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Abstract

This project presents a study of starting operation for generator set
using remote monitoring system. This study includes the starting operation
monitoring system incorporated with the steady state operation monitoring system.
As for the starting operation, the various parameters is considered including
the battery charging current, the dynamo starter operation, and the air flow rate
through the intake air filter. As for the steady state operation, the considering
parameters are composed of the terminal voltage, the lubricant turbidity, the speed
of the generator set, etc. This proposed monitoring system is processed by
the microcontroller. The collected data from various sensors is transferred via
an Internet of Things technology (loTs) to database in the ThingSpeak platform and
in a micro SD card. The generator set malfunction is monitored and alerted on the
Twitter application. Based on these smart functions, the user can therefore remotely

monitor the generator set operating status in real time with the internet access.
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Voltage
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W59u LED wanwa lglwides 3.3-5V a1unsavsuaiiulanisasiaduldidaduniulsuale

UUUDA

g‘dﬁ 2.6 uwasnsaatamasasau 2-way Motor Speed Sensor

(Source: https://www.ebay.co.uk/itm/2-Channel-2CH-Speed-Detection-Velocity-
Sensor-Module-Slotted-Optical-Switch-/282620715523)

2.4.3 \Wuwesaaiaaruuinuurewida1susunauanles
Wuiwesnltlunisaneineunuiuduressanisueuueuenles fo MO-9
Gas sensor lnewfuwesyilaiiazerfunisiiaufAseveufiansvouneuenlesiuamiuiou

A o YV a 1 t 2 4’ d‘ = & s
MunaIn ViAnAIAms UL (Ry) T GaUSunamenianisusuteuanlenasuysungiy
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i
= 1

wandlugun 2.7 luannsiigungiivindu 20°C - Audy

9 U

£

Y] I 2 a [

= & &
AUATAITUATUNTUVILNAYUU

" W v w o = " oW a4 o oy
WU 65% uazAuLINTuIRILAdeandiautiiiy 21% ednuald R, R

AAIAUIYYeLiue Sillan I iuYewRamSUs B uen AT U 100 ppm lu

INAUIFND

MQ-9

10 ———

\""‘1!-..

e
£
/

Rs/ko
4 ¢

0.1
100 1000 10000

JU# 2.7 nIAaanYEUe MQ-9

(Source: https://www.elecrow.com/wiki/images/f/f2/MQ-9.pdf)

&5 =a 4’ [ ] as p=i 8
\uigesrlatdazvhnulaenisdieussiulnifianainnimdeu (Heater)
a 7 o [ a < ' @ = P
wWeainauieullusseziaan 60 Juad warngaTeusnuliiduszoziial 90 Funi
) l;’ s s ) = d 1 ot d’) [} X ¥ o s s
wuilaauiuld Taslugaim 90 Turfiiveadisussiulvihdazidudsilddmiunisinnsg
d = o & & o I 2/ d‘l} = d = g
wasnwlaswesUTuuuiaaisusuneysnies InensinAIAI LA U IUNLR? (Rg) MiAmau

=t W & vas <
Foeasmsldnuiugiuauisouandlangui 2.8

PMBT2907

JUT 2.8 wasnsldauiugiudmsu Moo

(Source: http://www.thaieasyelec.com)
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2.4.4 \WWuwasnsiatausamulniinnssuansy
Wulgeinsavtausesuluiinszuanse a2 ldmann15989995uULs I8y
- 9 2o [ ] ) L) ' @ v o ) '
(Voltage divider) 1u29asfilddmsun v ssdunusnsdiuvassinguyiums 2 saitiuise

aynsuAY Auanslugui 2.9

V., — - N . Analog Input

..‘ ~
R: < IF.:

« GND
JUT 2.9 199snisinnsssiuluiiinszuanss

-:lg ] U as n‘ ¥ s d'
FaaunsnmuwIumA s uliianszLanssndesn s Talaenaunsi 2.12

Vi = (RI;RZ)VRZ (2.12)

2.4.5 1§uasnsiainnseunalwinssuanss

Wureinsiadanszualuianszuanss 1dugunsallwiiildlngsialy
%aqﬂnsaiﬁﬂs‘(%’[.umii’ﬂm'uaqﬂizLLﬂlWﬁ'lﬁlwar»huagima“[uﬁ'las‘ﬁﬁw lnensthduduieges
anvianszualwinssuansessidniuesini a vinadidessvsiuen

Wueinsinianszualniinszuanssudslaidy 2 via

- Wuwasasarinnssualviilaglddasiumiu (Current sensing resistors)
Fefindnnsvieu Ae '«asv‘i’]m'isiamgnsuﬁ'aﬁ']umuﬁﬁFhﬁaamﬂL{fﬂﬂU%nmﬁﬁTmﬂﬁ%i’ﬂ
Anszudlvin (Sand Fud (Shunt) iefiazlinsenuduarvesnseudlnitluies wazi
Taadfimefunrevuududuriiiefios Tausesiunnaseutesdust uasinAusdunnatousus:
flddnunduesnundunsauannngueddau (Ohm’s law) feaunisi 2.13

| = Lshunt (2.13)

