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Abstract

Code of project : A8-2018
Project name : The Measuring Velocity Meter for Current in The River
Researcher name : Mr.Sanya Samaimak (Head-Project)

Mr.Jetsadaporn Satansup (Co-Project)

In Thailand, The Royal Irrigation Department is responsible for managing water
availability. There are many instruments are used to read the data to obtain the
needed hydrological data. The instruments that it has applied to measure the
velocity of the tide are the flow velocity meters A-OTT C31 that compatible with the
audio and numerical displayer Z 41-00. They have been used for 30 years, (1988 -
2018).

the design of a flow velocity meter for tides in the river using Arduino was
presented in this research. It was designed to use as a substitute for the audio and

numerical displayer Z 41-00 that were broken.

Keywords: The Royal Irrigation Department, Hydrology, Flow Velocity Meter

E-mail Address : sanya.sam@rmutr.ac.th
Period of project: October 2017 - January 2019
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- Acoustic Doppler velocity

- nsldvuasy

- Fansduq wunisliansiedl n1sldd nisldgunsaifivey Wusdy

2.3.1 Myinszdutin

sgiuihdauduitusiudnsnisivavesinlumsiuayvakiueinissamans
wazduiudiuumanhifuinludoundesiafuin fadunstassduiiigniesasili
ansodwandnnsinaldgndes Fsdsmalinisuimsdaninirdivszansain wazin
UszAvsragean hiAnanudemeannsinninillasnisamusutiinaifiunvietdes
Auly Fegavesszauihildtuinsusaliaunsaiuldifenmnunuiimsianisthiiie
wisunstestudeifiannadudosunainiildaimi wasdsanmsaldtoyadniinis
WasuuUasszAuthinseinlunaiiiagdu Wevuethsaifianintwiau uaznisanas
yoavniionstlesiunazanaudemeiinndnduld [1]

v
o

ATWARIAISEAULND19BUTUANUEN AzvinsIUSeUsUAITUSEAUS 9B

A o« o o &

SRR v3esrAuNasiauduiusiunmsindnsinmsivavesiikiiue A svamans

L4 1

Mlgnsinisirawinduaud Wi AnuanuiluaassazifisuauaniuiuAass ANNENYN

Y

NIUHNEMIBNTTUIYUIA UL IUNUTEAUAUE 8T ON9TLUIOUIAY LALNTULYDUNT DB
Wudnanfieuanudniuszdunsdviedadnifandudu 1]



232 msiannusuaienisiva
msnszaneanuanislualunidanisivevesmaiilaesldwhiuratsn Tu
ns¥annuEanisinaddesutsiuiinthfaduiiuiidesuazinanusanisinalunuaied
AriAnAneg otummAadsnsivavemdhdagosty Fagudl 2-1 ushegnamsnszang
AU5INSINANINAIINEN IINNANITNAABIVEIUNTIAAANSNHUINNITNTLANBANUSINIG
Twasvduitusiuamnunirawaranudnvenitlunisi TneAnadsanuiinisivassiind
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8¢ 3 35 laun Two-point method, Six-tenths method, Three-point method Tun1sidian
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Tumathldwasuilaasiunnn anuaniiuinni 0.60 was lneaginanusiinudn 0.2d
ez 0.8d 91niI [1]

= Voo + V,
p=22_ 08 (Error 2.2%) (2.5)

2
1ng vV fe anuda wasnsluavemisdnda (m/s)
Vo270 anasinmsivavesmadnlefinanudn 0.2d 91niau (m/s)
Vosfe Anusinmsluavesnistinleinudn 0.8d a1nRau (m/s)

n13¥aAaEaNTsInauuy Sixtenths method lunsdifinrwdnvesiidesns
0.60 wins TilazaanlunisinAuEuuy Two-point method Ainwan 0.8d lunsdiilzta
ArurfinTudn 0.6d Iuien wagdilumsihnuadnfriafimumiafsmrsagudnans
s

V="V (Error 1.6%) (2.6)

nN157AA213L57 n15luanuy Three-point method Tu
ns@finteiiroudnedn wazszduinldiwasuudaunn 01981n15IaTileas Six-tenths
method uag Two-point method uiadefiu Inefasinnsunguuuunnsgiudie leidudy
giinANLRANaIAlANIA [1]

B S L

V=3 (% | Vo_6) (Error 1.9%) (27)
1

— = (Voz + Vog +Voo)  (Error 2.0%) (2.8)

2.3.3 nsnsraiarnudueasluiuivihdngesluuuang

nsnaiaanuuedsluiuiinidngesluswanafunsnsefanssumiuys
Nuitdesmiloun1snsraineaeds Three-point method uraglirdasiiotanasuiluwuiis
oghadailosnnininasgitesth videanvissiituginiununisinanggaitsses 0.2, 0.6,
0.8 YoeAuANIINAI HansasTinazdiuiaunuresnislualunuansfinsietadull]

2.3.4 A15M5IINAMUSARALLAUNINTNGANITINE
nsnTTaANULERAsRNTanTNdanTiva wisdeslu
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1. pdedlofmndeuduuanu lnawnissdlefndinsiifinudnlag wu A
s28¥ 0.2, 04, 0.6, 0.8 1INA niesduvioat lurneialfintesdoindoudi
Tununu wensnsainasidufunuvesanuiuedsfissduanudnduves
wtidanslva Bilmmnziunisalumaddinsudeuassedug enatai
seiuanansdulasedunils udrguarduuseandiielidudadeves
aru§uadsvesiantdamslva vieharuaiesiavanediiynseduanudn
Tupsndeals [1]

2. desilotandeufiionnuiuazunusunientu Wunshinduaiesiioad
e liimaindeushuuudnuaniinseunquitutidanisiva (1]

2.3.5 nsiansadanisnsnsiadafimunzay

Tun1snsaiasamnislnassfesiansandenldiadediowaziinisfivunsan Tng
FosiasananesdUsnousellil

- dnwarwaranweas T U, v, Asidsendlumai vielvainiy

v i Fulsl vieuls! menou Suity vdean e was

- Sammswasuulassesutilumai

~ AuLSwRInsELET arduusiudnsifaveaiasieTausazydn

- Fhwarnslva suieu vietulou

- wlansrduuvenaiesdeniegunsaififldan surinaidadmdni

- syfummiaziBengniosvemanisniaiaiidesnsiluldusylewd

- utszanaualgany

2.4 MsIanszuaindleasesioTanssuatindena

Tunsnseiaaswetnnuidinssuatrluninaunazldindesdlie tansyuani
(Current meters) Iapnuisivesnseuaiin fnidanisinaiivunudldndnnis Velocity-
area method Lﬁaﬁwmsﬁﬁamﬂ%mmﬁwmumﬁwﬁwmaﬁ@ﬁ?u Lﬁaﬁﬁauamﬁmwi’m
uﬂumqmmmumm mm@muumai’mmuﬂﬁw Rating curve Fanswizduedesie
Ium'ﬁmumﬂimmmmamsmﬂUiymmmmléﬂumammﬂumiaiwammmmuuﬂum
uu [1]

wiesiledanssuatndna (Mechanical current meters) Wutadasilefivinauy
\Fana Inedlsznevveaaiesdioiimandeulmidlenszuaiilvar nsdeniewriadile
fnGennudefussivtmuniaiodlo vienmlsanudings wiseseondu 3 via de
wiosdiotadidnsvuuseuunuds in3esfietafiin1svausouunuuey ez Pendulum

current meters
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2.4.1 \asfladaiifinsvyusauunuda (Vertical axis)

funtesiienfidmussneuvdndugniensinge Jaden infesdieTansvuat
LUUgNeE (Cup type current meter) MnMIATdnuaIzAdNBIAIsIANTEUAANLUUGNEE
(Anemometer) U9A$53901N138n Anemometer current meters

Price type AA \udasiloTafivharnndnlasnaily eonuuulag Wiliam Gunn
Price Usznaudegniiensenge 6 luileudovuununyuuuads fadesiionmuad
ukgugnans 5 47 g9 2 12 Jagtugu Price 622AA WusuImsgIL Ailaindvinduia
wuuiduan 2 @y dddumsinazliuunmeismsuyilaieiladeaieindesilonyunsusey
wazwihdudaainddudalasesmielilesiudmefiflodunaiuseuainnisnssinvonds
fiwofifloindosionyunsuseu Losnadesdietauuugnie ez iafanaralduinmnns
Inavosideudsiutn wesmniumineiosdiolindufiensuuadenfefianmsiva ua
nsnsantafazionatnld Saflnisusshviasumaiiefnsufiufuedesiiotn et usu
firmansesilelyniseglumniianisivaldiowasnian [1]

‘E‘Uﬁ 2-2 Cup type current meters LUULIRATIIU Price AA type [2]
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SUT 2-3 Price type 622AA Aindsnsumnstistadudiavig [3]

