Excel Tngn1sfiagldanulusunsy PLX-DAQ* saufulusunsy Microsoft Excel Tgiidunau

v A

U
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3.3.2.1 Y1NN15M52980U data rate vasluswnsuinawinaulinsanu Tagsvin

nsunluludiuvedusunsunagludiuves Serial Monitor kansiagui 3.31

st durationH; J/USEMARIIUAAIUNATIEIY HIGH
vt durationL; //USsAIAAIMUANIUNATINY LOW
at pulseTotal: //AIUMIATEDIINITINNA
st frequency;: J//ATMATITNMYDIAIATI0TRIA
2t Frequency?; J/ATMAANANNAIHMIN SDUADIWAR
T Re=0.10828025; //IFNTDUIIHDIRNNATHEIBLIAT
1 At Ppi=3.142857142857143; S/pi=3.14
float velocity:
loat REM:
© speed_km;

1 setup ()

A ..,...-«(n:

rial port, =sets data rate to 19200 bp= S —

requency?, speed_km, REM™) ;

5U% 3.31 381505198 data rate ¥a9lUsungy

3.3.2.2 7110150 alusNsy PLX-DAQ* JuUN1 91nUUASIFABULDY Port T9
PULAVVDINDINA Arduino board WWauraiuAsuRmABs way Baud Laanlimnsanu data
rate 1A9ALulUTUATY Arduino ide ¢lagu? 3.32 Wedanishvilusunsuisuvitalusunsy

Toyaviaviaaiiun1TUsTItana asgnUuiinaslu Microsoft Excel fagui 3.33

Control
; [ Download Data

-Sass
—— Q Clear Stored Data
Setting " Userl
Pu ~ User2
3 m Reset Timer
|
Connect Clear Columns |
Reset on
" Connect M
P T ClaeBieiieadte® 11

PLXDAQStatus

sUTl 3.32 whenalusunsa PLX-DAQ

Ui 3.33 dhetnadeyaiigniiufinadlu Microsoft Excel iulusunsa PLX-DAQ

* @unsaanlanlusinsy PLX-DAQ g7 https://www.parallax.com/downloads/plx-daqg
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NANNSVNIAABILAZIATIZHNE

msvageumugesTldnuTuiulaulufiwesuuy Eddy current sxfiwuimosaildly
nssudayany 2 lwues fim Magnetic pickup sensor uag lvanwad (Load cell) Ingagyin
MIMARRUNSYUT LR 2 slaindianinsaldauldvield Suinisveaounay
naaowAuTeyanIu Arduino board Tneldnsdeulusuasuiioldlunisvaaaudadn
ProgramDynotest V.1.1.2 lun1snaaau Magnetic pickup sensor wagidaulusunsudedn
Dyno _load_cell iiieldlunisnaaeunisinauaednaniaad (Load cell) Fai3Fnsmaaey

AIFUN 4. 1uaziinanisnaaeudasialuil

4.1 nan1Inagdau Magnetic pickup sensor

Tulusunsutiagldnannisluniseuaiuvesgnaduiaslsunsuazuaninadnsogly
sULUUTBIANRNNNAMYURRR W TkasAISIlunITuNTesaNnaT (km/h), ARm5ITeU
Y L Y ~ 2 v | X o & 2
U9NNAT (5UnDTUNN) waziiudayarIulusunsu Microsoft excel 189 INUUAIINEIN
gruAldanlusingy ProgramDynotest V.1.1.2 shlUiFouliisuiumnuian GPS @mnsa

gualdiiieldtoyan GPS usidBaiegaiunainedouresdeya

gﬂﬁ 4.1 NINAFDUNITYINIUYBY Magnetic pickup sensor
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4.1.1 NARINNITNAFBUNTIAANULSIVDS GPS

insuteyavasiiniusivuntdadnseueud 20,40,60,80 1avi1nIs
Wisuileudeyaignnaseuliifisuiumnungy GPS fguel 4.2 inmsvinaesyianun 3 A3

LHDAANMULANANNYDIBLARINNTINN 4.1

A15199 4.1 4ARITEYATDIAINIEININTOINTEIUBUGA AIISIINUTZUY GPS wazgnnas

finusa A5 mwﬁwugnn??a AA1UAATA
nida GPS (km/h) Lo
sadnserueud | (km/h) asell 1 | adedi 2 | At 3 \ade (%)
20 16 16.6 15.49 17.06 16.38 2.38%
40 33 35 34.17 36.05 35.07 6.27%
60 54 53.28 54.3 53.96 53.85 0.28%
80 74 74.85 74.41 74.2 74.49 0.66%

Distance Time Yistance Time Distance

10, 02 1.01 116 ; 3.30 14. 57

Heading Accuracy Heading AcCUracy Heading \ccuracy Headin
307° 5 321° 245° 5 242°

Top Speed Top Speed

38 54

S 12

JUN 4.2 Anuafissuu GPS anunsansavinlduazyinismeaes
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Y a

AUSI81984
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6.27% 3385 _”
r 4
'/

-~

y 54

35.07 z
2.38%
33
16.38 o Lie
¥
18 0.28%
10 20 30 40 50 60 70
auEINIald (km/h)
?"I’N@JL%’J GPS ﬂ??@iL%’lﬁuﬂﬂé’ﬂ F’T'}TN?’I@'}WL@?@U

ns1UTeUiBUATLS25EWI19 GPS uazgNNAS

JUN 4.3 ns1mluansnsiUTeuliisuranusa GPS uay Magnetic pickup sensor 71g1uls
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74

0.66%
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ﬂiﬂWLLammﬂmiwmQﬂﬂaa (NSNNABIATIN 2)
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31N3U7 4.4 3UT 4.5 waz3uil 4.6 WWunsiuaninateyain Magnetic pickup
- 2 A o = ~ ) =~ v I o = VYo
sensor WAutayannusuiethluSeuiisuiu GPS ieanugnaesazwiug13alainnis
NRaanua 3 Ase InefndaraselaisuaInAuEf 0 Alawnsaadilus nduiSuLiy
ANuSLUT 20,40, 60 war 80 ARSI ITIaEUSEIaL 10 AU Aty W lumAede
Ya3auUs T uLAazd9ne 3 ns1waziAuse waslulsazdiana 3 nsuIrARAsan
A% agl@mnusaden 20,40,60,80 A 16.38, 35.07, 53.85, 74.49 sU&6U

NU8Le 9MANNITTUToYaNRANaIAABATIN1INTELARTBIE Y IUTIE1UAIY

9 Y

Tainaunvinnnsenun

4.1.2 AATIZRHANIINAADY

N131Aa8e Magnetic pickup sensor [un MA@ UNTIINUYBIL UL IR
Auswesgnnadlaslaldsadnseueudiduduiigslunismyy annsiiudeyariavun 3

ASINIAILST 20, 40, 60 waz 80 Alaunsdadalus nudndeyais 3 yadlanreudrelndifes

'
U =

fudanuisawaetayaiuaazaulialan 16.38, 35.07 ,53.85, 74.49 Alawnsnadalug
Audiu wazidideyanliinluseuiisuiuaiiuss Gps aldviinisiiudayauiain
o fa9 v o o A 'Y ) \ v 2 A
sodnsurnguANlEiIn InaaeUAuAeTuarlinuitwestayatumeAmEIN 20, 40,
60, 80 A® 2.38%, 6.27%, 0.28%, 0.66% A1ua1AU Agiulai1?oyainiain Magnetic

pickup sensor wag GPS fipulnaifesiuuinuaiinuswetoyaggnaginanugy

av v

Usguad 40 Alawnssedilus 91 6.27% 3nWuanasn1uanny kaza1ditoyantaain

¥ '
| = )

Magnetic pickup sensor 14 3 ¥A315IMAUIENUNNToYANTAUARIALATDURATUTN

A1Maksq 70 Alawnssatlusduduly
4.1.3 d@3UNan13vinaes

Tayailiann Magnetic pickup sensor WiatunuIsuiiisuiu GPS wuinday
IndiAesiuvesdayailuegranniaglugimwesnismaasaldvinnsuiouiisutisaugs 4
3 WUIYNNTANNATRITRYageEnagTinusIUsEI 40 Alawnssedalus Nirus

YDIVBYA 6.27% UazdlAusinvestayalaesinegiussaa 2.40%

4.1.4 gywriiwy

lun1smaaey Magnetic pickup sensor AlaldasasAtuAN Arduino NlYTudaya

3 ' ! < a o = | = &
PNWULYDINUINTULIAIUST 70 ﬂIﬁLSJG]iG\@“U’JIiN“UUVLU%i@VIﬁ?ﬁﬂﬂ‘ﬂ@ﬂ@jﬂﬂﬁﬂﬂi%m’]m
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a

30 seURDIWN Wulesldditayanauduseu 2880 Hz Fulunudnd Error ludiuves
n1sfuAnintudlunisnaaeu 3 asellveyangneuianun 3328 A dn1sudeyad
Renanisvan 17 asadedudasidiuninuiianainegf 0.0051 3ol 0.51% sl

LY 120 AlalunsHatalug

4.2 wan1snaaaulvantas

ndandldvhnsaeufisulusunsudlddmivindusefinszidelnaneadliuds 151
wnaassiudayalnenslignduauin 1 Alanfuntsuulvansad wivinnisldgndunimdn
yun 2 Alandudfiudlydn udvinsdunanisUssinanaveslusunsdlneteyanaanay
gndaiivaslulusunsy Microsoft Excel fan519d 4.2 Gsdoyailiazamnsainluld