Rshunt
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Tneii

I fe nszualwiiitlvalunees Svhoduwend ()

Verune A0 Wsisiuanasauvastuy dmbadullad (v)

Rghune A8 AIAMAUVIUIRITWY Smbedulavy (@)

- WulwasUsIngMsaieead (Hall Effect sensor) Usingnisalsendgnéumny
Y 1879 lnsuneidniu 1eo310sn sead (Edwin Herbert Hall) Sawudn wioutukusiagiung
Wndluvdnaiifiaunwivin asviliwmedszq (Charge carriers) fisegnigludiniioy
LE8ILULD8NINLUILRY ildiAnaurnlniluiiadainduiianisvesnsualuiia

Usingmsalilisendt Usingnisalgeas (Hall Effect)

"

TR

~+
Ly
¥

il = bl w = “ a3 x

x X B ‘; - ; -

I - e y.',-]_ls w - » ‘I\rﬁ :
s R 7 N\ SR O

¢ d ® % AP o L B ¥

a x > 4 E ~

] X > ¥\ X B VY OO PO

W X | n L Ny X

(a) (b) (c)

P - P «
JUN 2.10 (a) - () uamsmsiiausingnisaiaead

(Source: https://web.ku.ac.th/schoolnet/snet3/saowalak/hall/hallhtm)

Fg =qvy; X B (2.14)
=
lagd
= < d a 1 [ = ' a o
Fg Ao ussiiinainauiuudman dvdiedudaiu (N)
< = 1 o &
q Ap Uszawme inneidupaeuy

& o 2 a0 & I a =
Uy A8 ASIaesdeu dwhaduuaseeiund (m/s)

ol

4 o 1 a =] ' <,
Ao AnUlNYRIEULLImAn Smbeaduwaan (Tesla)
= ' o a a v =2 08 Va
JUT 2.10 (c) wsawimanazudndidnaseulvudiaveusuniwilman iy
Us¥aaudnuIunin LLaaﬂuauﬁﬂﬁﬂwﬁwzﬂmmfluﬂ.l'izagumﬁi'f’luaumﬁu RISINT
aualiin Fendy aunilwiheead (Hall field: Ey ) luususndunsdliiemisanuszquaniy
= o vV a = 0o W a o

mUszqay Feauubiihaziiiifeusdiin ( Fz ) nsehiudidnnseu uasiilewsalniin

1 oar ] a o Va & =al a ar 1 :¥
WINNULSINMLMEN Ay liaanaseudsluiianisaiununszualnilaeldideuy

auulwihiiAatuldazirldiinmudsdndeead (Hall  potential

= e @ q" L cri
difference w38 Hall voltage: Vi ) muamduiusdauanaldiaunisn 2.15
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Vy = Eyd (2.15)

Vi A anusnsdindeead dimiadulaad (v)

Ey e auwlwiheead Smheduiliusenasut (N/O)

d AB AUNINBIREUANIUN Tdedumes (m)

laganunsaina1vesnusedndseadld lnanisalianiinednsauiiti
uniigaiiuszauanlusauiy (avan) uazgavszyaulusaniy ($aau) fauansluzuil 2.11
Faa1nanudunussenineenuidndseaduaza1vasnsrualniiiigeaniste

(nszualwihdadvaunuwivan) svaiunsesuaiatenseualWinidesnisiale

d s 1 I s I3
JUN 2.11 msiamAnusisdndeoad

(Source: https://web.ku.ac.th/schoolnet/snet3/saowalak/hall/hall.htm)

2.4.6 ugesnsrvinusaulniinszuaadu
- I3 as o ¥ o Y -] v
Wyl sas1vianssaulWiinseuaadu ddrutsenaunanie vilaulad
USIAY LAE199 USRI

2.4.6.1 wiiouUasuseiu w3e Voltage Transformer (vT) (lugunsailusiilu

s

ﬂ‘) =l' at s s 4 s s L3 r." = af
guulwihlaeviall Feldamivanssiuuseiulnildannsoldnudugunsalindesiiataild
finaussdualed Tasordenannisveslvdnlvinunguesiisiag (Faraday’s law) fe
e ay Yo < o o w < = o a & o
Wiovaandgugillasuusumdaulniinszuaady agyilidusaadeulwiumieainintud

venyisgll Jedmiumleuadlwiluganidnidiuszrinmneveaussiuluiugugd

v o ]

wazrunvesuswulWimisgiisvilduiiudnadiuszninduiuseuresvaalalgugd

U

a

P YR v =
LLa:ﬁsﬂﬁa?ﬂijﬂﬂﬂJ slN?ﬂﬂJTiﬂLLaﬂ‘ﬂﬂqqﬂﬁﬂlwuﬂﬂﬂﬂﬁﬁJﬂTﬁw 216

LT (2.16)
V2 Nz
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Vi e vueveswseiulwigugdl (v)

= =

V,  #Ae vwinveawswiulnim@end (v)

u

=

N, fe InuseuvesaainUsugil (sav)