2.4.2 \3ailoYaiiinnsvguseulnuuay (Horizontal axis)

wiasileUszaniildun wdasiietanszuatuuuluin (Propeller type) 13asile
wuhasiRenansgnuannisinedutumesidesntuuugnie nsmuasiiamiuades
i wszununmsyueglunuadisatuiienisiva lditdamanaenouiilvavuuniuih 3
yuadnihuminiun wissdeuvuiduuuuuseiviluglsy Svanegunu W Ott meters
(Germany), Neyrpic “Dumas” meters (France), Hoff meters wag Haskell meters (USA),
Braystoke meters (England), Oss meters WHudu

winsilerlunguilusazuuy Sniifuinnsgu wasuliuupdtvnndn lneusos
suaslivuinsngg Adsesmsiarasaisietu visuudasdimandsldauauistiagiu
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U7l 2-4 1eFeaflotanszuaiuuuluin OTT C31 Current meter [4)

2.4.3 \w3psiioanszuatuuunugdy (Pendulum current meters)

wdesdiatnnsruaivdaivhaulaslindnnisudes Sngfigndieduaiaviedu
deonasllumai ierhiivdefinssuatidesuing Sagiunlitududenazegluuuiia us
dlofinszuainssuingfinntiedunisinavesth vlinggnnszuatiandniilfuundy
Fonidoauuluansumiady %QﬂawuL%faﬂizLLaﬁﬁazé’uﬁuéﬁuguﬁL%ﬂLuulﬂ fuedesile
fauvumugduazdszneusmesenvdssidumaniadeniivareidenynyulans (Meta
resistance buoy) fildvmiiiugngfunssuain duaTesdieasiigniniieusussduiniesile
Teglumnsunaeaa agldeuanpituadudondsavuluanuuiddgnies [1]

1. Graduation for reading the vertical angle
2. Metal resistance buoy

3. Bubble tube

4. Depth indicator

JU7 2-5 1aTeailoiansenszuathluunugay wuu KLM [1]
115015797098 1UAMUIINBUIFWToNTUULUINUUIAT (WUIRIAIINSET
nszuaul = 0) wanthAyuluivisuiu Calibrate curve vaapIaaiinazldfinnusvenis
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lyia Gaaugniesvesnsinduegiuauinivdeujulane vuakavimvinves|u vu1a
Youdumnviselien uagan Calibrate curve vawjulavgianizusagsy [1]

2.5 masauifisuIasiionsraiauiunaih
defiansunludimvesnsnnaindeiededegunsailareinisaionu Feas
osRUsznaudfyvesudazdsliun dundesilegunsaiazenasaiunu MszneumegUsis
sUnsavevLNeliA Yanildaine anaudRans (Specification) lunsldnsainliun maeu
WigusnsnsivafienadumswSensrnsoaunsvesgunsaiiniosile ﬁwé’mﬂizﬁmémaﬁ
n3lva aunnslélunisdna mawsensmdasmslvavesenaisniugy msm‘umm
Usgnaudendninust Fen1stuneu eumssiusaranmadouiitmuslfianeda sl
mnasAuszneunnesliasuduanysal nmnaiafazligndesinnufanaaiintu ms
LLf’ﬁJzy;vmmmﬂm‘wa1m?'iLﬁﬂsﬁuv‘fﬁlﬁimEJﬂWs‘d%‘u‘Uq%hmmé’uﬁuéw%’hamﬁﬂizﬂa‘um'N6]
wiantfutuall Welinisnsaiaviinagndesiandy nssurunislunsamageuany
gneshonsiouiivuiuAaisfigndesesdsiigninizondt msasuiiieu (Calibration)
mMsdeuiisugunsniuazieiesliensiaindniinsiva sgiinsaeuiiisuideldldam
Uszoganiiimuald viodeldwuininnistse vieasdeiterafanmstigadomeiu
gunsalirgesile 1wy nsdlvihmnviensyunn uduanin date Wienuirlinadnwazusedis
seoanluanifn nstenuvuar M ufisugUnsalindesiletamsilaegiinnudiugy
wgnsdeufisugunsainazieTesiiennsy du fndesilufesufiimemesamanifises
g Unsaluazirdesilefifinmgnéoausiugunsiainiewseuiisu feddinaunn Jsans
avlutenuevieasuifisutumieruiiliuinamsduilaonss (1]

2.6 vasalulasraulnsaaesnieslugaieasiasetiel¥as ESPino

vesnlulasreulnsaiass ESPino (ESPino Wifi Development Board) gnesnuuy
wazRunlnouienlnedddian (ThaifasyElec) Wuveaslulasaeulnsalaeiililuga
WROOM-02 ulugadeansirdesnsnaufiameslians (Wireless LAN) sl ESP8266 Wi-
Fi Soc 91AN19 Espressif Systems iHululasaeulnsaaesvuin 32 On wuulsendanaseuy
AT 80 MHz wieuminganuduavauin 4 MB se33unisidiouseinietnsuinsgiu
IEEE 802.11 b/g/n AuA 2.4 GHz wiaa TCP/IP Stack #5umadina léua GPIO SDIO PWM
ADC HSPI UART 12C 125 Taganansafimunlusinsuuuinanasueiinelu (Arduino) lng
msﬁmé‘?mwmmaﬁuaquua%m (Board Support Package : BSP) w83 ESP8266/Arduino i
adlu Arduino IDE [5]
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Ul 2-6 Mdmsunsldauaes ESPino [5]

Ua3n ESPino iunzdimiunisurluiaiuiaiuiy Internet of Things 1Wugunsal
Uaneniafiesuamanduwessedsriaiuauludaunsalimulilvaansadlldaula
S a o ] o a
AausinsseusUkazn1sUszgnaldlunmsiaunseuuiingg Tunsldamasa [5]



UNN 3
N159DNKUVIIUIY

TuunflagdauesisaziBongunsaliitiertos 3n1svheu vdenlaezunsuuans

A o

druusznaureaduay adysananinisinau wesTiukasngullianldlunisesnuuy
wazas1vgunsalenuauiveanszuadn wWiethundoussiuaios A-OTT C31 nauny
LA30IUBNA QY A ILATILEAIAILAY WUU Z 41-0 00 Lanflaanansam@eniieldlunis

HouU133lel

3.1 1A%097ANTEILEYN A-OTT C31

U 3-1 Iwesdmsuianseuarounyseeasd A-OTT C31

A-OTT C31 1WJufiwasinnseuatiiounuseasn (Universal current meter) Faiu
gunsaimsindmsuinainnuiinisiravesnszuauiluainasala (Open canals) 81515
(Rivulets) wiun (Rivers) kagnzia (The Sea) Wutneiuluvieidaudiy (Pressure pipes)

Taglddmsuinamnusivesnisivalanauwd 0.025 WasAuNd auds 10 wns/Au [4]
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JUN 3-2 msldsiwes A-OTT Tanseuaun [4]

3.1.1 nM9ieuvesiiines A-OTT C31

lusinvasiised AOTT C 31 axgnnszuatvinliluinvesiimesngu Fezvhliiuny
wiwdnvguaslusme Tnevilsseuvesnismuresuavusivanazyinfunmsyuniaseues
Tuitn melufimefagiminduiauuniufndieulees (Reed contact) Andagmely Weuay
WA nuyudRAuuIgesIzinyavesdygIaWad (Pulse sequence) Fu Tudndui
TndiAssfunnudivenszuath w gafvinismiug Tnseuduiusssrinaswaumsnyu

nilssevvadluinaeluniuazainusweinseuairmnunlagaunsi (3.1)

v=k. .n+sA (3.1)

oy n fio 9 sounNIsuyuveluinse
N9

k 9 szuzaeslanseda (Hydraulic pitch) (m) mMuualasnismadeuludinuy
sl (The modern rating tank)

A fe Arpnuenaasil (was/Aud) fmualaenisneaevluduuulug (The

modern rating tank)
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3.1.2 §1Un1590

v
[

grunsinagduegiuszervadduiniiion lnganunsaldiwesinnssuatingiunis

o & a ' 1Y) P A H & &
Saanusinwansaratule Tunsainnszwaunlualiduwuinsenisiualukuiosddsenau

%
(%

ansainlalngegneludisvesunuiveiavedluindewmnsien 3.1

M99 3.1 grunsinvesdinesinnsziuaunvungee) [4]

. ALLE) ‘2 v
NULAY YUINVDILUNA y AITULIILIUAU NaNIENU o
o v . N, NTELEAUEEN ~ - 60
Tuiin U Audnany/szegluin v (915/3U19) SINRIEY '
? (Lum5/3U9) )
50
1 125 331, / 0.25 4. 5.0 0.025 50 Pty
1 122.5 1yl. / 0.25 4. 5.0 0.035 5 WANEAN
2 125 131 / 0.50 4. 6.0 0.040 Py
2 122.5 131, / 0.50 1. 6.0 0.060 > Wanafin
3 125 w31 / 1.00 w. 10 0.055 5° paililley
4 80 3l / 0.125 al. 3.0 0.040 50 paililley
7 125 131, / 0.30 4. 10 0.030 5o WANEAN
A 100 3131, / 0.125 a1, 25 0.030 450 ogiliilys
R 100 a1y, / 0.25 4. 5.0 0.035 Pty
150

3.1.3 n1suszendldanu

dnsunisldaruiinesiansenatludisisvuindnwasiseauinnuialaiuia

'
[

Tumslvasig msldeufivesianssuath c31 awldsufuuvislane (Rod) laeiiBunmsgu
Tunisindedinesanseuaiivuwislanzeg 238 1éun n1sdadsuuwislanzauin
urgudnans 20 u. Inenssdsasilfldannsniadsusundsldlurazgunsaioglut
vie msfinsauuuidlanelaensligunsaifianunsaidsusmumislidessilianson e
si’mmmiwaaﬁmaﬂéﬁmaiu'ﬁi’wLﬂuﬁaqﬁwqﬂﬂiﬁsﬁuaﬂﬂﬁwLﬁamsm?{&mﬁ%mm Faguit 3-3

LAY 3-4 AINAINU
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o
(2

JUN 3-3 Twesinnseuatnfnnsuuwidlanguwin 20 1. (4]

e

.