Usglenivsalnsginaseluls luntazdideyauuandiviulusuuuuresnswisgun 4.7

WA UM 4.8
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0.50 0.00

sUN 4.8 nsmlianaiminidievitnisanulainsevidelnaniuad

] 5 o al ¢ R
M990 4.2 ‘Lﬂﬁ/i‘L!ﬂ‘VlI‘ViaﬁL‘Ziaaﬁ”luﬁamﬁjﬁ]’miﬂ

UANIALAVULINUNIANNTENR B lManLYad

1anInldvrandlannssiinalianwas

P < P R N v = = s Wy
uqagﬂ@umaﬂ NQ@%IWQ@L‘U@@?VI‘lﬂ magn@&lman N?ﬁﬂi‘ﬂﬁﬂlﬁdﬁﬁ')ﬂlﬂ

1 1.01 3 2.99

3 2.99 1 1.01

4.2.1 AATIZHNANISNAADY

A1NNIINAABINISNNUTB I MaARALAZN15YNUTe L UskNSUN TG InAINIa%

ASLMIRDFALAAAALUNUIN ATBAAad111509579 3R bALuT ALkl ug lusEAUnila

WSz leyinnsasuisulus9naunaEyinnIsnaasy 1ngaziA1ANUAAIALAABULNELA +

0.01 AlanFuwintu Maluy9veensiiulannseyinneluanwadtay lut198nL1aNnNsLvinmne

Wanwad doyaarnnismeassiiiuiissnisnageunisinuiasiivdeyavesinansadiy

Wesruwhiuhdaunsaldnulaegrwnivield dinlassnunisusudunsesiausei

wuugnnasseeed 1 lndnisininaswadluinnisvaaevetsazidealisguailaeginses

Universal testing machine Lo 15aauLisunIa1f19e] lagnisinualnaniinizvinge

Ianwadlin 0 fis 200 AlanTuaranduiinnisiudsuresswiulni Jeyanmunainnig

NAFDULANLAAIAINIAKNLIN 2
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4.2.2 @3Unan1vaasg

nnanIsnaaesauisaasuldinlnanisad (Load cel) Wlevinausiuiy
A5VYIYUONNEYA (HXT711 Amplifier Module) wag Arduino Board waa fluangadds
aunsaldaulavdsdeyaliog aund wiiavsre1ewauNagn (HX711 Amplifier Module) 14l
ansafiazthluldonuldasadesanmnuilunsddoyaimidnfulufeingnliluuni 2
yamsdaiiamngfummasounsiauresvaneadludesiuiilifosniniudeyads

ANUDENITTY
4.2.3 Ugywiiwu

sEninvihnisaeuisunisiurvedvanieas lugiusniguigasiaiauaain
indouiigunniosanmidaununarsvedvaniead finsasuushlvanisad natuilessin
aildlFenlussarnaiuudesuil 4.9 ilndesuiminudamvosimindegautag
maeennlvanad wifinu fihnsmadeuisioninisiuiedpatudeliununatsd

Daluanwas @a1u15nLAa0UA1laee199dsY kad39vinnsaauLieulnd Finlrdany
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ayunamsaiuaunaztalauauLuY

5.1 asunsvitnuvadlaunluiines

Weosnlauludiwesnigluernisufifiniseieinaiingveda3adnsNnuINkazIn
nsUrpsnudusreznatiionnuiniain laseun1susiusanniasiausalinuugnnas
= =3 o - v P Yy o =
seeed 1 Junn nelumilassulussesn 1 lanulgviiineidesivinsnisaiunuvseyn
AuAuMsTuvedlawluiivesianudsme liausagenynunassauauld §invin

lassunsuseuunsesinusuiuuugnnassseei 1 3ladnrignniununag1asiledue

a

d4A1978 Arduino T991NNITANYINUIIYAAIUAY TulATauTEeeh 1 adeluunaiunse
auldisidainanuwivgl uazreunliiinlassnunisusuliuniaaintsuinuuugnnis
seeedl 2 Tulasanuldviinisvegeunisvinnuvesniesinusaiuuugnnasniniegdnyinlu
= v o ) % | a4 A o o Y o = A v v
seeed 1 linnsusulssld wudiesesdlednanunsaviauliusidandideympetoyanldain
nmanedeuAowsianaz sl Avinisveaaeuiieliiduluauimsazdu fdavilassulu
seee 2 lalddagavnsanuiuimegeuuuioufisudunaila Juinlasenunisuiuls
WIBInLsaiiuugnnatsreedl 3 Tuwn lulassnuiilainisnegeun1sinureauasi
Ti5udayanniegdnvinlussesi 1 uaz 2 lovihnsusudsanilesannanvsivihliiadeyad
a =) 1 d‘ [ a 1% [ 1 § L= =
Aana1av3elinsauiasziluonasiinlannvaieUadeu wugesdenselusunsudn
Tdlunisaruiailagm Wudu negdnvidaddiinismeasuiwuiees dausenaulunig
ca v v & o & . . |
L%uL%aiﬂ%iU%agamMuﬂ 2 @fo Magnetic pickup sensor wag load cell wagludiuves
N13AIUANNISYINNY Eddy current N1egIRvinlivinn1sinsgrideyaannienaIsusenaunis

Tgauvesgunsaiinlyluiaasnuin

5.1.1 Magnetic pickup sensor

(% (2 '
= 1 a a A ¥

wuweswiinilaveguinugnnisdininianisndeuiivesgnnis Jaduuges

Y

b Adguwuudyerandu Sine wave ¥191uA U995 comparator with hysteresis

o

A o . v & A o v
WiowUasdyyraann Sine wave 1l Square wave Lileazaiuisodeliigasaiuny
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Arduino @nansasuaunvesdnials ndsiniulaulasanutidumanusudadu lu

niheAlawnssetilusiettoyanliimiUieuiisuiuauianldsnsdain GPS wWiem
dl' v ' . . a ' v 1Al

AUARIALARBUVBIVBYR WU Magnetic pickup sensor UAINUANVBIVBYRDYYN 2.40%

WAZANURANAIAYDINTTEUADEN 0.51% Weliieuiu GPS
5.1.2 Ivanwwas (Load cell)

finsAnfseguTangndaves Eddy current innihndaussiiintuluseninemis

wyu Felunilgnaaeulainnimaseunisinnuressuwesirdauisaldnisidegniel

[y

Tngldvinisnaaedlaenisldanduiimininausnugainds load cell doadinisiaugiu
19339818dy 10 load cell azfowiinisaeuiguiouldunnATuionuwlug1va
Foyadild nudnwuwesdiausaldnuldduegaflaeiitoyanindninuiawainagi «

0.01 Alan3y
5.1.3 n13AuAulvan

ludiuvenisnruaulnanvelauiluiiinesvila Eddy current nneluenns

al

Uﬁﬁamim%aﬂamﬁwmé’fauwmimﬂimwmuﬂﬁuﬂqqm%ﬁmLLiqﬁ’]LLUUQﬂﬂﬁq Y
1 19142935 Arduino 1uns9smuauiildadsdyqia PWM mn‘fu%gmq%i Low pass
filter wUasdnwULIDITYYIUIN PWM I‘ULﬁué’zgz:gwmgﬂﬁmﬁamﬁaﬁmuﬁu Phase angle
ndrntudnauazgruuadiodlusuuuunsdinasuuulwibnssuasdy Weamnsaldon

59U Eddy current lgliinszuaasuyingy

nnteyatrssdlammssndeyaiildannmeaeuluszesi 3 awnsaagdldin
Fsuwesdaiuszansnnlumsinnuiifasnsoldould amaiviliiAnanuianain
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Kelba are specialist loadcell designers and manufacturers with over 15 years of experience.

PROVEN DESIGN

Kelba ‘K’ Series shearbeam type
loadcells have inherent low deflection,
high rejection of side loads, and exhibit
excellent cyclic load performance.

EXCELLENT RELIABILITY

Subject to continuous detatled
development in Australia over a 20
year period, all Kelba loadcells exhibit
proven dependable performance in a
wide range of precision weighing
applications and across a broad range

of industry.

VERSATILE

The Kelba 'K’ Series range of
shearbeam loadcells is widely suilable
for applications ranging from
precision scales to heavy indusirial
weighing.

ECONOMICAL PRICING
Continually increasing demand for
Kelba loadcells has enabled us to
achieve economies of scale with the
result that we are able to provide
extremely competitive pricing across
the compleie range.

QUALITY STANDARDS

Kelba loadcells are subject to rigorous
inspection and monitoring during
every stage of the manufacturing
process. In addition, we are in the
frrocess of obtaining certification to
International Standard IS0 9000.

ENVIRONMENTAL
Purticular aftention. &5 paid o the
environmental sealing of all Kelba loadeells
in artler to provide a product with good field
performance and reliability.

NSC APPROVED

Proof of our ability fo repeatably produce high quality loadcells is certification by National

EX-STOCK AVAILABILITY

In order to provide the service our
clients need Kelba has a policy of
supplying maost standard type product
from extenstve stocks maintained in our

Sydney based manufacturing facility.

RUGGED CONSTRUCTION
Kelba ‘K’ Series loadcells are prrecision
machined from specially selected steels
and then heat treated to a precise
toughness.  Tool steel models are then
heavily zinc plated to give a tough
corrosion resistant finish.  Stainless
steel is also available.

STANDARDISED OUTPUT
Multiple cell installations are easily
accomplished as each cell is
standardised to gmive the same change
in output for a given load change.

Standards Commission for loadcells for use in Weights and Measures approved trade use

scales, weighbridges, efc.