U

L

o =

N,  f9 useuTeIuAmIAnAani (sav)

v

dmiumiautasuseiuagidnuiuseurentaanUguniiuinnitdiuseu

¥
o

vewnanyisnd shliseduussiuliimisgiideesgiuaunsaiindesiioTagnaaveuain
sysuusasulnigunideeagfuseuu i

2.4.6.2 1ITUUIUTIRU (Voltage divider) tdursasiilddmivanseuuseiu
iolildsriuusauiidens Tasedondnnisus sus sy (Voltage division) 49992#1UN

1 o o

Farivoynsuiu saansluzun 2.12

d 1 L
FUN 2,12 29950 U U991

d’ o J as ﬂl 1 as 1 a L l:J
‘?Nﬁ'lll']‘iﬂF']']'I,J’Jﬂ.l‘lfi’lF']']LLi\‘]ﬂ‘I.HNﬂﬂﬂ'iﬂﬂ.lﬁ?(;{'?uﬂWuttmﬁﬂﬂ']v‘.@lﬂ\‘iﬂﬂﬂ’l‘i‘V]

2.17 lay 2.18
Ry

ViV (2.17)
Vez = (Rf:Rz)VT (2.18)

2.6.7 \Guwesnraianssudliinssuaady

Wuwosasiaianszualwinszuaadu ddudsznaundnie wifoulas
NITUA LAZAIATUNIUNIGE

2.4.7.1 nifeudasnszua v3e Current Transformer (CT) LHugunsallniii

Lidwmivaanaunszualiliauisaldoudugunsaiiniesid e Taniifdanseuadalé
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2/ = 1 2/ o ar dl o 2/ mf ] a
NUBRUAINTERATELAIIULANA NN VLR UAIN 184 Luadmﬂaﬂwmzmﬂmmmmﬂmﬂﬂu

'
= v a1 Y

al A = 1
annanUanssudvziivaainlguninesunsuivaslwietarnszualwililuanuans

u

b
Qs

U lugaued dhsdussuinsdnszualnihlgugiivasanssualwitm e giasiieind
daundurednsidiussnindiuseuresnmnUsugiiuarenaanioni annsouans

AMNFUNUSIARIANNITA 2.19

h = N, (2.19)
Tned
L Ae vnevasnszudlniiuguadl (A)
L A rumvesnszualniiviant (A)

Ny Ae dnnusevresnaInUgugil (sev)

o

N,  Ae Snuseuvestnainiugil (sau)
b2 1 2 (-1 =Y 9/ ar é"

mlaulasnszuaanuisanuslaeanitu 2 stiaaunislyusl

- ilaudasnszuanldamiuinanseualwildiuiniesiledn (Metering
current transformer) ‘Mﬁﬂuﬂadﬂ‘izLLﬁ“ﬁﬁﬂﬁﬁlzﬁﬂ’mmﬁ.ﬁuﬁ’lqa

(% 0 vao ar -
- wilawdasnszuanldnuszuutesnu (Protective current  transformer)
v Y l:lil v L 73 1} o v v U IJ ¥ s s i
nueudasnszuavidaiazliainnugniesuazududilaves niwvunldansuinan
v d < ar

nszualwihlvduinSowiadn

Imaﬁ'ﬁﬂuﬁauﬂamwuaasqﬂa%'w“lﬁ'ﬁﬂﬁmnwLLa“Lwﬁ'w;ﬁUqﬁmwﬁ'u

6 A q o & v a o & -~ €1 = ° 1

5 woud vie 1 uowd walunasgulinunisudnesesdenisgunsaling q Feavihunsde
verunAsnivemilendanssud

Tumadjfazdesinrsanisinuiiuniuyeseain uagaiswenuaud
a') dl’ o v =Y = =i d‘
$7\na (Leakage reactance) ¥83U9a79 Faazyihbirnszualwimianfifinouaaaniou
nAfldnSnadutey

2.4.7.2 @10UN1UN15Y (Burden resistor) iesanlulasaeulnsaiaes
Imaﬁulﬂmsv‘hmii’ﬂﬁh‘lugﬂuuwaaLLieﬁulwﬁw FadunINABINITIRAINsELalWi7
o o, I P oar W ~ w1 ar = ' w W
ANTUADIRDAINIUNIUATTE tRBLTIUNITIAILS IS U WA e nASoUAIA 1UNIUNTSE
d! o 1 J 1 s k74 1 s A 1
Faarusaauluniansesaliiinlvadudidiuniuniszannainsed uininfinnaey

ol UV L3 as A
smumunisgldnnnguedevin (Ohm’s law) sauansluaunisn 2.20
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Iy e AnssualniAlvasudiuniunise (A)

Ve fAe AuswiulWihdinnaseusidiuniunise (A)

Rg A AIAINAIUMNUYBIRIIIUNILNTTE (Q)

[ L3 s = & aa
2.4.8 1%L 90 ﬂmmqqumasmmwuw Panaa

duwesililunisnnaingungiivasanudu fe DHT22 Module Fafu

Wulweiiagumgiivazmnuiiuwuuiinea lnsmsdsdoyaveaduieiuilni seiinisdidaya

u

wuupdneavvua 40 U Jauuadu 3 d fe daunsnaziiduin 16 On Faduaives
gamgil duidesvziidm 16 In Jududrvesrutuduing wasdrufiamwaszidsiuay