-L_| : 2 1—;.-; - ‘;‘__-j}
i

|

T

JUN 3-4 dwesinnseuarn

v
a o

ARG

vuvidlangun 20 1y, kazgunsalAsusiumua [4]
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U7 3-5 nsldnuwesiansyualudisnsvuaén (4]

o

dwfunislinudiwesianseuaiiluseduinidanudnuazanusalunisivagenda

'
=l

fmeTinnszuaurvzgnldanusiuiuaeinda Asgun 3-6 fa 3-8

JUT 3-6 lweaTianszuahuvuuuaeiadalasuau Uib) Sudwinld 25 Alansu (4]
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1%
v o

5UN 3-8 Mmsldauiiwesinnszualuiumianseduindaiugn
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3.2 NNS9BNLUUKAZNNITAS19AULUUY

3.2.1 udanlaazunsu (Block Diagram)

Tuiamesiiinos A-OTT C 31 lognnseuarivhliluvinvesiinesusu azviliuay
wimdnuyusmsilue Taeviliseuvesnsvyuvesuauusimdnazvindunsmuniliseunes
Tuiin meluliwesavinihdulauuniuindiguees (Reed contact) ﬁﬂ&y’qaeimaiu dlouay
wlwdnmpundaiuigusesevifingnvesdaaaniad (Pulse sequence) T Tudaduil
Tn&iResifunuidweanseuaih a f\mwmmi:}muuq TngAnuduiussEnIedIuIuN Iy
vilaseuveslusiasedundl andeyaiinaniandneiu futhisulsihnisesnuuunisaiie
gunsalfunuy Tnsannsauansluguuuuudonlaezunsulisegud 3-9

Chl Ch2
Oscilloscope 2 x16 char LCD Serial Monitor

' Y F 3

Function
Generator

Signal Condition | ESPino

Switch

sU7 3-9 uenlassinsu (Block Diagram)

Function Generator

.c;*“- = g
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HsdulauiueLsnes (Function Generator) Ao sasnvinuiilanlndoyeyo

<

[

ganu e viny lngsunuudyaanlaszivansuuy laun dyaalles (Sine Wave),

£

[

ﬁ’mmmﬁnﬁau (Squre Wave), é’@apmmumﬁ'au (Triangle Wave), dgyeynauiissl (Ramp
Wave), dyanauiiuides (Sawtooth Wave), dyanaiadiifivea (TTL Pulse) Wusu tnefi
AR (Frequency) LagsERULIIAULDIWINM (Output Voltage) ansnsanazusuals Tu
ATl fuauuesmesiunmsiedyananiiedumssassdyailiann

Awmas A-OTT C 31

Uscilloscope

gﬂﬁ 3-11 poavalaalay (Oscilloscope)

(%

peadalaalay (Oscilloscope) fie a3asilotndygralni uanwasonunduns
FeazuansraruIenn lneilueseaaladlavasgnlddmsuinaussiuvasinih n1sin
AU Tamavesdygn wazlddmniunisinusenurazaiuian Tusideiisazly

seadaladlay Tunsindygantianilinduauueswes iedudunnugnsies
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Signal Condition

JUN 3-12 FnuuaneudAdu (Signal Condition)
314 (Signal Condition) Ao @un1sUSULAIENIZURE Y QYIad VINUT
radlviianumnngaulunsiluld legagviminianneg laun nsusu

[

Auduazmsasuseaudyainy, nsulasnseuadunsadiy, nisudasussiudunssua, nns

FnuuUaAaUA

(%

Y
YSuusarserldeudan

N3EAY, NTVLEFYYIN, NISNTBITYIN, DUTLAUTUUYTY, UenglaInDTLALANNRLS
wod, myussiadayan, nswasseudunnud Wudy lumddeisldeonuuuases
Tughuiiviminiiusuusiseanzvesdyanaiuanes Inearldlediues an3s Usznauegly
299s7ildeenuuutiuge WieliunuasiBnisuendygnamsliin hilvsesiunuuiliide

aAnnsaldanulanunIui sy

2 x 16 Che LCD

JUT1 3-13 0UARAIHALUULBATAYUN 2 UTTTIA 16 MENWT (2 x 16 Char LCD)
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OUAPINALUULOATAYLIA 2 UTTVA 16 F28NWS (2 x 16 Char LCD) fe guUnaifild
TuNIUARIARUUAENYIAT 9DUAAIKALUULEATH (LCD : Liquid Crystal Display) tuiu
QoUARINALUY Dot Matrix Inguiaiidentanldlumuided fo 2 x 16 vie 2 ussvia 16
AITNYT NSLANIHALAREAITNYTILLANUALBEAWINNU 5 X 8 0 IDUAAINALUULDATAY
Usgnause 2 daundn fle drulanwaviontioe wag drumuau lunmaidoulusunsuiie
LAnINAVIRBLARINALUULEATA awilumaTulsunsuilodslediviivihfiasunuae
weadi Mnduledivhminfimusureueadinefumhilumauauionzmehauimn
voava0 lunuideilinagldreuansmauuuioadivunn 2 ussita 16 §dnws Tums
namsnavesrfiewls uazdrudndedldinagiisdudonsldon

ESPino

SUTl 3-14 vadndloailil (ESPino)

vedndloadilil (ESPino) A vosalilasroulnsalaeinieslugadomsiaiotie
rouImeshiany (Wireless LAN) vasndioaiiluliluga WROOM-02 (EFDVA55) T
ESP8266 Wi-Fi SoC 91113 Espressif Systems dadulilasnoulnsaaasuunn 32-bit wuu
Usendandsanu Aanga 80 MHz viheanusuuuunamlas 4 MB sasdunisideuse
\3eTN8AAT51U IEEE 802.11 b/g/n mufl 2.4 GHz Wies TCP/IP Stack Siduimedina
@A GPIO SDIO PWM ADC HSPI UART 12C 125 anansaaunuuunanwesy Arduino Aag
BSP ¥4 ESP8266/Arduino wiendn CP2104 t¥u USB-to-Serial dmsudnlvanlusinsu
ua9asenlvansnludd ludesnaaindluraglUsunsuuese NIgdInsusuaIu loT
(Internet of Things) lunuAdsilisndenlduesndieailtvimihduveinmuaumdn
TWsunsuiifhifedouiuazgninanasludivesnaioadiliil



26

Switch

[

dind (Switch) TunAdeiiisndenlddintuuunafinUdessiu aindgnldiiieniuny
QREIEHIANENGRRTY

a

SU# 3-16 @3euetlimes (Serial Monitor)

#3e3uefinmes (Serial Monitor) fie wn3ealefignidlunisdeansseninereuiames
fiu vesansznaesnelu Hiunesneunsy vilisiaunsasuAvsedwrnlanluduesansena
913gulu ieliueinnsenaoisqeluvihaumuiiivuall
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3.2.2 1935 (Circuit)

nnudenlaszunsuiiuinideliinseonuuuisasiieldnmelugunsalduuuuillés
meiTouae ALY 2asfiuanslifagui 3-17 ihnsasiiiunismageuuazudlederianans
maneass mavsuusuilamansadafnnnuaiidanmamasediiduluauiigesns ua
msufulsuilednvansgafufnanarudesnafisfumeslidsewen wasiand i
Ul 3-17 WnesidunainanmseonuuuiargnuiudgauAlvauauysalind

3.3V
o (&
A3 Arduino
e[ GPIO 16
Light Switch L& Ter-7 Oscilloscope
-{o
_E Ter-6
Q GPIO 5/ SCL
2 GPIO 4 / SDA
2x16ChrLCDI'C
No Use
33V GPIO 15
GPIO 2
PCFB574 33v | GPIOO
X | | ]| X
Terd o) [of [0 W] [ e |
Selector B v
PT65-01 F2—-fo} F—e — &
RNy ey I GPIO 14
B _|ofP5
|—,G |—,G A _1,1P4
© GPIO 13
Com |, -
Pzl Al
Start Button o Ter-3 AO
_17 5V J;
Opt: Short Jum-1 Jurn-2 ~
Cal: Open Jum-1, Short Ter-1 E ) Q=0
um-
\ 3.3V
Gen : 3.0V / 2kHz Square Max ; aAN3S
a1 G S o= B Y. SO
Func Gen | o Ter-2 # b -
¢— GPIO 12
A-OTT Ter-1
P