GA AD ELI.
IFICATION

U

"’ﬂ"

DEL MODEL ODE h’ ODEL L
128 KA-250 ﬁ" 1000 00
Shearbeam h
SIad B} Etooi sieei Tool Steel ﬁoﬂl Steel
flessStesl  |Stiless Stesl Stesl
M8 | W10 mn
Z2NM 22NM 44NM
Mi0x 15 MDY 15 | mzst 'I'e;pedM12x1?5
Dt s dBmim D, 2Amn Dia, 24mm Dia.
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Shear Beam Type ¥

LOAD APPLICATION e e

o= | —
L ¥ 7~ MOUNTING SURFACE SOUNTING HOLES
Shear Beam Dimensions . . .
A B EC ED FE BF EG BH Iension Force Type
' B EE "

o F21 28ma [ Al ke —.l
110 21 meS..‘H] B S | |
a0 JlLtmr= W 0 i | divesesd
UL EL B e N
125 fa Brape P | 125 3% [ 615 - — [
m/m B | 2 | s 1asgsa pois = ) | :
-
< =
80 [ 45 i1 50 508 20 FE0 o8
EE ] §
& 15 (& B 2 e

(-

Tension Force Dimensions
P !
86 L5 |66 L7 F 25 [ e

. AMODEL AFB [lc ' -
e
[ -

s K ' 124 B e zo
Special note: KA-125 / 250 mig holes offsel 2.5mm from k e | g "“51

cendre line towards non-cable side

* In the interesis of development and improvement, the specifications ronf-a'i-m’d herein are subject to change without notice.
|ccnl ADCELL ‘3’ #DDEL MODEL M0DEL [ DEL
IFICATIONS =2500 | KA-5000

[ 7
SN 1 aml Steel Tuol Steel A‘r;susr

HlessStesl P Stainless Stool Opticn Oplion

ol 25mm (Green Shackle Pin

a0NM NM NA
%:mm |Clearance | Green Shackle Pin
e 46mm Dig. 50mm Dia. N/A
[ 5000 Kg 10000 K 000 Kg
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Loadcells are precision built transducers and
should be treated with care.

Install multiple loadcells with equal
distribution of the total load.

Ensure thal the mounting surface for the
loadcell is flat and of sufficient strength to bear
the load to be applied without distortion.

Mount loadcells securely using high tensile
bolts only, grade 8.8 minimum.

Recommended torque for mounting bolts as per
bolt manufacturers’ specifications.

OADCELYL MOUNTING KITS

CONSTRUCTION GRADE:

STEEL
TOP PLATE - ZINC PLATED
8.5 GRADE HiT BOLTS

| |CONSTRUCTION GRADE STEEL| |
|| BASE PLATE - ZIC PLATED | 4

asiomeric Loadcell Interfuce Mounts

—s

H @
K043 2 Ko
Gl © tfﬂ?;m & uulu)ﬁ‘xsu:
"

o,

The contact area between loadfittings and the
surface of any loadcell should not exceed that
nominated in the table within.

DO NOT apply a torque to the load end of a
loadcell.

Use overload protection if appropriate for the
system.

Be extra careful when welding around
loadcells. DO NOT allow welding currents to
passpthroughyayiondeellpu(Barth straps are
available from Kelba as an option.)

Featur
Designed for loadcell capacities from 125kg
up to 10,000kg. Load cups, balls, spacers and
butions are all through-hardened stainless
steel. Kits available in both zinc plated steel
and stainless steel.

Mounis are high performance ball and cup
design. Top and bottom plates are
manufactured from construction grade steel.
Uplift and overload protection system also
simplifies installation and maintenance.

: (ﬁmKPs‘nulu L Approx m
| SIG -+ | GREEN |
| 516 — | WHITE |
| EX— | BLACK |
[ SHIELD [ SILVER |

Designed and Manufactured by Kelba (Australia) Pty Ltd
7 Leonard Sireet, Hornsby NSW 2077 Australia — Tel: (02) 9476 4544 — Fax: (02) 9477 7974
International Tel: 612 9476 4544 — International Fax: 612 9477 7974
E-mail: kelba@bigpond.net.au — Web Site: www.kelba.com

Distributed by:

WARRANTY (Partial) (Refer o Kelba for full warranty statement)

311‘17; N.4 Kelba Load cell Data sheet
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LM324, LM324A, LM324E,
LM224, LM2902, LM2902E,
LM2902V, NCV2902

Single Supply Quad
Operational Amplifiers

The 1.M324 series are low—cost, quad operational amplifiers with
true differential inputs. They have several distinct advantages over
standard operational amplifier types in single supply applications. The
quad amplifier can operate at supply voltages as low as 3.0 V or as
high as 32 V with quiescent currents about one—fifth of those
associated with the MC1741 (on a per amplifier basis). The common
mode input range includes the negative supply, thereby eliminating the
necessity for external biasing components in many applications. The
output voltage range also includes the negative power supply voltage.

Features

# Short Circuited Protected Outputs

# True Differential Input Stage

Single Supply Operation: 3.0 Vo 32V

Low Input Bias Currents: 100 nA Maximum (LM324A)

Four Amplifiers Per Package

Internally Compensated

Common Mode Range Extends to Negative Supply

Industry Standard Pinouts

ESD Clamps on the Inputs Increase Ruggedness without Affecting

Device Operation

& NCV Prefix for Automotive and Other Applications Requiring
Unique Site and Control Change Requirements; AEC—-(Q100
Qualified and PPAP Capable

# These Devices are Pb—Free, Halogen Free/BFR Free and are RoHS
Compliant

75

ON Semiconductor®

WWW.onsemi.com

PDIP-14
N SUFFIX
CASE 646

S0IC-14
D SUFFIX
CASE 751A

TSSOP-14
DTB SUFFIX
CASE 948G

PIN CONNECTIONS

Vg [4]

Quit[1] I~ ] outa
Inputs 1 {EDJ % } Inputs 4

(1] vee, GND

Inputs 2 {%% ’-@% } Inputs 3
Our2[7 ] le] out3

{Top View)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 10 of this data sheet

DEVICE MARKING INFORMATION

See general marking information in the device marking
section on page 11 of this data sheet.
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MAXIMUM RATINGS (T4 = +25°C, unless ctherwise noted.)
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Rating Symbol Value Unit
Power Supply Voltages Vde
Single Supply Ve 32
Split Supplies Vee. VEe +16
Input Differential Voltage Range (Note 1) Vior 32 \Vde
Input Comman Mode Voltage Range Vier -0.3to 32 Vdec
Output Short Circuit Duration tse Continuous
Junction Temperature Ty 150 °C
Thermal Resistance, Junction-to-Air (Mote 2) Case 646 Riua 118 “CAN
Case 7514 156
Case 948G 190
Storage Temperature Range Tstg -65to +150 °C
Operating Ambient Temperature Range Ta “C
LM224 =25 to +85
LM324, LM324A, LM324E Oto+70
LM2802, LM2902E -40to +105
LM2802V, NCW2902 (Note 3) -40to +125

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality

should not be assumed, damage may oceur and reliability may be affected.
1. Split Power Supplies.

2. All Rgys measurements made on evaluation board with 1 oz, copper traces of minimum pad size. All device outputs were active.

3. NICV2902 is qualified for automitive use.

ESD RATINGS
Rating HBM MM Unit
ESD Protection at any Pin {(Human Body Model = HEM, Machine Model = MM)
NCW2902 (Note 3) 2000 200 vV
LM324E, LM2802E 2000 200 v
LM324DR2G, LM2902DR2G 200 100 vV
All Other Devices 2000 200 Vi

SUTl 9.2 IC LM324 Data sheet



LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vee =5.0V, Veg = GND, Ta = 25°C, unless otherwise noted.)

7

L2244

LM324A

LM324, LM324E

LM2902, LM2902E

LM2902VINCV2902

Characteristics symbol | Min | Typ | Max | min

Typ

Min | Typ | Max

Min | Typ | max

Min | Typ | Max

Unit

Input Offeet \Voltage
Voo =580Vie 30V
Vicm=0Vto
Voo =17V,
Vo=14V,Rs=080
Ta=26°C = 20
Ta = Thign (Mote 4) = =
Ti = Tiow (Note 4) - -

Vio

5.0 =
7.0 &

20

30
5.0
50

7.0
2.0
8.0

7.0

mi

Average Temperature
Coefiicient of Input
Offset Voltage

Ta=Thighto T
(Notes 4 and &)

aviaiat | -

7.0

30

WG

30 30 -
100 =

Input Offset Current -
Ta=Thighto T = =
{Mote 4)

5.0

30
75

150

200

200

nA

Average Temperature
Coefficient of Input
Offset Current

Ta=Thigh to T
{Motes 4 and &)

alglaT [ - | 10 - -

300

pASfC

Input Bias Current {1 o =150 .
Ta=Thgnto T P =

{Mote 4)

=100
=200

=250
-500

=250
=500

-500

nA

Input Common Maode Vier
‘oltage Range
(Note 5)

Voo=30V

Ty = #25°C 0 - 283 0

T = Thigh to Tig 0 - 28 | o
{MNote 4)

283
28

283

Differantial Input
Voltage Range

Large Signal Open
Loop Voltage Gain
RL=2.0ka 50
Vioo=15Y,
for Large /-, Swing
To=Thignte T 25 | - - 15
(Note 4)

100 - 25

100

25 100 =

25 100 =

Wimi

Channel Separation cs - =120 = r
10kHz = f= 20 kHz,

Input Referenced

=120

dB

Common Mode CMR 70 a5 = 65
Rejection,
Rs<10kQ

70

65 70 -

50 70 -

dB

Power Supply PSR 65 100 - 5

Rejection

100

65 100 -

50 100 -

dB

4. LM224: Tygy = —25°C, Thigp = +85°C
LM324/LM324 A/LM324E Ty, = 0°C, Thigh = +70°C
LM2902/LM2802E: Tigy = ~40°C, Thigh = +105°C
LM2902V & NCV2902: Tigy, = =40°C, Tpgh =+125°C
NCV2902 s gualified for automotive use.