8 Un Fadumildamiuasivaeumnuiawainvastoya

Resistive -humidity sensor

f NTC Therrnistor

3U# 2.13 Tnseainanas DHT22 Module

(Source: https://sites.google.com/site/paiboon 7355/project-2017/mithunayn)

v =1

1A3985719983 DHT22 Module Usznausmadues 2 winssil
- weilliaweivlarmdulszdviaumgiifuau wie NTC Thermistor e
ar mld ] L2 U at Qs =

Le‘fmmai“m3:1mmqquum'1m'mmuwwuasﬁmuﬂmﬂmunuqquu

- WuweinTeinrutiuyiinruiuniu vie Resistive hurnidity sensor
=i ) o = s A 1 o at A =i s
Hvannisvineufe andenisidsuwlasasiimnnhlaivesiinais Weiinsgaduluana

¥ < @ o v o ) a1 oA & A

vadlan wazlossununndiazirliAiaiudlniivesdanasiainiu viedaiusa

1 v A ﬁl’ dl) 1 e/ ]
nanlain WeANMUBUEITY AAUAUNIUTaIRInataziiAianas
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2.4.9 Wuweinsiaindninisivavewesina

Wulwesnsiaindnsinisivavesvesiua (Flow  Sensor) Yaguil 2.14
LﬂuL%uwaéﬁﬂwﬁaﬁﬁmﬁ?ﬁmﬁaué’rgagwmﬁaq’tugmmumqWﬁné deluiiifesasinisiva
vaswadlva Winegluguuuuresdyaali viensiadouiiviina Taenstusuiuiad

YR DIRMUSHURTIRUSATINS v

JUR 214 Guwesnsnindnsnsivavesvesiva

(Source: http://rtnakm.com/2017/12/17/water-flow-sensor-fs300a/)

2.4.10 oS Tanuyureveslva
a 1 & ) s é
\ueiinnrmguuasuaslug (Turbidity sensor) faguit 2.15 Tnsmsiaaay
o ar [ e o/ 3 Y L3 < @
MNMIUMaTENIYBILET eunuseiu 5 Taad Tieviwaldaeswuu Ae sutasnusesiu

ny.) 1 = 5 =y & s ! Jv o 1 &/
Aaus 0.4 84 5 1986 uazAInea High / Low laeuFumnmsuniuysuaila

JUil 2.15 Wuweiinarugurasediua
(Source: http://www.myarduino.net/product/1162/

e InAuYuYeii-ec-sensor-turbidity-sensor)

2.4.11 wasiiawmas

Y

Wwasdawmas (Thermistor)  AasafIuN LT IANI9TIA1AILE UL

(0]

= ' a o aa a o 8 w1 v a0 P
Yuegiugumnil Weagungiiinisivdsuwdasasilidauduniuiisudsuuvasiy

= €a ¢
lapinasiianesay

Zr .o
[d

< ' o VW a
M51115L U8 ULYAIAIATILATUNIUNINATIA IR TUN UL B2 LU
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s

' = nr = L. nll & o a ' L
(mdudszavvgaumgiigendidmnunulaevialy) wesfiawmeignihutdeuedniiewis

=Y

017 gunsaldrinnszualuilingzyn (nrush current  limiter), Wuwwesnsaningumgd

u

(Temperature  sensor),  gunsalUesiunszualwinfuviinanisaiidalanlefies

(Self-resetting overcurrent protector) Wudu

1
= =

& § 1 v @ v 1
wsHawasanusonudlatdu 2 vin delaun

[

- weslaneviadduUsyavsoamaiiiiuau vie Negative temperature

coefficient (NTC) Aawasianes ﬁﬂ'wm'mp’humuasﬁﬁhuﬂiwﬂc&’uﬁuqmwgﬁ AA17AD

2

\ileguvaigelu Arawduniuszlidtanas nielumanduiu egumgfinias

€

' 2
< < &

ArAUA U Uil LN Fanesiamesydadeudwnlduduguasaldaia

nszudlwihnssen visduweinmiaingamall

1

&

- wesianeivinaduUsvansgamaiiiuuin wse Positive temperature

]
1 =

coefficient (PTC) Aalasidmasn 'wmmmumuﬂzﬁﬁmﬂ‘sﬁumwﬁ’uammﬁ nanfe

] 1 7

1
) =t

\eguuilgedu Ararusiuniuasliasndniu nielunienduiu maammumaa
1 l d' =3 = g s
ATANAIUNIUISTAIaAaY Favasliainesyiaili deunldrudugunsaideiu
nszualiinfusinauisosidnlameines

ANUUANANTENT IV sliamadiuaisila e Resistance temperature

as e 2 o4 ) & o a " <
detector (RTD) Aaddaniruly Falavinlumasiawmosaevinuiainesaiia (Ceramic) vise

1

&l ]