JUN 3-17 29395 (Circuit)
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3.2.3 WHUNTWHEAIAIAUIUNDUNITNI91UVBLUSHNSY (Flowchart)

TWsunsuiflfluedessuuutldgnifannifeutussrinmsssnuuudimuesss Ty
sgwhaiifimseanuuuianiafesiuuy Tusunsuazgnivmundeutumugnieuiulude
warluszariamannassiennaey Taunsufignldluedestunuuiifasgnuivdsudlveg
oghartaiilios mavfulsudlaasafufnnuaiildanmanaseslidulumudidonis
wazmsUiuluilednuatsgadafinnnanudesnisifiuiueslifisosmenn naves
Tusunsufiaseanysaignldlilunanuin anlusunsufiaieauysalldgnimnuandiiiiese
m'ﬁ‘v‘hmmLsﬁﬂﬂugﬂLLUULLNuE’I&é’Wé’u%”’umaum'ﬁﬁwmmaﬂﬂmﬂm flaguit 3-18 Faidy
me‘l’aé’nﬁu%gumaumiﬁ’mwumaﬂﬂmmuﬁLﬁumammﬂmiaamLUULLazgﬂU%’UUQQLLﬁlmu
AUNYTAALAT

Start

| Initial Hardware |

| Reset Variable |

Read Usage Time

from Selector

Y

Read Button Start

If Button Start ==1
Yes

| Read Pulse |

| Send Value to LCD |

| Send Value to Serial |

T

| Wait Untill Loop Time |

JUN 3-18 unuisanautunaunsinauredisunsy (Flowchart)



U 4
ANSNAABILALIATIZHNANITNAAD

AINAABINITNINUVDIATDIBIUANUEIVBIN AT LA I RanwUUaS19TY NS
798899V lAYNITENUAIANUDNINTNTULIUUDLTNDS LABLIIL RN TULIULUBLIHADST b
1 v < o % q' ¥ a s 3 o (7 d'
nstedyarandunisdaesdygiantaandnes A-OTT C 31 anuuasininIsdanaxadn
1PNV 8L0ATAVDIATDIDIUANUSIVDINTTRALN TSI TURRNRUUES 19U TnefinisiWiauy
NAY8INISEUANN N UBR T ladLAU

Experimental

4-2 ASLHSLNAITVINADY

Saf
=4
=D
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4.1 MIguAANBInTeiduRuILBIsnesinIud 5 Bad

yhmmnaeaonsimusliilsiduaumeinmedireining dyyradivass Tu
sUuudastadiviues finnd 5 15504 edunsiassdyanildanives A-OTT
C 31 ntuhmsdanauaiildmaihesueadivesaiessiuanudivesnszuamiiildidy
poNLUUAS T

| Cnt @ s40s ‘
| Fre« S Hz

JUN 4-3 neaeeinud 5 185ed vauedsldnaduiEuvia

ficnt 200 s48s ]
\Fre« S Hz 4

SUN 4-4 RaeAuD 5 18509 lneldansyeriaianu 40 Jund

Y

HAIINNINAGRINANLD 5 B5ed vurdilinaduzuinnu was Mveasdaeidon
JrEEIA18TU 40 FUN dnan1singnaes 100%
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4.2 MysruArrudnAsiduauaisnasiinaud 10 Bsnd

yhmmnaeansimusliilsiduaumeinnedireioning dyyradivass Tu
sUwuudygastadiviues innud 10 15504 ieldumssiaosdynuildnniines A-
OTT C 31 Mntwihnsdanauaildmamiaoueativonaioseruaruniomnssuathiild
Foeonuuuadiety

| Cnt 8 740s ‘
| Fres 10 Hz

JUN 4-5 neaaeinud 10 18509 vauedilinaduEuvinem

| Cnt 400 /408s !
| Frea 8 Hz

\,

SUT 4-6 ¥AaRIAND 10 8509 WeLdansyeziianaiu 40 3

Y

HAINNINAGRINANUD 10 18304 Vauzdlinadaisuyineu uag mmeaedlag
\Wonszezlnans1u 40 i dnan1singnaes 100%
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4.3 MIguAANBanTlatduRuILeIsnasinIud 20 Bad

yhmmnaeansimusliilsiduaumeinnedireioning dyyradivass Tu
sUuudastadiiviues innud 20 15504 ieldumssiaesdynuildnniines A-
OTT C 31 Mntwihnsdanauaildmamiaoueativonaioseruaruniomnssuathiild
Fooenuuuanety

| Cnt @ /40s ‘
| Fres 20 Hz

JUN 4-7 neaaeinud 20 18509 vauedslinaduEuvinem

[ Cnt 800 /408s l
| Fres 20 Hz

SUT 4-8 AaeALD 20 8509 WeLdansyezianaiu 40 3

Y

HAIINNINAGRINANUD 20 F30d Vauzdilinaduiuyineu uag mveaedlag
\Wonszezlnans1u 40 i dnan1singnaes 100%
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4.4 M3guAANBInTatduRuILBISnasTinINd 50 Bad

yhmmnaeansimusliilsiduaumeinnedireioning dyyradivass Tu
sUuudasiadiviues finnud 50 15304 ieldumssiassdyauildnniines A-
OTT C 31 Mntwihnsdanauaildmamiaoueativonaioseruaruniomnssuathiild
Foeonuuuadiety

fcnt 0 /40s l
| Fres 50 Hz

JU 4-9 eaaeiAud 50 1B3nd vauedslinaduEuvinem

[Cnt 2000 /48s {
\Fres 50 Hz

JUN 4-10 naaesfinud 50 1§30 lngldenszeliansiu 40 Ui

HAINNINAGRINANUD 50 F30d Vauzdilinaduisuyingu uag mmeasdlag
\Wonszezlnans1u 40 i dnan1singnaes 100%



34

4.5 MygruArrudanTleiduauaisnasiiaiug 100 Bsnd

yhmmnaeansimusliilsiduaumeinnedireioning dyyradivass Tu
s astadiviues finnd 100 Bead iedumsdassdygraildanimes A
OTT C 31 Mntwihnsdanauaildmamiaoueativonaioseruaruniomnssuathiild
Foeonuuuadiety

| Cnt /48s ‘
[ Fres 100 Hz

JUN 4-11 naaaaninud 100 8304 Yauzdilinaduizuyiney

100 Hz.

|Cnt 4000 /40s |
Fres 1080 Hz :

—-

HAINNTNAGRINANUD 100 1850% vauzdelinalausuyinau uag nmaasdlag
\Wonszezlnans1u 40 i dnan1singnaes 100%
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4.6 M3gruArAudnTeiduauaLna$iiaug 200 1Bsnd

yhmmnaeansimusliilsiduaumeinnedireioning dyyradivass Tu
sUuudastadiiviues finnd 200 Bead iedunmsdassdyyraildanimes A
OTT C 31 Mntwihnsdanauaildmamiaoueativonaioseruaruniomnssuathiild
Foeonuuuadiety

| Cnt 0 748s ‘
L Frea 200 Hz

JUN 4-13 naaaaninud 200 F30d Yauzdilinaduizuyiney

| __2|]|] Hz.
=y

Cnt 8000 /40s |
Frea 200 Hz

HAINNINAGRINANUA 200 18504 vauzdelinalusuyinau uag nmaasdlag
\Wonszezlnans1u 40 i dnan1singnaes 100%
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4.7 MmygruAranudanileiduauainnasiiaiug 500 Bsnd

yhmmnaeansimusliilsiduaumeinnedireioning dyyradivass Tu
s astadiviues finnd 500 Bead iedunmsdassdyyraildanimes A
OTT C 31 Mntwihnsdanauaildmamiaoueativonaioseruaruniomnssuathiild
Foeonuuuadiety

[ Cnt 0 /40s ‘ 8
| Fres 898 Hz

JUN 4-15 naaaaninud 500 1§30 Yauzdilinaduizuyiney

500 Hz

Cnt 20000 /40s .
Freq 500 Hz

HAINNTNAGRINANUA 500 1850% vauzdelinalausuyinau uag nmaasdlag
\Wonszezlnans1u 40 i dnan1singnaes 100%
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4.8 MysruArruBnTeiduuainasiinaud 1000 Bad

yhmmnaeansimusliilsiduaumeinnedireioning dyyradivass Tu
sULuudasiadiviues fianud 1000 Bend eidunisiaesdygadldannimes A
OTT C 31 Mntwihnsdanauaildmamiaoueativonaioseruaruniomnssuathiild
Foeonuuuadiety

1000 Hz.

8 /40:
]Fre- 1000 ﬁz o | ,
—

‘gﬂﬁ 4-17 maawlmma 1000 &30 ‘ZJﬂJ“’EJ\‘ih.IﬂG]"LJ@JLﬁJ‘V]N’]U

Cnt 39999 / 485 ‘
Frea 1008 H:

—_—

JU7 4-18 nAaaiA1ud 1000 18504 lneidionsreiiane1u 40 Jund

P o a ¢ oy Wooa o
HAYINN1INARBINANND 1000 18504 vauzdalinadauEui uas nMsvaaeday
\Wonszezlans1u 40 il nudrdenanurana1negf 0.1%
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4.9 MysruArrudnTeiduuaLnasiinl1ug 2000 Bad

yhmmnaeansimusliilsiduaumeinnedireioning dyyradivass Tu
sULuudyaasiadiviues innud 2000 Bend ieidunisiaesdygadliannimes A
OTT C 31 Mntwihnsdanauaildmamiaoueativonaioseruaruniomnssuathiild
Foeonuuuadiety

2000 Hz.

@ /40s ‘
! Fre-u 2000 Hz
——

‘gﬂﬁ 4-19 maawlmma 2000 L850 ‘ZJﬂJ“’EJ\‘ih.IﬂG]"LJ@JLﬁJ‘V]N’]U

Cnt 80001 /40s ‘
Frea 2008 Hz

-

U7 4-20 nAaaiA1ud 2000 18504 lneiionsragliate1u 40 Ui

P o a ¢ oy Wooa o
HAYINN1INARBINANND 2000 1B50d vauzdalinadauEuie uas nMsvaaedday
\Wonszezlans1u 40 il nudrdenanurana1negf 0.1%
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E—— GENERAL PURPOSE 6-PIN
e  PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5
WHITE PACKAGE (-M SUFFIX) SCHEMATIC
2o—}§:l;—os
30—NC Lloa

PIN 1. ANODE
2. CATHODE
3.NO CONNECTION
4.EMITTER
5.COLLECTOR
6. BASE

DESCRIPTION

The general purpose optocouplers consist of a gallium arsenide infrared emitting diode driving a silicon phototransistor in a 6-pin
dual in-line package.

FEATURES
* Also available in white package by specifying -M suffix, eg. 4N25-M
e UL recognized (File # E90700)
* VDE recognized (File # 94766)
- Add option V for white package (e.g., 4N25V-M)
- Add option 300 for black package (e.g., 4N25.300)

APPLICATIONS

* Power supply regulators
e Digital logic inputs
e Microprocessor inputs

.|
© 2005 Fairchild Semiconductor Corporation Page 1 of 15 6/15/05



E—— GENERAL PURPOSE 6-PIN
s  PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36

4N37 H11A1 H11A2 H11A3 H11A4 H11A5
ABSOLUTE MAXIMUM RATINGS (T, = 25°C unless otherwise specified)
Parameter Symbol Value Units
TOTAL DEVICE
Storage Temperature Tsta -55 to +150 °C
Operating Temperature TopR -55to +100 °C
Wave solder temperature (see page 14 for reflow solder profiles) TsoL 260 for 10 sec °C
Total Device Power Dissipation @ Ty = 25°C Py 250 W
Derate above 25°C 3.3 (non-M), 2.94 (-M)
EMITTER
DC/Average Forward Input Current I 100 (non-M), 60 (-M) mA
Reverse Input Voltage VR 6 \Y
Forward Current - Peak (300ps, 2% Duty Cycle) IE(pK) 3 A
LED Power Dissipation @ Tp = 25°C Py 150 (non-M), 120 (-M) mwW
Derate above 25°C 2.0 (non-M), 1.41 (-M) mW/°C
DETECTOR
Collector-Emitter Voltage Veceo 30 Vv
Collector-Base Voltage Veeo 70 \Y,
Emitter-Collector Voltage VEco 7 \Y
Detector Power Dissipation @ Tp = 25°C Po 150 mwW
Derate above 25°C 2.0 (non-M), 1.76 (-M) mW/°C

© 2005 Fairchild Semiconductor Corporation Page 2 of 15 6/15/05



E—— GENERAL PURPOSE 6-PIN
s  PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified)
INDIVIDUAL COMPONENT CHARACTERISTICS
Parameter Test Conditions Symbol Min Typ* Max Unit
EMITTER
Input Forward Voltage (Ir =10 mA) VE 1.18 1.50 \
Reverse Leakage Current (VR =6.0V) IR 0.001 10 uA
DETECTOR
Collector-Emitter Breakdown Voltage (Ilc=1.0mA, Ig=0) BVceo 30 100 \Y%
Collector-Base Breakdown Voltage (Ic =100 pA, I =0) BVceo 70 120 \
Emitter-Collector Breakdown Voltage (le =100 pA, I =0) BVEco 7 10 \
Collector-Emitter Dark Current (Vce=10V, Ig=0) Iceo 1 50 nA
Collector-Base Dark Current (Veg=10V) lceo 20 nA
Capacitance (Vce=0V,f=1MHz) Cce 8 pF

ISOLATION CHARACTERISTICS

Characteristic Test Conditions | Symbol | Min | Typ* | Max Units
. (Non -M’, Black Package) (f = 60 Hz, t = 1 min) 5300 Vac(rms)
Input-Output Isolation Voltage - Viso
(“-“M’, White Package) (f = 60 Hz, t = 1 sec) 7500 Vac(pk)
Isolation Resistance (Vi.o=500VDC)| Rigo | 10 Q
. \ (V.o =& f=1MHz) 0.5 pF
Isolation Capacitance : Ciso
(““M’ White Package) 0.2 2 pF

Note
* Typical values at Ty = 25°C

. _________________________________________________________________________________________________________________________________________________________________________________|
© 2005 Fairchild Semiconductor Corporation Page 3 of 15 6/15/05



E—— GENERAL PURPOSE 6-PIN
s  PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

TRANSFER CHARACTERISTICS (T, = 25°C Unless otherwise specified.)

DC Characteristic Test Conditions Symbol | Device Min Typ* Max Unit

4N35
4N36 100
4N37

H11A1 50
H11A5 30

(g =10 mA, Vg = 10 V) 4N25
4N26
H11A2

oTR | H11A3 %

4N27
4N28 10
H11A4

4N35
(If =10 MA, Vg = 10V, Ty = -55°C) 4N36 40
4N37
4N35
(Ilr =10 MA, Vg = 10V, Ty = +100°C) 4N36 40
4N37
4N25

4N26
lc=2mA Ig= A

4N28

4N35
Collector-Emitter 4N36 0.3

V
Saturation Voltage CE(SAT) | 4N37 v

Current Transfer Ratio,
Collector to Emitter

lc = 0.5 mA, I = 10 mA H11A1
BT gy H11A2
H11A3 0.4
H11A4
H11A5
AC Characteristic 4N25
4AN26
4AN27
4AN28
Ton H11A1 2 us
H11A2
H11A3
H11A4
H11A5

Non-Saturated (le=10mA, Vgc = 10V, R = 100Q)
Turn-on Time (Fig.20)

Non Saturated (Ilc =2 mA, Vee = 10V, R, = 100Q) NS5

. ily 4N 2 1
Turn-on Time (Fig.20) ON 4Ng$ 0 Hs

© 2005 Fairchild Semiconductor Corporation Page 4 of 15 6/15/05



I
EAIRCHILD GENERAL PURPOSE 6-PIN

emneeeeen PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

TRANSFER CHARACTERISTICS (T, = 25°C Unless otherwise specified.) (Continued)

AC Characteristic Test Conditions Symbol | Device Min Typ* Max Unit

4N25

4N26

4N27

(If = 10 mA, Vog = 10V, R, = 1009) Jﬁf1 )
(Fig.20)

H11A2
TorF | H11A3 bs
H11A4
H11A5

Turn-off Time

(Ilc=2mA, Voo = 10V, R, = 1009) 4N35
2o 4N36 2 10
(Fig. 4N37

* Typical values at Ty = 25°C

© 2005 Fairchild Semiconductor Corporation Page 5 of 15 6/15/05



E—— GENERAL PURPOSE 6-PIN
s  PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