5. The input commen mode voltage or either input signal voltage should net be allowed to go negative by more than 0.3 V. The upper end of
the common mode voltage range is Vo —1.7 VW, but either or both inputs can go to +32 V without damage, independent of the magnitude

of Vee.
6. Guaranteed by design.

SUN
Y
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LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vee =5.0 V. Vg = GND, T = 25°C, unless otherwise noted.)

78

e

LM224

LM324A

LM324, LM3I24E

LM2902, LM2902E

LM2902V/NCV2902

Tvp

Max

Tvp

Max

Min Max

Tvp

Min Iax

Typ

Min Max

Typ

Unit

Output Voltage -
High Limit

Moo =50V, R =
20 kLY Ty =25°C

Ve =30V
RL=20k2
(Ta= Tlugrl to Tiowd
{Mote 7}

Ve =30V
R =10k
(Ta = Thigh to Tiowd
{Mote 7}

VaoH

33

26

27

35

33

26

27

35

28

33 35 =

26 = -

27 28 -

33 a5 =

27 28 -

33 35 =

26 - N

27 28 =

Output Voltage -
Low Limit,
Vee=50V,

R = 10 k2
Ta=Thignto T
{Note 7)

o
o

20

o
o

20

100

100

mh/

Output Source Current
Mp=+1.0V
Vec=16V)
Ta=25°C
Ta=Thighto T
(Note 7)

20
10

40
20

40
20

20 40 —
10 20 =

40 =

20 40 =
10 20 -

Output Sink Current
(Vp=-1.0V,
Vec=18V)
T = 25°C
Ta = Thigh 10 Tiay
(Mote 7)
Mp=-10V
Vo = 200 m,
Ty = 25°C)

8.0

20

B.O

50

50 8.0 3

5.0 80 =

Qutput Short Circuit
to Ground
{Note 8)

40

40

60

Power Supply Current
(Tp = Thigh to Tjgw)
{Note 7}
Ve =30V
Vo=0V R ==
Ve =50V
Vo=0WV R ==

3.0

30

30

30

7. LM224: Tigy = -25°C, Thigh = +85°C

LM324/LM324A/LM324E: Tigy = 0°C, Thigh = +70°C

LM2902/L M2902E: Tjgy, = ~40°C, Trign = +105°C

LM2902V & NCV2902: Tigy, = —40°C, Thigh = +125°C
NCV2902 is quaiified for automotive use.

. The input commeon mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of

the common mede voltage range is Viee —1.7 V. but either or both inputs can go to +32 \/ without damage, independent of the magnitude

of Vee.

5Uf 2.4 IC LM324 Data sheet
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LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

Bias Circuitry
Common to Four
Qutput Amplifiers
-]
» @ ; 0 V.
=y ats J | Voo
Q16 k"_— kﬁ Qs | Q22
Q13
40k
Q19

I’ ;

S'PrpF Qi2 ]
10 25 <

Q18 Q20 J
an

H o a .F{‘“‘ J
Q& | Q7
a3 Qt Q26 f/‘ L\L

Figure 1. Representative Circuit Diagram
(One—Fourth of Circuit Shown)

SUT 9.5 IC LM324 Data sheet
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LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

CIRCUIT DESCRIPTION

The LM324 series is made using four internally
compensated, two—stage operational amplifiers. The first
stage of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and the
differential to single ended converter (33 and Q4. The first
stage performs not only the first stage gain function but also
performs the level shifting and transconductance reduction
functions. By reducing the transconductance, a smaller
compensation capacitor {only 5.0 pF) can be employed, thus
saving chip arca. The transconductance reduction is
accomplished by splitting the collectors of Q20 and Q18.
Another feature of this input stage is that the input common
made range can include the negative supply or ground. in
single supply operation, without saturating either the iput
devices or the differential to single—ended converter. The
second stage consists of a standard current source load
amplifier stage.

Vg = 15 Vde
RL =20k
Tp = 25°C

INENRINEN] INENANNNEE FRAmEETT
L 3 LR N R

=
/

y

1.0 VDIV

5.0 us/DIV
Figure 2. Large Signal Voltage Follower Response

Each amplifier is biased from an internal-voltage

regulator which has a low temperature coefficient thus
giving each amplifier good temperature characteristics as
well as excellent power supply rejection.

3.0V to Voriman Ver
_||||_6“{CC %
o l o o e = 1.5\!’:0\!’(;{;[“1“]
% o
P 2 o o -
o i b,
g 3 1o o =
o =
o £ o -0 — 1.5\!’[0\!’55‘,“3,(]
ol :
Vee
Single Supply = Vg/GND Split Supplies
Figure 3.
A [T
60 » 60
™ Phase Margin
s
@ 50 50 2
o b
in
é;m \\ 40 m
s =
< );E
_Er 30 a0 5}
= - : e
g 20 Gain Margin 20 =
10 Sl 10
(] 0
1.0 10 1000 10000
LOAD CAPACITANCE (pF)

Figure 4. Gain and Phase Margin

5Uf 2.6 IC LM324 Data sheet
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V. INPUT VOLTAGE (V)

VR, OUTPUT VOLTAGE RANGE (V)

I . POWER SUPPLY CURRENT (mA)

LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

20 120
- - AN
] 100 Vee=15v 11U
16 o o= ] Vep = GND
=z = P e 2
14 v '; G3 w ™ Ta=26°C L4
12 WV N N
ey 8E g
0 A 59 N
a0 ngahve’ " A T 40 -
4/Pnsmva >0 "\\
60 77 <2 4 A
40 P & ™~
-n /;/ o g -
i} -20
0 20 40 60 BO 10 12 14 16 18 20 1.0 10 100 1.0k 10k 100k 10M
£ VVge, POWER SUPPLY VOLTAGES (V) 1, FREQUENCY [Hz)
Figure 5. Input Voltage Range Figure 6. Open Loop Frequency
14 550
Il L o
12 R = 2.0ke2 500
Z \ Vog =15V = Input
W, = e
10p ; e i S
N\ R -10kQ £ 400 Sutput AN
80— Ry = 100 kQ 3 P4 /
>
\ 5 350
6.0 \
\ E a0 -
40 \\\ zé 250 { \Uf Voo =30V
N Vee = GND
20 N 200 1 Ta - 25°C
T | CL=50pF
0 il
1.0 10 100 1000 i S0 Jool 3077 4b 50 60 70 80
1, FREQUENCY (kHz) t, TIME (ps)
Figure 7. Large—Signal Frequency Response Figure 8. Small-Signal Voltage Follower
Pulse Response {(Noninverting)
4 VA
21 Ta=25°C
‘o R = T %
k = ——
=
15 = \\
__,._.—-——""_' % ~
12 o
08 § 80
06 [
=
03 £

=]

0 5.0 10 15 20 25 30 35 0 20 40 60 80 10 12 14 16 18 20
Vi, POWER SUPPLY VOLTAGE (V) Voo, POWER SUPPLY VOLTAGE (V)
Figure 9. Power Supply Current versus Figure 10. Input Bias Current versus
Power Supply Voltage Power Supply Voltage

5UT 9.7 IC LM324 Data sheet
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LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

1 )
V== Voo Triangle Wave R2
= 2 ¥GC Output o WA
300k
Uref O J_
= C
Ri
It Vi
1€
C AAA
R R2
_R1+Rg , __R2R1 = 1
FCRR1 R2 + A1 Vst = Voo
Figure 16. Function Generator Figure 17. Multiple Feedback Bandpass Filter
Given: 1, = center frequency

Affy) = gain at center fraquency

Choose valug f,, C

Q
| R3's

Then: 71,G

R3

RI= 20
R1R3
402R1 - R3
o Gt

For lass than 10% error from operational amplifier, W <01

where f, and BW are expressed in Hz.

If source impedance varies, filter may be preceded with
voltage follower buffer to stahilize filter parameters.

SUTl 9.8 IC LM324 Data sheet



LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

Vit

vo_z.sv(n%)

Figure 11. Voltage Reference

o 80 iR
Q
sp
bRi
3
' o
Bp o

iy

e =C(1+a+h) (g -e)

Figure 13. High Impedance Differential Am plifier

10k

Vgt ®

1
Vret = 5 Voo

e v,

4
= 2xRc
For: f, - 1.0kHz

R =16 k&
C =001 yF

Figure 12. Wien Bridge Oscillator

R2
Hysteresis
Vo ‘ﬂ
Ri
Vi _ Vo 1
o ) I
Vi o 0
2 VoL T
Vil | VieH
Ri b,
VinL Ri+R2 (VoL - Vieel) + Veer el
R1
Viok= F1smz (VoH - Vel + Vi
R1
H=Ripe Vor-Vod

Figure 14. Comparator with Hysteresis

o
it
Vin f‘; R2 [
L 1LY AN Lt ”‘ N ﬁ
LM324 b
€ o Bandpass
Ve L Output
,EE = Ri

Qo

Vet

: 0

Where:

Figure 15. Bi-Quad Filter

Ty = Passband Motch Gain

100k "I wAG
R1=- QR "
Vigi= = V|
o BRI et = 3 Voo
Tee
R3S =Typz
0 C1=10C
' For: i, - 1.0kHz
Vi Q-10
Tgp =1
Tii =4
Ci
e NochOuput R = 160 k22
C -0.0014F
Ri = 1.6 M2
. R2 = 1.68MQ
Tgp = Center Fi Gail
gp = Center Frequency Gain e
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LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