= ﬁJ Qr 0'.}} o v 1

wodlas (Polymer) Tuvairfionsitdazrinnainlansuians dauiailinmmeuausise
) QCJ 14 1 b 4 1

gamgifinnnuuansdietu Tnofien{i Anszausaldnuludisganginniniqld diu

a = 1 o 1 1 2/ 1 qA 1 =
LVIE]‘SﬂJﬂLG]EJ'i"\]%lJﬂ';]'?ﬂJLL!JUEJ'!L:Hﬂ'J’]LLG]ﬁ'TM'?'iﬂI‘tN']UIU‘U’NQfN‘Wﬂll‘VILLﬂ‘Uﬂ']"l gaUsrun -90°C

U

2
= L7 o =

fi4 130°C  msUssamaudiussEndnAruaunIuLargunaiuuuaduduas

u

8
as as

augnfesanizlugigungiuay q windy fdulunsl{iassdenldnnsuseanm
AImdUuSIEVINAIATIR N ILLAT AV IfIEaNnTS Steinhart-Hart  @uduaunis
Mdsany Ssannsouandlddsaunsi 2.21
—=A+BInR+C(nR)? (2.21)
Tooi
A Buae C e andaszdvia Steinhart-Hart dadusianizass
wiasiiawmasusiayia

T

o))

= e € =4 1 [ =
8 gauuguaNy sl Inuetduieaiu (K)

U

R Ao Areusunu Sudedulevi (Q)
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£
2.5 sadusuduazisasiugu

2.5.1 aauwauil

eaUuawt w3e Operational amplifier (Op-amp) As aunsaldidnnseindi

i
= s

untimdulsasvetsusedu lasiilassadrentslulursasisudou deusznavluaae

w v = € w g o a @ W L3 L
AINTUNIUNTIUTALR DT AnNuUsEy wazlalen S1uunin Teeilldydnvalunusavuoud

ﬁ’auam‘tugﬂﬁ 2.16

Non-inverting input T
Output

Inverting nput o——{ =
sU#l 2.16 dydnuaiuvusadioud

(Source: http://www.atom.rmutphysics.com/charud/oldnews/0/286/16/1/electric)

o

Non-inverting
mnput &
il
: R
n SR, AN oOuiput
E ..'4" ,a""-
% e
Inverting =

nput =\

U 2.17 2easauyavesoatiout]
(Source: http://www.atom.rmutphysics.com/charud/oldnews/0/286/16/1/electric)
z :5 A

saUuanliitaduwn 2 42 Ao T28uwnuan wFe Non-inverting  terminal

9

=l

LLaSﬂzﬁuvg‘wau VED) Inverting terminal LLaxu'UziLaﬂﬁv!ﬂ 1 ?‘?’J

Inesauyavesestuand duvrsiuduwnvesesdusndazusenauime
ANAUATUINY R;y, T.ﬂtl’-mﬁﬁu‘iﬂﬁuﬁlﬂﬂ3"61.'15Eﬂ“ﬁ’i’\ﬂ%?ﬁﬁ%‘jﬂﬁ’)ﬂﬂﬁ%‘ﬂ%%ﬁ‘y‘ma“U WinAu vy
uazE MUY TENBUMEAIAURUNIY R, UATUMAIIIBLTIRUTIAIUALAE
sty Av, lasiien 4 fe snuereaade (Open loop gain) vasaauieul

WaAuazaInlunsIATIENTInI s vualiesUnentidusauwaud

e as

Tuwuugauni (1deal Op-amp) SuilnaianUidil
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s =y a1 [ o &
- 9R91vgeUalAnluotua
' 2 = [ LY
- ANATUAUNIU R;, UALTUaTUs
- AAUATUNIU Ry, AR UALE
MnpuanURdiiuIzyilveeuendluwuuaguai vilsinssualniiiilng

v & a ] & a1 1w ¢ w =
L’U’l‘lliauwﬂﬂdﬁaﬁ“ﬂ’mFl’ILVI’mUEjutl NLLEWN‘L‘LJEUVI 2.18

xﬂ=0
D + & —f-
+
v
d
v O— —
-+ J
g i\=0
v 1
1
» * O

JUT 2.18 seuwanluLuvanuni

u

(Source: http://www.atom.rmutphysics.com/charud/oldnews/0/286/16/1/electric)

2.5.2 149528N8LUUNAUAA

L") n’: , 3 2/ s = o
NATVYIWLUUNAUYT (Inverting ampilifier) amwnuamﬂmmgﬂw 2.19 laeiwn
s J vV o -:1
DNV VBINITUANIOUANSLARIEUNITN 2.22

i R
2 F

R l_:W\’

i
&

I 1

w iy +

+
? [
v, -\ o4l
L ~ ./ ‘v

0
T o

< v Y
JUN 2.19 2asveneuuunautn

(Source: http://www.atom.rmutphysics.com/charud/oldnews/0/286/16/1/electric)

B (2.22)

Vg Ry
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2.5.3 2qasvensuuulingud
195veeuuUlinguta (Non-inverting amplifier) annsananalaRagu

o v L4 XY o
2.20 lngnons1veevednasiaiuisouandlamsdunisi 2.23

i
2 F

_+.
' 1. 04
Vot
4
v
v 0

4 \ o 3
sUN 2.20 29asverenuulinguen

U

(Source: http://www.atom.rmutphysics.com/charud/oldnews/0/286/16/1/electric)