TYPICAL PERFORMANCE CURVES

Fig. 1 LED Forward Voltage vs. Forward Current Fig. 2 LED Forward Voltage vs. Forward Current
(Black Package) (White Package)
1.8 1.8
17 1.7
= —
o 16 2 16
15} w
= g
s E 15
9]
2 )
a >
oc 14 Q 14
< 5 Ta=-55°C
= Ta =-55°C <
g 13 Ly 1 %: 13 T
[ 1 |1 © LT Ta=25°C
. — L1 A
oo —T Ta=25°C ; 3 | —T i
4 |1
— T | 7a=100C
14 T | T4-100°C 1.4 —| A -
/ /
- //’/
1.0 =] 1.0 1
1 10 100 1 10 100
IF - LED FORWARD CURRENT (mA) IF - LED FORWARD CURRENT (mA)
Fig.3 Normalized CTR vs. Forward Current Fig.4 Normalized CTR vs. Forward Current
(Black Package) (White Package)
1.4 T 16 T T T T
Vce =5.0V Normalized to Vce = 5.0V Normalized to
Ta=25°C IF=10mA Ta=25°C IF=10mA
12 1.4
/—~ 12
1.0
o o L —T
5 5 10
A 08 B ~l
w w
N / N 08
- -
<o <
< 0.6 2 / \
o o 06
o ©
Z 04 3
0.4
- 02 /
0.0 0.0
0 5 10 15 20 0 2 4 6 8 10 12 14 16 18 20
I - FORWARD CURRENT (mA) I - FORWARD CURRENT (mA)
Fig. 5 Normalized CTR vs. Ambient Temperature Fig. 6 Normalized CTR vs. Ambient Temperature
(Black Package) (White Package)
1.6 1.4
1.4 IF=5mA 12
—— IF=5mA
L
/ ‘\ - / \\
£ 12 E o
[3) [3)
a / ~_ lF=10mA a / IF=10mA \\
w w
N0 N os
- 3 —
< —
S s e | \
o s I
S \ ]
=z 08 Z 06 Ilp =20 mA
-
\ \
~—_|
0.6 [~ Normalized to 04 .| i 88 Il\loim12I|ze/;J to
IF = 10 mA IF = 2gim, I P e
Tp=25°C T~ A
0.4 L 0.2
75 -50 25 0 25 50 75 100 125 -60 -40 -20 0 20 40 60 80 100
Ta- AMBIENT TEMPERATURE (°C) Ta- AMBIENT TEMPERATURE (°C)
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E—— GENERAL PURPOSE 6-PIN
sy  PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

Fig. 7 CTR vs. RBE (Unsaturated) Fig.8 CTR vs. RBE (Unsaturated)
(Black Package) (White Package)

‘ (T 0
09 L — |

[ =20 mA A

L~ | | LL—T 1717

IF =10 mA

IF =5mA
06

N IF =20 mA

06 IF =10 mA

Veg=5.0V

NORMALIZED CTR ( CTRRrge / CTRRBE(OPEN)
o
S
~
e
I
@
3
>
NORMALIZED CTR ( CTRprge / CTRRBE(OPEN))
o
Y
I~

10 100 1000 10 100 1000
Rge- BASE RESISTANCE (kQ) Rpe- BASE RESISTANCE (kQ)

Fig.9 CTR vs. RBE (Saturated) Fig. 10 CTR vs. RBE (Saturated)
(Black Package) (White Package)

1.0 ——— 1.0 =
3 =TT H—F=rTT]

11 = |
4 Vce=03V >/ Vee=0.3V

IF =20 mA

08 / IF =10 mA
: <

06 /
f IF =10 mA

NORMALIZED CTR ( CTRRBe / CTRRBE| OPEN)
Py i
of 3
4N
=
NORMALIZED CTR ( CTRRge / CTRHBE(OPEN)
-~
S [
BN

10 100 1000 10 100 1000
Rpe- BASE RESISTANCE (k Q) Rpe- BASE RESISTANCE (k Q)

Fig. 11 Collector-Emitter Saturation Voltage vs Collector Current Fig. 12 Collector-Emitter Saturation Voltage vs Collector Current
(Black Package) (White Package)

=)
3

100

o

10

IF=25mA IF=2.5mA

o
1A}

=

//

IF =20 mA

\
\
c\

=20 mA

o
2

=
1
o
3
>

IF=5mA IF =10 mA

Ta=25C
!

0.01 0.1 1 10

o
S

o2
2
o

10

Vce (SAD) - COLLECTOR-EMITTER SATURATION VOLTAGE (V)
VGE (saT) - COLLECTOR-EMITTER SATURATION VOLTAGE (V)

Ic - COLLECTOR CURRENT (mA) Ic - COLLECTOR CURRENT (mA)
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E—— GENERAL PURPOSE 6-PIN
s  PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

Fig. 13 Switching Speed vs. Load Resistor Fig. 14 Switching Speed vs. Load Resistor
(Black Package) (White Package)
1000 1000
=i =
I =10mA le=10mA
IFVec=10V Voo =10V P
[-Ta=25C Ta=25°C AT
—_ A1
g 100 - 100
= =
a .
i N @ T
[N off, T I~
g 10 T & 10 ot L1 T
z (O]
I =4
1 - I
g - Ton 5 = Ton
= ] E = !
5= T : = B
0.1 0.1
0.1 1 10 100 0.1 1 10 100
R-LOAD RESISTOR (kQ) R-LOAD RESISTOR (k)
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EAIRCHILD GENERAL PURPOSE 6-PIN

enneeeseen PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

Fig. 19 Dark Current vs. Ambient Temperature

10000

Vee=10V =
Ta=25C —

1000

100

10

Iceo - COLLECTOR -EMITTER DARK CURRENT (nA)

Ta - AMBIENT TEMPERATURE (°C)

TEST CIRCUIT WAVE FORMS

Vce = 10V
INPUT PULSE

OUTPUT PULSE

Adjust IF to produce Ic =2 mA

Figure 20. Switching Time Test Circuit and Waveforms
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E—— GENERAL PURPOSE 6-PIN
s  PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

Black Package (No -M Suffix)

Package Dimensions (Through Hole) Package Dimensions (Surface Mount)

PIN 1
MY /o . 0350(889) |
0.320 (8.13)
0.270 (6.86) J !H & H! !li Pin 11D {
0.240 (6.10)
o 0.390 (9.90
0.260 (6.60) 0-332 (8:43)
L L 0.240 (6.10)
w
g 0.350 (8.89)
T 0.330 (8.38)
g TRRTHLT] o
£ oom(rg r
§ o011 0.070 (1.77) L
g 0.040 (1.02) |~—0.320 (8.13) —]
8 0.014 (0.36)
0.200 (5.08) o -
0.115 (2.92) 2 0.010 (0.25)
| oy 1
J o)
;F 5
0.020(0.51) 0.200 (5.08 0.012 (0.30
0.154 (3.90)
0.100 (2.54) MIN 0.115 (2.93) | 0.008 (0.20)
0.016 (0.40) f E=
0.008 ( 020)“‘//\
0022 (056) _| S o 0.300 (7 62) | 0.025 (0.63)
0.016 (0.41 h .
041) Q 02040:50) 0.100 [2.54] 0035 088
0.100 (2.54)__ - 0.020 (0.50)
TYP 0.016 (0.41) — 1™ T 0.012(030)

Package Dimensions (0.4” Lead Spacing) Recommended Pad Layout for
Surface Mount Leadform

ARG -
d

— =— 0.070 (1.78)
0.270 (6.86;
0.240 (6.10) . '
o !
'ﬂ-‘ l-l_-l-l I-I-_-I-I ‘ 1 0.060 (1.52)
0.350 (8.89)
0.330 (8.38)
0.415 (10.54) 0.100 (2.54)
0.070 (1.78)
y 0.045 (1.14)
3 0.295 (7.49) o] = 0.030(0.76)
2 0.200 (5.08]
| 0135(349) %
!
%‘%} 0004 (010 00160401
0.008 (0.20) |

0.022 (0 56)
0.016 (0.41)
0.100 (2.54) TYP

i
L 0=|01j \A/
OAO(_)r\((lF?.WG)
NOTE

All dimensions are in inches (millimeters)
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E—— GENERAL PURPOSE 6-PIN
s  PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

White Package (-M Suffix)

Package Dimensions (Through Hole) Package Dimensions (Surface Mount)

0.350 (8.89) 0.350 (8.89)
0.320 (8.13) 0.320 (8.13)
| Pni1D
O e oAy T
d] o 0.390 (9.90)
0.332 (8.43)
0.260 (6.60) 0.260 (6.60)
0.240 (6.10) 0.240 (6.10)
0070 (1.77)
e 0.040(102) | [T |+ 0.320 (8.13) —

| 0.014(0.36)
0.010 (0.25)

e L \

SEATING PLANE

0.040(1.02) 0,014 0.36) 0320 (8.1)
0.010 (0.25)

0.200 (5.08) / \ | ‘

0.115 (2.93) \_

0.100 (2.54 0.025 (0.63
0.015 (0.38) 0.020 (0.51)

‘ 0.100 [2.54]
Package Dimensions (0.4” Lead Spacing) Recommended Pad Layout for
Surface Mount Leadform

| 0350(889)
™ 0320(813) |

PIN 11D
'EF ﬁ ﬁ - = 0.070 (1.78)

0.260 (6.60) ) )
0.240 (6.10) | | ‘

SEATING PLANE

0.200 (5.08 0.012 (0.30,
0.115 (2.93) 0. 008 (0.20)

!

i 1 0.060 (1.52)

0.070 (1.77, .
0.040 (1.02) "]
CoToRan 0425(10.79) | 0.100 (2.54)

w
B
o
g T / \ 0.305 (7.75) —=| |~ 0.030(0.76)
2 0.200 (5.08) |
¥ 0.115(2.93) \—
0.100 (2.54)
0.015 (0.38)

0.100 [2.54 0.012 (0.30)
0.020 (0.50) L (2.54] 0.008 (0.21)

0.016 (0.41)

0.425 (10.80)
0.400 (10.16)

NOTE
All dimensions are in inches (millimeters)
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E—— GENERAL PURPOSE 6-PIN
s  PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5
ORDERING INFORMATION
Order Entry Identifier
Black Package (No Suffix) White Package (-M Suffix) Option
.S S Surface Mount Lead Bend
.SD SR2 Surface Mount; Tape and reel
W T 0.4" Lead Spacing
.300 Vv VDE 0884
.300W TV VDE 0884, 0.4" Lead Spacing
.38 SV VDE 0884, Surface Mount
.3SD SR2Vv VDE 0884, Surface Mount, Tape & Reel

MARKING INFORMATION

®° 0
-0 (4n25--@
0 o

ORI NGRS
© 0 o © 0 o

Black Package, No Suffix White Package, -M Suffix

Definitions

1 Fairchild logo

2 Device number

VDE mark (Note: Only appears on parts ordered with VDE
option — See order entry table)

3

One or two digit year code
4 * Two digits for black package parts, e.g., ‘03’
* One digit for white package parts, e.g., ‘3’

5 Two digit work week ranging from ‘01’ to ‘563’

6 Assembly package code

*Note — Parts built in the white package (M suffix) that do not have the ‘V’ option (see
definition 3 above) that are marked with date code ‘325’ or earlier are marked in the
portrait format.