ORDERING INFORMATION

84

Device Operating Temperature Range Package Shippingt
LM224DG S0IC-14 (Pb-Free) 33 Units/Rail
LM224DR2G S0IC-14 (Pb-Free) 2500/Tape & Reel
LM224DTBG =25°C to +85°C TSS0OP-14 (Pb-Free) 96 Units/Tube
LM224DTBR2G TSSOP-14 (Pb-Free) 2500/Tape & Reel
LM224NG PDIP-14 (Pb-Free) 25 Units/Rail
LM324DG S0IC-14 (Pb-Free) 55 Units/Rail
LM324DR2G SOIC—14 (Pb-Free) 2500/Tape & Reel
LM324EDR2G S0IC—14 (Pb-Free) 2500/Tape & Reel
LM3240TEG TSS0OP-14 (Pb-Free) 96 Units/Tube
LM324DTER2G TS80P-14 (Pb-Free) 2300/Tape & Reel
LM324NGE 0°Cto+70°C PDIP-14 (Pb-Free) 25 Units/Rail
LM324ADG S0IC-14 (Pb—Free) 53 Units/Rail
LM324ADR2G S0IC-14 {Pb-Free) 2500/ Tape & Reel
LM324ADTEG TSS0P-14 (Pb-Free) 96 Units/Tube
LM324ADTBR2G TSSOP-14 (Pb-Free) 2500/ Tape & Reel
LM324ANG PDIP-14 (Pb—Free) 25 Units/Rail
LM29020G SOIC—14 (Pb—Free) 55 Units/Rail
LM2802DR2G S0IC-14 (Pb-Free) 2500/Tape & Reel
LM2902EDRZG SOIC—14 (Pb-Free) 2500/ Tape & Reel
LM2802DTBG SR TSS0OP-14 (Pb-Free) 96 Units/Tube
LM2902DTBR2G TSSOP-14 (Pb-Free) 2500/Tape & Reel
LM2902NG PDIP-14 {Pb-Free) 23 Units/Rail
LM2902VDG S0IC—14 (Pb-Free) 55 Units/Rail
LM2902VDR2G S0IC-14 (Pb-Free) 2500/ Tape & Reel
LM2902VDTBG TSSOP-14 (Pb-Free) 96 Units/Tube
LM2902VDTBR2G -40°C to +125°C TSSOP-14 (Pb—Free) 2500/Tape & Reel
LM2902VNG PDIP-14 (Pb-Free) 25 Units/Rail
NCV2902DR2G* S0IC—14 (Pb-Free)

NCV29020TER2G" TSSCP-14 (Pb-Free) 2O e

TFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRDE011/D.
*NCV Prefix for Automative and Other Applications Requiring Unigue Site and Control Change Requirements; AEC-Q100 Qualified and PPAP

Capable.

5Uf %.10 IC LM324 Data sheet
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LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

MARKING DIAGRAMS

PDIP-14
N SUFFIX
CASE 646

14

LM2902VN
O AWLYYWWG

solc-14
D SUFFIX
CASE 751A
“HAAAAAAR “HAABAAA "“HAOAAAAAE "™“HAAAAAAN
*
LM324ADG LMx24DG LM2902DG LM2902VDG
o AwLYWw o AwLYww o AWLYWw o AWLYWW

WHOHHHE WHHUHHEHHH HHEHHHH HEHHOHH
“APAAARAARA ™“AAAAAAA

LMx24EG LM2902EG

o AWLYWW o AWLYWW

WHIFOEHE HHHOOHE

TSSOP-14
DTE SUFFIX
CASE 948G

14 14 14 14
AAAAAAR AAAAAAR HAAAAR HAAAAAE

%24 324A 2902 2902
A
ALYW= ALY\ ALY W ALYWs

o o O Q =
[ELLLLL S L L LLLL LLLLLL [LLLLLL
1 il 1 1

X 2or3
A Assembly Location
WL, L =Wafer Lot
YY, Y =Year
WW, W =Work Week
Gor = =Pb-Free Package
{Note: Microdot may be in either location)
*This marking diagram also applies to NCW2902.

5Ufl 9.11 IC LM324 Data sheet
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LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

PACKAGE DIMENSIONS
PDIP-14
CASE 646-08
ISSUE S
MOTES
1. DIMENSIONMG AND TOLERANCING PER ASME Y14 5M, 1994,
D A 2. CONTROLLING DIMENSION: INCHES
- . E 3. DIMENSIONS A, A1 AND L ARE MEASURED WITH THE PACK-
AGE SEATED IN JEDEC SEATING PLANE GAUGE G5-3
Wk Wk | r*’ I Wk Wk 4. DIMENSIONS D, D1 AND E1 DO NOT INCLUDE MOLD FLASH
1 T OR PROTRUSIONS, MOLD FLASH OR PROTRUSIONS ARE
J_ MOT TO EXCEED 0.10 INCH.

B S H— - E 5. DIMENSIONE IS MEASURED AT A POINT 0,015 BELOW DATUM
o H PLANE H WITH THE LEADS CONSTRAMED PERPENDICULAR
’\‘r' hTAL TR ¥ LTV & DIV £ 15 MEASURED AT THE LEAD TIPS WITH THE

7 ADS
NOTE 8 —-‘ |-— b2 B] —>je-c 7.0 VTH THE BOTTOM OF THE
END VIEW HE BODY
TOP VIEW WITH LEADS CONSTRAINED ONAL (ROUNDED OR SQUARE
NOTE § C
rﬂ_‘zA MILLIMETERS
NOTE 3

Mit MAX

[ % V=1 )
i_ uﬂuﬂj:l]ﬂ[ A SEATING \'_'_‘/\
Al PLANE
D= = > 1 . 4.1
E-.- = =] fi— 14X b ENIgE\iﬂEw
speview | 9[0010@[c[AD[e @) A

g‘U‘ﬁ 9.12 IC LM324 Data sheet



LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

PACKAGE DIMENSIONS

S0IC—14
CASE 751A-03
ISSUE K

= D - [A] NOTES
a 1. DIMENSIONING AND TOLERANCING PER

ASME Y 14.5M, 1994

I 2. CONTROLLING DIMENSION: MILLIMETERS

H H H m H H H k] 3. DMENSION b DOES NOT INCLUDE DAMBAR

A3 PROTRUSION. ALLOWABLE PROTRUSION
1 | SHALL BE 0.13 TOTAL IN EXCESS OF AT

MAXIMUM MATER AL CONDITION

j

—_——— } —_— E 4. DIMVE AND E DO NOT INCLUDE

L l L SIONS,
HHHH]HHH DETAIL A

|MILLIMETER3 INCHES
025. B@ _,,”._13“, ol WIN_ T wAX 1 MIN T WA

I$|025.ICIA®‘B@| 175 | 0054 | 0068

0135 (0004 0010
DETAIL A
A ><45 ||‘_ _f

) FROTRUSION 015 PER

025 1000z § 0010
A8 10074 0019
875 10337 10344
400 10150 10157

|
[ 1 Ij_ K ) 0050 BSC
ﬂﬁgﬁﬁqﬁﬁﬁﬁ i 1 L W 52010228 10244
{J \_L‘./: 050 10070 10019
- k= » " e
SEATING .
PL.ﬂNE

SOLDERING FOOTPRINT*
6.50 -

S

Wy o | PITCH
—

noffoon

*For additional information on our Pb-Free strategy and soldering
details, please download the ON Semiconductor Scldering and
Mounting Techniques Reference Manual, SOLDERRM/D.
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LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

PACKAGE DIMENSIONS

TSSOP-14
CASE 948G
ISSUE B
14x K REF NO TES:

DIMENSIONING AND TOLERANCING PER
I-—'ﬂ}l 0.10 (n_nu4]®|r| u |\f| ANSI ¥ 14 5M, 1982,

CONTROLLING DIMENSION: MILLIMETER
DIMENSION A DOES NOT INCLUDE MOLD

FLASH, PROTRUSIONS OR GATE BURRS
T H H H H H H H MOLD FLASH OR GATE BURRS SHALL NOT
0.25 (0.010) EXCEED 0.15 (0.006) PER SIDE.
[2x 2]

DIMENSION B DOES NOT INCLUDE
] INTERLEAD FLASH OR PROTRUSION SHALL

=

[2]0.15 0.008)] T

who

INTERLEAD FLASH OR PROTRUSION
NOT EXCEED 0.25 (0.010) PER SIDE

)
- — DIMENSION K DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMEAR

PN 1 ’[”“"’II‘I"\"' SHALL BE 008 (0.003) TOTAL

IDENT N\ | I OF THE K DIMEMSION AT
DETAIL E e KT

i 7
| 0s oos)| T U @ H H H H H H H _.| K i‘_ ' 5 AT DATOM PLANE -W-.
[a[o15 pesfT] v @] A

ABERS ARE SHOWN FOR

HES
| I ran K= MAX
Y reae, 0200
B 0177
J I t c 0047
T—I—\/_\é_l ] 0.0086
| SECTION N-N £ =
H Qogx
_{ J 0.008
I L-—~. ol J1 0,006
L = > W K | 019 E 70012
ey LL_—,} K| 019 0.010
spwieal 11 R
—T—|] SEATING _,.l L_ _,I ;
[=T=Tsesmn D G H DETAIL E