Fo oifoy 22 (2.23)

Vs Rl

2.5.4 2995911
as Ad s i as dl
WITAIMUTIAU (Voltage follower) Annsasifidnsvensiviadu 1 Fea1unsn
s n‘ o ot o I [ & a = L
uanalanIzun 2.21 Imemm'mauwuﬁ‘ismﬂa{mmunamwmLLazLLiamuauvwa'lm'sm:,aml@

Faaunsh 2.24

2]

O —

JUN 2.21 29930 390U

(Source: http://www.atom.rmutphysics.com/charud/oldnews/0/286/16/1/electric)
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Vv, = Vg (2.24)

2.5.5 299538 uiigunsanu

2999103 8ULlBULIIAU (Voltage comparator) fimaeasiildiSeouiisusesu
LSITUAMI (v ) fusziuusiudnAmilmieGonitsefunssud e (Vggr ) Wazaing
dyanaewiwnannuaniaieudieui

wesisuisuussiuiliumniesuuandunldulnmade (Open loop
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Monitoring-for-generator set

This tweet be created for the alert system about the parameters from the diesel
generator set of KMITL Electrical engineering dth-year students in 2018
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P17 |2°|8E |F o E
0 < s Q- & E 8
0 9297 0 925.6 3.7 2T 85.9 30.19 50.19
15 93.26 91 1085 3.7 28,7 85.5 30.25 32.58
30 93.26 102 1409 3.7 29.7 455 31.69 36.01
45 93.16 86 1250 - 4 296 85.4 32.13 2022
60 93.16 91 866.4 3.7 29.6 85.5 32.31 41.68
D 93.16 102 1066 3.7 90 85.5 32.56 42.36
90 93.46 91 1317 3. 29.6 85.6 32.63 42.36
105 93.36 91 1317 o 15 ¢ 29.6 85.6 2281 42.61
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Va la Vb Ib Vc Ic f P 8
Load P.F.
V) (A) V) (A) V) (A) | (H2) | (kW) | (kVA)
No load | 198.09 | 0.11 [ 19665 0.13 | 196.77 | 0.18 50 0 0 1
1 197.63 | 0.42 | 196.19 | 0.42 | 196.49 | 0.53 50 0.02 | 0.02 1
2 195.98 | 0.84 | 19455| 0.83 |197.05| 0.9 50 0.06 | 0.06 | 0.99
2 194.78 | 1.32 [ 19354 13 [19469 | 1.25 50 0.09 | 0.09 1
4 19403 | 1.75 [ 19262 | 1.72 | 193.76 | 1.64 50 0.12 | 0.12 1
5 19336 | 2.17 | 191.95| 2.13 [ 193.09 | 2.08 50 0.15 | 0.15 1
6 19183 263 | 19043} 255 | 19044 ) 248 50 0.18 | 0.18 1
T 188.49 | 3.03 | 187.12| 297 |188.23 | 2.82 50 0.21 0,21 1
8 18257 | 3.44 |181.24 | 336 | 183.03 | 3.24 50 0.24 | 0.24 1
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Ahstiact

This project presents a study of starting operation for generator set 5™

using remole monitoring system. This study includes the starting operation
monitoring system incorporated with the steady state operation monitoring

system. As for the starting operation, the various parameters is considered |

including the battery charging current, the clogging in fuel injector and in the
intake pipe, the dynamo starter operation, the lubricant volume level, the

intake air flter, and the intake air throttle valve. As for the steady state \

operation, the considering parameters are composed of the terminal voltage,
the generator frame temperature, the engine vibration, the cooling water
temperature, ete. This proposed monitoring system is processed by the
microcontroller. The collected data from various sensors is transferred via an
Internct of Things technology (10Ts) 10 database in the ThingSpeak platform
and in a micro SD card. The generator set malfunction is monitored and
alerted on the Twitter application. Based on these smart functions, the user
can therefore remotely monitor the generator set operating status in real time
with the internet aceess.

» The generator set needs to be monitored by human all times. This leads 1o
highly expense on the human labor.

# During the starting operation, there may be a problem such as the engine
is not working properly, the clogging in fuel injector and in the intake
pipe which if these problems are not protected by immediate
maintenance, it may cause damage o the system,

» This project is fo design the remote monitoring system for the starting
operation of the generator set with real time detecting malfunction,
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Fig. 1 Methodology overview
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Fig.2 The 100 hours wrend dara of air flow, turbidity and CO density for diesel engine
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Fig.3 The collected dara for diesel engine in ThingSpeak platform
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Fig.4 Gauges from ThingSpeak and Alert via Tivitter application
Conclusion
LI,
» This 2 system the impo s for g w sel

especially starting state of diesel engine and scnds all measured data to
ThingSpeak platform cvery 15 seconds for checking the diesel engine
performance of 10 HP diesel engine and 7 HP diesel engine,

» The imponant parameters for starting state have relativity that CO density is
increased and air flow rate is decreased when lubricant turbidity is increased.