. _________________________________________________________________________________________________________________________________________________________________________________|
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— GENERAL PURPOSE 6-PIN

s  PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

QT Carrier Tape Specifications (Black Package, No Suffix)

12.0+0.1

OOOOOOO&)&)O&)OO’O

—={ |=4.85£0.20
4.0£0.1-m @1.55+0.05
/0.30+o.05 4.0J_ro.1*‘ / f175+010

T fo 0 fo 0 fo h 7.5+0.1
wexo20  0|ld pllg ol ¢ 4 955+020“6-0i0-3
: L 1 olf0 pld | X .0
0.1 MAX 10.30 £ 0.20 21.6+£0.1

User Direction of Feed

QT Carrier Tape Specifications (White Package, -M Suffix)

12.0+0.1

OOOOOOOOOOOOO’O

— 4.5+0.20
2.0+£0.05 = 1.5 MIN
/0.30+0.05 4.0+0.1 —‘ r / f1‘75i0.10
T T

T fo J o hllde * 11.5+1.0
210010 0] ), iai= ™" & B AT & 124003
j L { I 010 I %\ -
0.1 MAX 10.1£0.20 ©1.5+0.1/-0

User Direction of Feed —————=—

© 2005 Fairchild Semiconductor Corporation Page 13 of 15 6/15/05



GENERAL PURPOSE 6-PIN

s  PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

Reflow Profile (White Package, -M Suffix)

280 4 260°C

540 >245°C = 42 Sec

160 J Time above
°C 440 | 183°C = 90 Sec

100 1.822°C/Sec Ramp up rate

40
_—/ 33 Sec

0 60 120 180 270 360
Time (s)

Reflow Profile (Black Package, No Suffix)

8003 215°C, 10-30 s

250 - |‘—’|

o 225 C peak

= 2001

5

-g 150 ~ |

g 100 - 4 Time above 183°C, 60-150 sec * Peak reflow temperature: 225°C (package surface temperature)
° * Time of temperature higher than 183°C for 60—-150 seconds

\ Ramp up = 3C/sec ¢ One time soldering reflow is recommended

0w05 1 15 2| 2540385 4 45
Time (Minute)

.|
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E—— GENERAL PURPOSE 6-PIN
s  PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO

ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME
ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support

which, (a) are intended for surgical implant into the body, or device or system whose failure to perform can be
(b) support or sustain life, and (c) whose failure to perform reasonably expected to cause the failure of the life support
when properly used in accordance with instructions for use device or system, or to affect its safety or effectiveness.

provided in the labeling, can be reasonably expected to
result in a significant injury of the user.

. _________________________________________________________________________________________________________________________________________________________________________________|
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// Project : RID Flow Velocity Meter for Tides in the River
// Board : Arduino ESP-8266
// LED BUILTIN : Pin 16

QO J oy U Wb

LI dJJOOOANNTTONOTTO NGOG OTOOTOT S DD SN DDEDNDNWWWWWWWWWWNNNRNNONNNNNNNNR R R PR R R R
WNRFRPOWOW®O®JNDEWNRPOWOWO-JONNEWNROW®O-JOURWNROWOW®®-JAAOEWNRPROWOWOW-JONOERWNROWO®OWJO U WN R O W

#include <Wire.h>
#include <LiquidCrystal I2C.h>

#define PIN PROCESS 16
#define PIN EXP INT 14
#define PIN BTN START 13
#define PIN PULSEIN 12
#define LCD_ADD 27 0x27
#define LCD_ADD 3F 0x3F
#define EXP_ADD 20 0x20
#define P_BUFF_MAX 100

LiquidCrystal I2C lcd O(LCD ADD 27, 16, 2);

char str buff[200] = {0};

unsigned long t old;

int state ix = 0;

int state ix mon = 0;

volatile unsigned long t on, t off;

volatile unsigned long p count, p store, p buff ix, p total;

volatile unsigned long p buff[P BUFF MAX] = {0};
volatile int p buff use = 0;
volatile int p buff old = 0;

volatile int req reset = 0;
volatile int exp data = 0;
volatile int exp int = 0;

void Interrupt Service Exp Int() {
if ((micros() - t old) < 700000) {
Wire.requestFrom(EXP ADD 20, 1);

if (Wire.available() '= 0) {
exp int = Wire.read():;
exp int = ((OxFF - exp int) & 0x01);

if (exp_int != 0) { req reset

}

I
L

~.
—~

}
void Interrupt Service Btn Start() { reg reset = 1; }

void Interrupt Service PulseIn() {
if (digitalRead(PIN PULSEIN) == HIGH) {
t on = micros();
} else {
t off = micros();
if ((t _off - t on) > 200) { p count++; }
}
}

void setup() {
pinMode (PIN PROCESS,  OUTPUT) ;
pinMode(PIN_EXP_INT, INPUT_PULLUP);
pinMode(PIN_BTN_START, INPUTiPULLUP);
pinMode(PIN_PULSEIN, INPUT_PULLUP);

digitalWrite (PIN PROCESS,  LOW);
digitalWrite (PIN EXP INT,  HIGH);
digitalWrite (PIN BTN START, HIGH);
digitalWrite (PIN PULSEIN,  HIGH);

attachInterrupt(digitalPinToInterrupt (PIN EXP INT)
, Interrupt Service Exp Int, FALLING);



74

75 attachInterrupt (digitalPinToInterrupt (PIN BTN START)
76 , Interrupt Service Btn Start, FALLING);
77

78 attachInterrupt (digitalPinToInterrupt (PIN PULSEIN)
79 , Interrupt Service PulselIn, CHANGE);
80

81 Serial.begin(115200);

82 Serial.println("\n\nInkE System") ;

83

84 Wire.begin() ;

85 Wire.beginTransmission (EXP ADD 20);
86 Wire.write(byte (0xFE));

87 Wire.endTransmission() ;

88

89 t old = 0;

90 t on = 0y

91 t off = 0y

92 state ix = 0;

93 state _ix mon = 0;

94 p_store = 0y

95 p_count = 0y

96

97 p_buff ix = 0y

98 p_total = 0y

99 p_buff use = 0y

100 p_buff old = 0;

101

102 for (int bix = 0; bix < 40; bix++) {
103 p _buff[bix] = 0;

104 }

105

106 req reset = 0;

107 exp data = 0y

108 exp int = 0;

109 }

110

111 void loop() {

112 R T e T e e B I — R
113 p_store = p count;

114 p_count = 0;

115

116 P o s S S s e = = S = e o — ol = o = AR
117 Wire.requestFrom(EXP ADD 20, 1);

118

119 if (Wire.available() !'= 0) {

120 exp data = Wire.read();

121 exp_data = ((OxFF - exp data) / 0x10);
122 }

123

124 if (req reset == 1) {

125 req reset = 0;

126 if (state ix > 1) {

127 state_ix = 1;

128 }

129 }

130

131 if (state ix != 2) {

132 switch (exp data) {

133 default:

134 case U: p buff use = 5; break;
135 case 1l: p buff use = 10; break;
136 case 2: p buff use = 15; break;
137 case 3: p buff use = ; break;
138 case 4: p buff use = 25; break;
139 case 5: p buff use = 30; break;
140 case 6: p buff use = 0; break;
141 case /: p buff use = 50; break;
142 case 38: p buff use = 60; break;
143 case 9: p buff use = 100; break;
144 }

145

146 if (p buff old '= p buff use) {



147
148
149
150
151
152
153
154
155
156
157
158
159
160
161l
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219

p_buff old = p buff use;
p_total = 0;

state _ix mon = state ix;
switch (state ix) {
default:
case 0: //<- Initialize
lcd 0.init ()
lcd 0.backlight();
lcd 0.setCursor (0,
lcd O.print ("
lcd 0.setCursor (0,
lcd O.print ("

0);