SOLDERING FOOTPRINT

7.08

ON Sermcon d
SCILLC owns tr
at v onsem

1 Slates andfor other countries
it covarage may be accessed
&5 no warmanty, representation

o guarantee 158 of any product or circuit, and
specificaly dsclaim: E ? . 5 . mﬂy no provided in SCILLC data sheats
andfor specifications can and do vary in diffsrent ications and adual rfi may vary over time, Al oparating parameters, induding "Typicals™ must be validated for each

customer application by customer's technical expents. SCILLC dees not convey any license under its patent nghts nor the nghts of others. SCILLC products are not designed, mtended,

or authorized for use as components in systems intended for surgical implant inko the body, or other applications infended to support or sustain life, or for any other application in which
the Bilure of the SCILLC product could créate a situation whers personal injury or death may octur. Should Buyer purchase or use SCILLC products for any such unintended or
unauthorzed applicabion, Buyer shall indemnify and hodd SCILLC and its oficers, employees, subsidianes, afiliates, and distributors harmless against all daims, costs, damages, and
expenses, and reasonable attomey fees arising out of, directly orindirecty, any claim of personal injury or death associated with such unintended or unauthorized use, even if such daim

alleges that SCILLC was negligent regarding the design of manufacture of the part. SCILLC is an Equal Oppertunitw/Ammmatve Action Employer. This iterature is subject to all applicable
copynght laws and is not for resale in any mannar.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT N. American Technical Support 200-282-2855 Toll Fres ON Semiconductor Website. www.onsemi.com
Literature Cestnbution Center for ON Semiconductor UsAafCanada
16521 E. 32nd Plowy, Aurora, Colorado 50011 USA Europe, Middle East and Africa Technical Support: Order Literature: hitto /v onsami. com/forderit
Pheone: 303-675-2175 or 300-344 -3860 Toll Free USACanada Phone: 421 33 790 2910
Fax: 303-675-2176 or 800-344 -3867 Toll Free USA/Canada Japan Customer Focus Center For addtional information, please contact your loca
Email: ordertg@onsemi com Phone: 81-3-5817-1050 Sales Represertative
LM324/D
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@({_\7 UNIVERSAL PHASE ANGLE FC11AL
m;mmm TRIGGER MODULE X10222
INTRODUCTION

This single phase or phase to phase fiing module uses variable phase-angle control with adjustable signal matching and
adjustable soft-start. The power transformer is remote for increased reliability and wide operational voltage capacity.

The unique firing =ystem is ideal for use with inductive loads and requires minimal wiring to the power devices.
The module 73 Tolly enclosed for safety and eligibility in industrial environments.

APPLICATIONS

Applicable to most AC resistive or inductive loads via a friac or thyristor, on single phase to neutral or phase to phase
supplies, within voltage limits. Also suitable for half-wave vibrator control.

FEATURES

Fires triacs or thyristors up to 440V
(50/60 Hz) supplies.

MOMO-LINK™ - Gate to Gate firing.
High Isolation opto-coupled output.
Status LED giving output level indication.

Adjustable Soft Start Function.

5Ufl A.1 FC11AL data sheet
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INSTALLATION

4 MimA SGNAL

4L

MaNUAL POT DS SIGNAL

s

CONTROL OPTIONS FOR TERMIMALS 3, 4 AND &

WARMNING . ENSLIRE THE LNT 5 DE ENERGSED
BEFORE REPLACING FUBES, OR WHEN NOT IN USE

NOTE:. 12V T0 18 AC INPUT MUST BE IROLATED

FROM SIGRAL AND BE B PHASE WITH LINE WOLTASE

PLAN VIEN

——
N . @~ 8=
301~ AL
bl (:) l' “‘-‘”- G n
D)= C€ ,i?}.
] “‘J@ TYPE FCH11AL

Wﬁi\mﬁ

drrer DAM
FONNT HCLE

DIMENSIONS AND CONNECTIONS

LR

2
1 .
-

O GO~ |ZF

—|‘MON0—LINK is a trademark of United Automation Ltd. U.K. Patent No. 2197997 J'

gﬂﬁ A.2 FC11AL data sheet
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POWER CONNECTIONS
FULL WAVE TRIAC FULL WAVE THYRISTOR
(=] Mﬂw G1
I R1 =T

50/60 Hz

AC SUPPLY

H pe
NET SUPPLIEE)

50/80 Hz

AC SUPPLY

R1-100R 1/4W (TYPICAL)

HALF WAWVE VIBRATOR

AC SUPPLY
D1-1N4007 (TYRICAL)

SPECIFICATION

Signal Span Minimum
Signal Span Maximum
Signal zero offset

dV/dt rating

Max. Gate/Line voltage
Trigger isolation voltage
Trigger output rating
Storage temperature range

0to 2V dc AC input supply 12 to 18V ac @ 65mA
0 to 25V dc Auxiliary output 5V dc

0 to 30% of span Line Frequency 50/60 Hz

100V/us Operating temperature range 0 to +65°C

440V ac Adjustable soft start 0-20 seconds
4000Vrms Mono-link fuse F100mA (HRC)

0.8A Manual potentiometer 2K, 5K or 10K

-20 to +85°C Power connections 6.3mm Amp tags

EFUSING

It is recommended to use semiconductor (fast acting) type fuses or circuit breakers (semiconductor- MCB) for unit
protection and appropriate protection for unit supply (HRC F1A). On initial ‘switch on’ some loads need an
increased Factor of Safety (F of S) for unit and/or device protection. See SRA Data sheet for further information.

31117; A.3 FC11AL data sheet
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CE MARKING
This product family carries a “CE marking”. These phase angle controllers need a suitable remote filter.
For information see recommendation section and contact our sales desk. (See Declaration of Conformity)

RECOMMENDATION

Other documents available on request, which may be appropriate for your applications.

CODE IDENTITY DESCRIPTION

X10229 RFI Filtering recommendation - addressing EMC Directive

X10213 ITA Interaction, uses for phase angle and for burst fire control.
X10255 SRA Safety requirements - addressing the Low Voltage Directive (LVD)

including :- Thermal data/cocling ; “Live" parts warning & Earthing
requirements; Fusing recommendations.
AP02/4 Ccos UAL Conditions of sale
NOTE It is recommended that installation and maintenance of this equipment should be done with reference to
the current edition of the |.E.E. regulations (BS7671) by suitably qualified/trained personnel. The regulations
contain important requirements regarding safety of electrical equipment. {For International standards refer
to LE.C. directive |.[E.C. 950).

ORDER CODE: State part number. FC11AL + Signal option.
Optional extras include Potentiometer, and Supply transformer.

UNITED AUTOMATION LIMITED
1Southport Business Park Tel: 0044 (0) 1704 — 516500 Main —
Kew Tel: 0044 (0) 1704 — 516516 Sales NIB
Southport, PRE 4HQ Fax: 0044 (0) 1704 — 516501
: ENGLAND Enquiry@united-automation.com ISO 9002 UKAS
www.united-automation.com REGETERED CONPANY | | | oty
Page No. 2 of 2 |ssue 5 Date 28/11/01 T s
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series M50

50-100Amp & SCR/Dinde Modules

The M50 Series modules utilize highly efficiant thermal
management to provide high surge capability, long lifetime
and reliable performance. fwailable in elght standard

circuits, all models come in an industry standard package,
provide 2500Vrms from all terminals to the baseplats and

= Over 40KW Butpirt Capability

are UL recognized £72445.
Llectrical Specifications 500 ME0100
Iy Mazimum DG Qutput Current @ To = 85°C (A) 50 100
Mechanical Ditmensions Vg Maximum Yoltage Drop @ Amps Peak LI @508 14¥@ 1004,
Al-dimensions are in inches (millimeters) T Operating Junction Temperature Range 0T o+ 12570
. Critical Rate of Rise of On-State
MRLET 0t Current @ TI=125° ) 100
| 4l5 die/dt Critical Rate of Rise of Off-State Valtage 00
E i 400 120t
g | =N Ve Repetitive Peak Reverse Valtage 600 (240¥ac)
L”‘* T 22) A Line Input Yollage) 800 {28005
Lo = e 170 1000 (380¢a ]
g :} 00 KA 1200 (4803c)
| 5 - - —
T - Iy Maximum Non-Repelhtwe 600 1500
Surge Current (A) [ “/aGyle, G0HZ]
— Eg“b“g'gﬁ m T Wadmum 127 for Fusing (Asee) [1=B.ams] 1500 9350
2503 (132 THE ~ lgp Maximum Required Gate Gurrent 150
qpCs "ho "4{ to Trigger @ 257 (mA)
| ==
10432 SCREW 1 éﬁ% Vgr  Maximum Required Gate 10
4HES. 108 110 Voltage to Trigger @ 267 (V)
2641 290
) L Popyy  Awerage Gale Power 050
%5%6553 Wy Maximum Peak Gate Voltage (Reverse) A.00
| o Maximym Thermal Rgsistance Junetion to aTCA 0360
Geramic Base per Ghip
Vo, Is0lation Valtage 2900V s
Mechanical Spacifications
Weight (Typical) 45 oz [158g)
1509001 cermT Compeliiive pard fumber cass-elerence svallabie st WWWW.C YNErZY3 .com
APPTOVEJS USA EUROPE - UK ASIA - Thailand
Ui E72805 Sglas & fech Support (866) 258-5057 Tafaphone+44 (0) 1202 897 969 Telaphona +66 (0)2 665 2517
Email: sales@eynergy3 com Fax-+44 (0) 1202 291918 Fax +66 (02 665 2588
Cynergy3 Components Emai: sales@oynergy3.com Cynergy 3 Components, Asia
2320 Pasen de las Americas, Suite 104 Cynergy3 Components Ltd 18/ Fico Place 12th Floor
3an Diegp, CA 92154 7 Cabham Foad 501 Sukhumvit 21 (Asoke)
Femdown Industrial Estate Klongtoey Hua, Wattana
Wimbome, Dorset BH2L 7PE Bangkak, Thailand 10110
£ 2006 Cynergy3companents, All Rights Reseved. Specifications are subject to ¢ b nge without prior notice . Gynergy3 comporerts and the Cynergy3 logn am of Cynengy3 Gom
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Lurrent
50 - A0 Amps