# This monitoring system is also able to alert users by posting the message 10
Twitter application homepage if the sensors data entering to ThingSpeak
platform match with the uncommon condition.
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Abstract

This journal presents a study of starting operation for
generator set using remote monitoring system. This study
includes the starting operation monitoring system incorporated
with the steady state operation monitoring system. As for the
starting operation, the wvarious parameters is considered
including the battery charging current, the dynamo starter
operation, and the air flow rate through the intake air filter.
As for the steady state operation, the considering parameters
are composed of the terminal voltage, the lubricant turbidity,
the speed of the generator set, etc. This proposed rmonitoring
system is processed by the microcontroller. The collected
data from various sensors is transferred via an Internet of
Things technology (loTs) to database in the ThingSpeak
platform and in a micro SD card. The generator set
ralfunction is monitored and alerted on the Twitter
application. Based on these smart functions, the user can

therefore remotely monitor the generator set operating status

in real time with the internet access.
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Your specialist in_innovating humidi te s

G Digital relative humidity & temperature sensor RHT03

1. Feature & Application:

*High precision

*Capacitive type

*Full range temperature compensated

*Relative humidity and temperature measurement
*Calibrated digital signal

*Qutstanding long-term stability

*Extra components not needed

*Long transmission distance, up to 100 meters
*Low power consumption

*4 pins packaged and fully interchangeable

2. Description:

RHTO3 output calibrated digital signal. It applys exclusive digital-signal-collecting-technique and humidity
sensing technology, assuring its reliability and stability. Its sensing elements is connected with 8-bit single-chip
computer.

Every sensor of this model is temperature compensated and calibrated in accurate calibration chamber and the
calibration-coefficient is saved in type of programme in OTP memory, when the sensor is detecting, it will cite
coefficient from memory.

Small size & low consumption & long transmission distance(100m) enable RHTO3 to be suited in all kinds of
harsh application occasions. Single-row packaged with four pins, making the connection very convenicent.

3. Technical Specification:
Model RHTO3
Power supply 3.3-5.5vVDC
Output signal digital signal via MaxDetect 1-wirc bus
Sensing element Polymer humidity capacitor
Operating range humidity 0-100%RH; temperature -40~80Celsius
Accuracy bumidity +-2%RH(Max +-5%RH); temperature +-0.5Celsius

Resolution or sensitivity | humidity 0.1%RH,; temperature 0.1Celsius

Repeatability humidity +-1%RH; temperature +-0.2Celsius
Humidity hysteresis +-0.3%RH
Long-term Stability +-0.5%RH/year

Interchangeability fully interchangeable

4. Dimensions: (unit—mm)

MaxDetect Technology Co., Ltd. - http://www.humiditycn.com

Thomas Liu (Sales Manager)
Email: thomasliu198518@yahoo.com.cn , sales@humiditycn.com



75

Ma Kdétect

Four specialist in innovating humidity & temperature sensors

S T 5. Electrical connection diagram:
Amm == ]
ot
g{f 20,00 251 Vee Veeo
1] 1] ’
s:- - 1K ] 1
T8t MCU 2| RHTO3 [,
Pin sequence number: 12 33 (from left to right direction). 4
Pin Functen = r
| 1 VDI power wupply ——
: Di'\-{l_xnnl B
3
e o - Gud
6. Operating specifications:
(1) Power and Pins

Power’s voltage should be 3.3-5.5V DC. When power is supplied to sensor, don't send any instruction to the sensor
within one second to pass unstable status. One capacitor valued 100nF can be added between VDD and GND for
wave filtering,
(2) Communication and signal
MaxDetect 1-wire bus is used for communication between MCU and RHT03. ( MaxDetect 1-wire bus is specially
designed by MaxDetect Technology Co., Ltd. , it's different from Maxim/Dallas 1-wire bus, so it's incompatible
with Dallas |-wire bus.)
Tlustration of MaxDetect 1-wire bus:
DATA=16 bits RH data+16 bits Temperature data+8 bits check-sum
Example: MCU has received 40 bits data from RHTO03 as
0000 0010 1000 1100 0000 0001 0101 1111 1110 1110
16 bits RH data 16 bits T data check sum
Here we convert 16 bits RH data from binary system to decimal system,
000000101000 1100 — _652
Binary system Decimal system
RH=652/10-65.2%RH
Here we convert 16 bits T data from binary system to decimal system,
00000001 0101 1111 — _351_
Binary system Decimal system
T=351/10=35.1C
When highest bit of temperature is 1, it means the temperature is below 0 degree Celsius.
Example: 1000 0000 0110 0101, T= minus 10.1°C
16 bits T data
Sum=0000 0010+1000 1100+0000 0001+0101 1111=1110 1110
Check-sum=the last 8 bits of Sum=1110 1110

MaxDetect Technology Co., Ltd. R http://www.humiditycn.com

Thomas Liu (Sales Manager)
Email: thomasliu198518(@yahoo.com.cn , sales@humiditycn.com
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When MCU send start signal, RHT03 change from standby-status to running-status. When MCU finishs sending
the start signal, RHT03 will send response signal of 40-bit data that reflect the relative humidity and temperature
to MCU. Without start signal from MCU, RHTO03 will not give response signal to MCU. One start signal for one
response data from RHTO3 that reflect the relative humidity and temperature. RHTO03 will change to standby status
when data collecting finished if it don't receive start signal from MCU again.