1)

p _buff ix = p buff use;

state _ix = 3;
break;

case 1: //<- Clear
p buff ix = 0;
p_total = 0;

for (int bix = 0;
p buff[bix] = 0;
}

state ix++;
break;

case 2: //<- Run..
if (p_buff ix < p buff use)
p buff[p buff ix] =
p_buff ix++;

Pf GOEaENE =03

" .
r
" .
r

bix < P BUFF MAX; bix++) {

{

p_store;

for (int bix = 0; bix < p buff use; bix++) {

p_total += p buff[bix];

}
} else {
state ix++;
}
break;
case //<- Hold
break;
}

if (state ix > 0) {

sprintf (str buff, "%d", state

Serial.print(str buff);

Serial.print(" | ");

if (state ix mon '= 2) {
sprintf (str buff, "Cnt

} else {

o\
()
=
o

sprintf(str_buff, "Cnt %$6lu
}
Serial.print(str buff);
if (state ix mon '= 2) {
sprintf(str buff, "Cnt %61lu
} else {
sprintf(str buff, "Cnt %6lu
}

lcd 0.setCursor (0, 0);
lcd O.print(str buff);

ix mon) ;

/%3ds", p_total, p buff use);

/%3ds", p_total, p buff ix);

/%ds ", p_total, p buff use);

/%ds ", p total, p buff ix);



220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239

Serial.print (" | ");

sprintf(str buff, "Freg %5lu Hz ", p store);
Serial.print(str buff);
lcd 0.setCursor (0, 1);
lcd O.print(str buff);

Serial.println();

digitalWrite (PIN PROCESS, LOW) ;

while ((micros() - t old) < 1000000);
t old = micros();
digitalWrite (PIN PROCESS, HIGH) ;
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Design of Data Acquisition Unit Using Arduino from a Flow
Velocity Meter for Tides in the River

Sanya Samaimak! and Shanin Harnnarong®

ABSTRACT

The Royal Irrigation Department is responsible for managing water availability in
Thailand. Many instruments are used to read the data to obtain the needed hydrological data.
The instruments that it has applied to measure the velocity of the tide are the flow velocity
meters A-OTT C3 1 that compatible with the audio and numerical displayer Z 41-00. They
have been used for 30 years, (1988 - 2018).

Design of Data Acquisition Unit Using Arduino from a Flow Velocity Meter for Tides
in the River was presented in this paper. It was designed to use as a substitute for the audio
and numerical displayer Z 4 1 -0 0 that were broken. The result of the design and the
experimentation show the ability of working together with the flow velocity meters A-OTT
C31 and the accuracy of the data acquired from this designed instrument are satisfactory.

Keyword: The Royal Irrigation Department, Flow Velocity Meter, Arduino
Introduction

1. Current meters
The water current velocities are measured by the tools that measure the speed of the
tide and they are classified into two types [1-2].
1.1 Mechanical current meters
Mechanical current meters are mechanical devices that are the main components. The
tools will move when the current flows and there are three types.
1.1.1 Vertical axis current meters
1.1.2 Horizontal axis current meters
1.1.3 Pendulum current meters
1.2 Electronic current meters
Electronic current meters are electronic devices that work primarily on electronic
devices. These tools work better than mechanical current meters and there are three types.
1.2.1 Electromagnetic velocity meters
1.2.2 Doppler velocity meters
1.2.3 Optical strobe velocity meters
The tools that have been used by the Irrigation Department are A-OTT C31, the
current flow meters, with Z 41-00, audio and numerical indicators. The A-OTT C31 current
flow meter is mechanical current meter that is the type of horizontal axis current meter.

2. Arduino
Arduino is an open-source electronics platform based on easy-to-use hardware and
software [3-4].In this paper, we use Arduino Due which is one of the Arduino family.

! Department of Instrumentation Engineering, Faculty of Engineering, Rajamangala University of Technology
Rattanakosin, 96 Moo 3 Salaya Phutthamonthon NakhonPathom 73170, Thailand
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Arduino Due can be obtained signals in square wave form via digital pin. After that interrupt

service function is called to count the incoming waveforms. The obtained values are stored in
p_count variable and those values will be managed in various processes later.

Materials and methods

1. Signal form A-OTT C31
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Figure 1 A-OTT C31 Figure 2 A-OTT C31 Signal

The A-OTT C31, the original universal current meter for flow velocity measurement

in rivers and open waterways. It has proven quality, precision and reliability [5].

Water flow causes rotation of the current meter propeller. Once per revolution,
a magnet attached to the current mete propeller operates a water-tight sealed reed contact.
The contact sequence is proportional to the velocity of the water at the measuring point.
The sequence is captured by an attached counter and used for calculating flow velocity at the
measuring point, based on the current meter equation [5].

The relationship between propeller revolution and flow velocity is determined by the

following formula

v=k-n+A 1

Wherein:
k : Hydraulic pitch of the current meter propeller ["/;-¢1,] which was determined by towing

tests carried out in a rating tank.
n : Propeller rotation per second [rps].
A : Current meter constant ["/¢] which was determined by towing tests carried out in a rating

tank.

Since there are mechanical differences between the propellers caused by
manufacturing tolerances and differences in bearing, the constants k and A are precisely
determined individually for each current meter in the OTT rating tank (BARGO Test

Certificate and BAREL Velocity Table) [5].
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2. Block diagram

Function » Oscilloscope
Generator J P
Arduino . Serial
DUE "I Monitor

Figure 3 Block Diagram

The block diagram consists of 4 parts:

2.1 Function Generator that can supplies the square wave form in many frequencies. It
has the signal form which is similar to the signal that can be measured from the A-OTT C31
universal current meter.

2.2 Oscilloscope is used to measure the supplied signal from the function generator.
The results of the oscilloscope measurements are used to calculate the errors and uncertainties
of the designed instrument.

2.3 Arduino Due is used to measure the supplied signal from the function generator at
the same time with the oscilloscope. The results of the Arduino Due measurements are used to
calculate the errors and uncertainties for comparisons with the results of the oscilloscope
measurements.

2.4 Serial Monitor is used to display the results of the Arduino Due measurements. As
Arduino starts to measure the signal, the frequency results of the measurements are sent out to
the serial port. Then the frequency results will be display on the serial monitor.

3. Flowchart

To show the workflow of the designed process in this paper was presented in
flowchart. When the program starts, it manages the hardware in its initial state and then it
resets all of the variables before it enters the main loop. The main loop is controlled for a
fixed time of 1 second per work cycle. In this way, the main loop period is constant so that the
frequency can be determined by reading the value obtained from the interrupt routine. Every
time an interrupt occurs, the value of the p_count variable is updated at runtime. When the
program reaches the cycle of reading in the main loop, the value of the p_count variable will
be taken to the p_store variable. This value will be calculated to frequency values and then
the p_count variable is reset to 0. The program run in loop continuously.

Start

A 4 h 4

Define Variables Process LED = ON
Initialize Hardware p_store = p_count
Reset Variables p_count=0

Process LED = OFF
Waite Until 1 Sec.

N
4

Figure 4 Flowchart
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Results and discussions

1. Testing at 20 Hz, 200 Hz, 1 kHz and 2 kHz

Figure 5 Test bench.

Table 1 Test results at 20 Hz

Experimented by frequency input with a function
generator at frequencies of 20 Hz, 200 Hz, 1 kHz and 2
kHz. Then measure the output signal with oscilloscope
and Arduino to compare results.

Determine the number of random variant n = 15.
To keep all raw data from a serial monitor. The results
of all experiments are shown in Tables 1 to 4.

Oscilloscope

Serial Monitor

Summary

Tek A5 Trig’d M Pos: 0.000s
-

®co

4 G

wduino Due (Programming Port)) a s i

Send

Oscilloscope = 20.0564 Hz
n=15
Average = 20.0000 Hz

SD =0.0000
Ua = 0.0000
Table 2 Test results at 200 Hz
Oscilloscope Serial Monitor Summary

Tol i Trig'd M Pos: 0,000s
4

MM (Arduino Due (Programeming Port]) - o x

Oscilloscope = 200.044 Hz
n=15
Average = 200.0667 Hz

SD =0.2582
‘ Ua = 0.0667
Table 3 Test results at 1 kHz
Oscilloscope Serial Monitor Summary

Tek T Trig'd 1 Pos: 0.000s
+

M 250 s
15-Apr-18 10:46

€8 COMA (Arduine Due (Programming Port)) - o x

2 Autsacral Vo ine ending

send

115200k | | Clear outrit

Oscilloscope = 1004.19 Hz
n=15

Average = 1004.2000 Hz
SD =0.4140

Ua =0.1069
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Table 4 Test results at 2 kHz

Oscilloscope Serial Monitor Summary
: - - = Oscilloscope = 2006.27 Hz
n=15
Average = 2006.3333 Hz
SD =0.4880
Ua =0.1260

Conclusions

The experimental results show that this designed prototype can read four tested areas
of the frequency range properly well. The application of this prototype will be applied to the
A-OTT c31, the current flow meter, for replacing the damaged Z 41-00, the counter which is
used to display as an audio and numerical output. It can be done simply by connecting only
two wires. The prototype of this research will be developed as a tool to be used in fieldwork
in the future.
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