Series
M50

Examnple: Ma05S012FY

100- 100 Amps

96

series M50

S0-1004my & SCR/Dinde Modules

Part Number Indentification

Lircuit Type AL Line Voltage
1-8 1-120Vas
[see schematic 2 - 240 Vag
diagrams) 3 - 280 Vac

- 380 Vac

G- 480Vac

Options™

F- Free
Wheeling Dinde
V- Exdernal
Suppressor

Campefitive part number eross-reference auaiahie sl WWWAWL.C YNEr gy 3 .com

1509001 cernTiF
rovals USA
‘:[p—‘;FZ‘MS Salas & Tach Support (366) 258-5057

Email: sales@eynergy3 com

Cynergy3 Companents

2320 Pasen de las Americas, Suite 104
San Diego, CA 92154

& 2006 Cynergyd components, Al Rights Reserved. Specifications are subject to change without prior notice. Cyrerzy3 components and the Cynerzyd

v

EUROPE - UK

Bjaphona+44 (0) 1202 897 369
Far-+44 (0) 1202 391818
Email: sales@oynergyd.com
Cynergy3 Components Ltd

7 Cobham Road

Femdown Industrial Estate
Wimborne, Dorset BH21 7PE

ASIA - Thailand

Tefaphnne +66 (012 665 2517
Fax+66 (0)2 665 2588
Cynergy 3 Components, Asia
1&/&FicoPlace 12th Floor
Soi Sukhurmit 21 (Asoke)
Klongtoey Mua, Wattana
Bangkak, Thailand 10110

logo am
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#include "HX711.n"

#include <Wire.h>

#define DOUT A3

#define CLK A2

#define DEC_POINT 2

#define STABLE 1

float offset=0;

float calibration factor = 1;

float real weight = 1;//kg

HX711 scale(DOUT, CLK);

unsigned char state=0;

long FindZeroFactor();

float get units kg();

void ReadWeight();

void FindCalibrationFactor();

void setup()

{

Serial.begin(115200);

Serial.printtn();

Serial.printin("Auto Calibrate Program");
Serial.printin("Send 'a' to Find Zero Factor (Please Remove all weight from scale)");
Serial.printin("Send 'b' to Find Calibration Factor (Please insert know the weight on
the scales)");

Serial.printin("Send 'c' Show weight on the scales");
}

void loop()

{

if(Serial.available())

{

char temp = Serial.read();



ifttemp=="a")
state=1;
ifttemp=="0b")
state=2;
fltemp=='c’)
state=3;

}

switch(state)

{

case 0:

break;

case 1:
FindZeroFactor();
//ReadWeight();
state=0;

break;

case 2:
FindCalibrationFactor();
state=0;

break;

case 3:
ReadWeight();
delay(200);
break;

case 4:

break;

}

}

long FindZeroFactor()
{

Serial.printin("Find Zero Factor");

99



Serial.printin("Please wait .....");
scale.set_scale();

scale.tare();

long zero factor = scale.read_average(20);
Serial.print("Zero factor: "),
Serial.printin(zero_factor);
return(zero_factor);

}

void FindCalibrationFactor()

{

unsigned char flag stable=0;

unsigned int decpoint=1;

for(unsigned char i=0;i<DEC_POINT+1;i++ )
decpoint = decpoint*10;

while(1)

{

scale.set scale(calibration factor); //Adjust to this calibration factor

Serial.print("Reading: ")

float read weight = get units _kg();

String data = String(read weight, DEC_POINT);
Serial.print(data);

Serial.print(" kg");

Serial.print(" calibration factor: ");
Serial.print(calibration_factor);

Serial.printtn();

long r weight = (real weight*decpoint);
long int_read weight = read_weight*decpoint;
Serial.print(r_weight);

Serial.print(", ");

Serial.printin(int_read weight);

long x;

100



if(r_weight == int_read_weight)

{
flag_stable++;

if(flag_stable>=STABLE)
{

Serial.print("Calibration Factor is = ");

Serial.printin(calibration_factor);

break;

}

}

if(r_weight > int_read weight)
{

x =r1_weight - int_read weight;
if(x > 100)

calibration_factor -= 1000;
else if(x > 100)

calibration factor -= 10;

else

calibration factor -= 1;
flag_stable=0;

}

if(r_weight < int read weight)
{

X = int_read weight-r weight;
if(x > 100)

calibration_factor += 1000;
else if(x > 10)
calibration_factor += 10;

else

calibration_factor += 1;

flag_stable=0;

101
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}

}

}

float get_units_kg()

{

return(scale.get_units()*0.453592);

}

void ReadWeight()

{

scale.set_scale(calibration factor); //Adjust to this calibration factor
Serial.print("Reading: ");

String data = String(get_units_kg()+offset, DEC_POINT);
Serial.print(data);

Serial.println(" ke");

}
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Vimax (V) Vavg (V) Vims (V) Force (N)
0.8 0.409 0.4 0
0.8 0.432 0.4 100
0.8 0.483 0.4 200
0.8 0.58 0.566 300
1.2 0.624 0.566 400
1.2 0.905 0.894 500
1.2 1 0.98 600
1.6 1.26 1.2 700
1.6 1.4 189 800
1.6 T 5% 1.55 900

2 1.66 1.65 1000
2.4 1.8 1.79 1100
2.4 1.98 1.96 1200
2.8 2.2 2.19 1300
2.8 245, 2.5 1400
2.8 2.61 2.59 1500
3.2 2.76 2.74 1600
3.2 2.9 2.9 1700
3.2 3.01 2.99 1800
3.2 3.19 3.18 1900
3.6 3.21 3.2 2000

111 : lassnunsuTulsaesesinusainuuugnnisssesi 1, 2557
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HX71

24-Bit Analog-to-Digital Converter (ADC) for Weigh Scales

DESCRIPTION

Based on Avia Semiconductor’s patented
technology, HX711 is a precision 24-bit analog-
to-digital converter (ADC) designed for weigh
scales and industrial control applications to
interface directly with a bridge sensor.

The input multiplexer selects either Channel A
or B differential input to the low-noise
programmable gain amplifier (PGA). Channel A
can be programmed with a gain of 128 or 64,
corresponding to a full-scale differential input
voltage of £20mV or +40mV respectively, when
a 5V supply is connected to AVDD analog power
supply pin. Channel B has a fixed gain of 32. Cn-
chip power supply regulator eliminates the need
for an external supply regulator to provide analog
power for the ADC and the sensor. Clock input is
flexible. It can be from an external clock source, a
crystal, or the on-chip oscillator that does not
require any external component. On-chip power-
on-reset circuitry simplifies digital interface
initialization.

There is no programming needed for the
internal registers. All controls to the HX711 are
through the pins.

FEATURES
+ Two selectable differential input channels

* On-chip active low noise PGA with selectable gai
of 32, 64 and 128

¢ Omn-chip power supply regulator for load-cell an«
ADC analog power supply

¢ Omn-chip oscillator requiring no external
comp onent with optional external crystal

¢ Om-chip power-on-reset

« Simple digital control and serial interface:
pin-driven controls, no programming needed

+ Selectable 105SPS or 80SPS output data rate

+ Simultaneous 50 and 60Hz supply rejection

+ Current consumption including on-chip analog
power supply regulator:

normal operation < 1.5m A, power down < 1u:
+ Operation supply voltage range: 2.6 ~ 5.5V
* Operation temperature range: 40 ~+85'C
¢ 16 pin SOP-16 package

APPLICATIONS
* Weigh Scales
+ Industrial Process Control

(e Yo Ysor 2.7-55V
_]_ R2 Rl
10uF
Load cell @ YFB BASE 1 VSUP DVDD
R et AVDD
; I ) t 3
: i I Analog Supply Regulato I
1 T
i e g2 Supply ouT
: - B :D_ To/From
- B e PD_SCK (¢ wicy
e s i Input 24-hitTA Interface p—F——
CHE ADC
IN_BI: — PGA TH
= Gain - 32, 64, 128 —]
T :RA?
VEBG Tt Al
_I_—Ed— Bandgap Reference Oscillator HX711
0.1uF T ‘
$ x1 Uxo

éAGN‘D

Fig. 1 Typical weigh scale application block diagram
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HX711
Pin Description
Regulator Power VSUP ] 1 ® 16 3 DVDD  Digital Power
Regulator Control Output  BASE [ 2 15 =1 RATE Output Data Rate Control Tnput
Analog Power AVDD [ 3 14 (3 XI Crystal 'O and External Clock Input
Eegulator Control Input VFB [ 4 13 [ XO Crystal /O
Analog Ground AGND [ 5 12 |1 DOUT  Serial Data Cutput
Reference Bypass VBG ] & 11 3 PD SCK Power Down and Serial Clock Input
Ch, & Negative Input  INNA [ 7 10 [ INPB  Ch B Pesitive Iaput
Ch. A Positive Input  INPA [ & 9 [ INNB Ch. B Negative Input

SOP-16L Package

Pin # | Name Function Description
1 VSUP |Power Regulator supply: 2.7 ~ 5.5V
2 BASE [Analog Output [Regulator control output (NC when not used)
3 AVDD |Power Analog supply: 2.6 ~ 5.5V
4 VFB  |Analog Input [Regulator control input ( connect to AGND when not used)
5 AGND |Ground Analog Ground
6 VBG  |Analog Output [Reference bypass output
7 INA- |Analog Input  |Channel A negative input
8 INA+ JAnalog Input [Channel A positive input
9 INB- |Analog Input |Channel B negative input
10 INB+ |Analog Input [Channel B positive input
11 [PD SCK |Digital Input  [Power down control (high active) and serial clock input
12 DOUT |Digital Output |Serial data output
13 X0 |[Digital I/O Crystal IO (NC when not used)
14 X1  [Digital Input  [Crystal IO or external clock input, 0: use on-chip oscillator
15 RATE |Digital Iuput  [Oulpul dala rate control, O: 10Hz, 1: 80Hz
16 DVDD |[Power Digital supply: 2.6 ~ 5.5V

Table 1 Pin Description

3‘1]‘1'7; %4.2 HX711 Data sheet
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KEY ELECTRICAL CHARACTERISTICS
Parameter Notes MIN TYP MAX |UNIT
Full scale differential
input range V (inp)-V (inn) + 0.5(AVDD/GAIN)
Common mode input IAGND+1.2 AVDD-1.3
Internal Oscillator, RATE =0 10 Hz
Internal Oscillator, RATE =
d DVDD 80
Ruipulsdataitiie Crystal or extemnal clock,
RATE=10 fiu/1,105,920
Crystal or extemal clock,
RATE = DVDD 1.4./138,240
Output data coding 2’s complement $00000 TFFFFF | HEX
Output settling time P00 L, ms
RATE=DVDD 50
Input offset drift eain — 138 42 Y
Gain = 64 0.4
. Gain =128, RATE =0 50 nV{rms)
[nput noise
Gain = 128, RATE =DVDD 90
remperatill Hril Input offset (Gain=128) 16 aV/C
Gain ( Gain = 128) g5 ppm/"C
Input common mode
rejection Gain =128, RATE=0 100 dB
Powver supply rejection |Gain =128, RATE =0 100 dB
R eference bypass
(Vo) 1.25 v
Crystal or external clock
frequency 1 11.0592 20 MHz
DVDD 2.6 5.8 v
[Power supply voltage
AVDD, VSUP 2.6 88
lAnalog supply current
(inchiding regulator) Normal E20 L
P ower down 0.3
o [Normal 100 TP
[Digital supply current
P ower down 0.2

(1) Settling time refers to the time from power up, reset, input channel change and gain change
to valid stable output data.

Table 2 Key Electrical Characteristics
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HX711

Analog Inputs

Channel A differential input is designed to
interface directly with a bridge sensor’s
differential output. Tt can be programmed with a
gain of 128 or 64. The large gains are needed to
accommodate the small output signal from the
sensor. When 5V supply is used at the AVDD pin,
these gains correspond to a full-scale differential
input voltage of £20mV or +40mV respectively.

Channel B differential input has a fixed gain of
32. The full-scale input voltage range is £80mV,
when 5V supply is used at the AVDD pin.

Power Supply Options

Digital power supply (DVDD) should be the
same power supply as the MCU power supply.

When using internal analog supply regulator,
the dropout voltage of the regulator depends on
the external transistor used. The output voltage is
equal to Vaypp=Vee™(RI1+R2)/ R1 (Fig. 1). This
voltage should be designed with a minimum of
100mV below VSUP voltage.

If the on-chip analog supply regulator is not
used, the VSUP pin should be connected to either
AVDD or DVDD, depending on which voltage is
higher. Pin VEB should be connected to Ground
and pin BASE becomes NC. The external 0.1uF
bypass capacitor shown on Fig. 1 at the VBG
output pin is then not needed.

Clock Source Options

By connecting pin XI to Ground, the on-chip
oscillator is activated. The nominal output data
rate when using the internal oscillator is 10
(RATE=0) or 80SPS (RATE-1).

If accurate output data rate is needed, crystal or
external reference clock can be used. A crystal
can be directly connected across XI and XO pins.
An external clock can be connected to XI pin,
through a 20pF ac coupled capacitor. This
external clock is not required to be a square wave.
It can come directly from the crystal output pin of
the MCU chip, with amplitude as low as 150 mV.

When using a crystal or an external clock, the
internal oscillator is automatically powered down.

Output Data Rate and Format

When using the on-chip oscillator, output data
rate is typically 10 (RATE=0) or 80SPS
(RATE=1).

When using external clock or crystal, output
data rate is directly proportional to the clock or
crystal frequency. Using 11.0592MHz clock or
crystal results in an accurate 10 (RTE=0) or
80SPS (RATE=1) output data rate.

The output 24 bits of data is in 2°s complement
format. When input difTerential signal goes out of
the 24 bit range, the output data will be saturated
at 800000h (MIN) or 7FFFFFh (MAX), until the
input signal comes back to the input range.

Serial Interface

Pin PD SCK and DOUT are used for data
retrieval, input selection, gain selection and power
down controls.

When output data is not ready for retrieval,
digital output pin DOUT is high. Serial clock
input PD_SCK should be low. When DOUT goes
to low, it indicates data is ready for retrieval. By
applying 25-27 positive clock pulses at the
PD SCK pin, data is shifted out from the DOUT
output pin. Each PD_SCK pulse shifts out one bit,
starting with the MSB bit first, until all 24 bits are
shifled out. The 25" pulse at PD_SCK input will
pull DOUT pin back to high (Fig.2).

Input and gain selection is controlled by the
number of the input PD SCK pulses (Table 3).
PD_SCK clock pulses should not be less than 25
or more than 27 within one conversion period, to
avoid causing serial communication error.

PD SCK Pulses CIII‘;II’]'I‘IZI Gain
25 A 128
26 B B
27 A £d

Table 3 Input Channel and Gain Selection

3‘1]17; 4.4 HX711 Data sheet
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HX711
Current Ouip ut Data Jaxt Jutput Data
v Ome conw ersion perind ¥
pour | MSB x X x : x LB l e
e T; Ta -~
«— i S
PD_SCK E 1 2 3 P 21 25 l‘:;xt Comversiony CH.A, Gain:128
! T -
b d
PD §CK 1 2 3 4 24 25 26 Text Comverslons  CHB, Gallis2
PD_SCK 1 2 3 4 24 25 206 z7|  DextComversion: CHB, Gain:64
Fig.2 Data output, input and gain selection timing and control
Symbol Note MIN TYP | MAX | Unit
T, [DOUT falling edge to PD» SCK rising edge 0.1 s
T, [PD_SCKrising edge to DOUT data ready 0.1 Ls
T; PD SCK high time 0.2 1 50 s
T, PD SCK low time 02 1 1]

Reset and Power-Down

When chip is powered up, on-chip power on
rest circuitry will reset the chip.

Pin PD_SCK input is used to power down the
HX711. When PD_SCK Input is low, chip is in
normal working mode.

Power down:

®

;‘_ Gliges — Power down Normal

Fig.3 Power down control

When PD_SCK pin changes from low to high
and stays at high for longer than 60ps, HX711
enters power down mode (Fig.3). When internal
regulator is used for HX711 and the external
transducer, both X711 and the transducer will be

powered down. When PD SCK refurns to low,
chip will reset and enter normal operation mode.

After a reset or power-down event, input
selection is default to Channel A with a gain of
128.

Application Example

Fig.l is a typical weigh scale application using
HX711. It uses on-chip oscillator (XI=0), 10Hz
output data rate (RATE=0). A Single power
supply (2.7~-5.5V) comes directly from MCU
power supply. Channel B can be used for battery
level detection. The related cireuvitry is not shown
on Fig. 1.

SUl 9.5 HX711 Data sheet
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Reference PCB Board (Single Layer)

1
l||—| f (27-5.5%)
E MCU VDD
Q1 L ysup pvop |—18
:I L 2 e ratE —L )y
[20-3.0¥) 3 4|
EY 1 AVDD bl |t
El 2 _H| 1 13
&l A | VFB %0
Gl kel 5 12
c3 ACND DOUT
100F == p .
VBG PD SCK ——
¥
‘|l|_ e e (——{|p
(e ) | mpa INER (—2—]1.
01 T
100 g
i3 HX711
4]
R4 100 T 0. 1uF

Fig.4 Reference PCB board schematic

&,{ " =

Fig.5 Reference PCB board layout
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Reference Driver (Assembly)

VE:
Call from ASM: LCALL  ReaAD
Call from C: extern unsigned long ReadAD (void)
unsigned long data;
data=ReadaD()
*/
PUBLIC ReadAD
HX711RON segment code
reeg HX711ROM
ahit ADDD = P1. 5;
sbit ADEK = PO.0O;
VES
QUT: R4, R5 R&, RY  R7=>LSB
*/
ReadAD:
CLR ADSK //AD Enable (PD_SCK set low)
SETE  ADDD //Enable 51CPU I/0
JB ADDD, § //AD conversion completed?
MoV R4, #24
Shiftout:
SETE  ADSK //PD_SCE set high (pozitive pulse)
NOP
CLR  ADSK //PD_SCK set low
Moy C, ADDOD //read on bit
XCH  A,R7 /fmove data
ELC A
XCH A, R7
XCH A, RE
RLC A
XCH A&, R6
XCH A, RE
RLC A
¥CH AR5
DJNZ R4, ShiftOut /fmoved 24BIT?
SETE  ADSK
NoP
CLR ADSKE
RET
END

sUfl 9.7 HX711 Data sheet
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HX711

Reference Driver (C)
A

shit ADDO = P175;
shit  ADSE = PO°O;
ungigned long ReadCount (void) {
ungigned long Count
ungigned char i
ADDO=1;
ADSE=0
Count=0:
while(ADDO) ;
for (i=0:1<24;i++){
ADEK=1
Count=Count<<1
ADSK=0
1£(ADDO) Count++:
1
ADSE=1:
Count=Count " 0x800000;
ADSKE=0;

return(Count),

9
U

U

=
7
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HX711

Package Dimensions

6.20
6.00 580

10.10
p—— 9.0 o

Ny

_T_ { kY
o418 J

- 127 0.48
0.39

R RN i }—Tug

MAX

Twp Unit: mim

SOP-16L Package
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