See below figure for overall communication process, the interval of whole process  must beyond 2 seconds.
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MaxDetect 1. wire bus illastration i

1) Step 1: MCU send out start signal to RHT03 and RHTO3 send response signal to MCU

Data-bus's free status is high voltage level. When communication between MCU and RHT03 begins, MCU will
pull low data-bus and this process must beyond at least 1~10ms to ensure RHTO03 could detect MCU's signal, then
MCU will pulls up and wait 20-40us for RHT03's response.

When RHTO3 detect the start signal, RHT03 will pull low the bus 80us as response signal, then RHT03 pulls up
80us for preparation to send data. See below figure:

MaxDetect Technology Co., Ltd. == http://www.humiditycn.com

Thomas Liu (Sales Manager)
Email: thomasliu198518(@yahoo.com.cn , sales@humiditycn.com
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2). Step 2: RHT03 send data to MCU
When RHTO3 is sending data to MCU, every bit's transmission begin with low-voltage-level that last 50us, the
following high-voltage-level signal's length decide the bitis "1" or "0".  Sce below figures:
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Attention:

If signal from RHTO3 is always high-voltage-level, it means RHTO3 is not working properly, please check the
electrical connection status.

7. Electrical Characteristics:

Items Condition Min Typical Max Unit
Power supply | DC e %) 5 6 v
Current supply | Measuring 1 1.5 mA

Stand-by 40 Null 50 uA
Collecting Second 2 Second
period

8. Attentions of application:

(1) Operating and storage conditions

We don't recommend the applying RH-range beyond the range stated in this specification. The RHT03 sensor
can recover after working in abnormal operating condition to calibrated status, but will accelerate sensors' aging.
(2) Attentions to chemical materials

Vapor from chemical materials may interfere RHT03's sensitive-elements and debase RHT03's sensitivity.
(3) Disposal when (1) & (2) happens

Step one: Keep the RHT03 sensor at condition of Temperature 50~60Celsius, humidity <10%RH for 2 hours;

Step two: Afler step one, keep the RHT03 sensor at condition of Temperature 20~30Celsius, humidity >70%RH
for 5 hours.
(4) Auention to temperature's affection

Relative humidity strongly depend on temperature, that is why we use temperature compensation technology to
ensure accurate measurement of RH. But it's still be much better to keep the sensor at same temperature when
sensing,

RHTO3 should be mounted at the place as far as possible from parts that may cause change to temperature.
(5) Attentions to light

Long time exposure to strong light and ultraviolet may debase RHT03's performance.
(6) Attentions to connection wires

The connection wires' quality will effect communication's quality and distance, high quality shiclding-wire is
recommended.
(7) Other attentions

* Welding temperature should be bellow 260Celsius.

* Avoid using the sensor under dew condition.

* Don't use this product in safety or emergency stop devices or any other occasion that failure of RHT03 may
cause personal injury.

MaxDetect Technology Co., Ltd. m3e http://www.humiditycn.com

Thomas Liu (Sales Manager)
Email: thomasliul98518(@yahoo.com.cn , sales@humiditycn.com
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G 1/2 Water Flow sensor

Introduction

Water flow sensor consists of a plastic valve body, a water rotor, and a hall-effect sensor. When water flows through
the rotor, rotor rolls. Its speed changes with different rate of flow. The hall-effect sensor outputs the corresponding
pulse Signal.

Model:POW110D3B

Specification
Working voltage |~ 5V-24V |
Maximum current 15 mA (DC 5V) :
Weigh | 43g |
External diameters 20mm ,
Flow rate range 1~30 L/min !
|

Opcrating temperat,uré 0°C~80°C
Liquid temperature |~ <120°C
Operating humidity = 35%~90%RH

Operating pressure under 1.2Mpa

Store temperature -25°C~+80°C |

Mechanic Dimensions



Unit:mm

56, 0

ONE 7
-4 g
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K / r 4 /@ »
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ﬁ’r?\/
Sensor Components
No. i Name Quantity g Material |
N 1 | Valve body B 1 | PAG6+33%glass fiber |
2 | Stainless steel bead 1 | Stainless steel SUS304 |
3 [ Axis 1 Stainless steel SUS304 |

80
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4 ‘ Impeller 1 POM I

5 Ring magnet 1 | Ferrite \

6 Middle ring 1 | PA66+33%glass fiber |

7 O-seal ring 1 Rubber |

8 | Electonicsealing | 1 | Rubber | -

9 ‘ Cover | EN | PA66+33%glass fiber |

0 | Screw 4  Stainless steel SUS304 | 3.0*11

11 f Cable 1 i 1007 24AWG |

Usage Example

Note: This example is abstracted from the forum, which was done by Charles Gantt. Thanks for his contribution. Let's
see how it works.

Reading Water Flow rate with Water Flow Sensor

This is part of a project [ have been working on and T thought I would share it here since there have been a few
threads on how to read water flow rate in liters per hour using the Water Flow Sensor found in the Seeed Studio
Depo. It uses a simple rotating wheel that pulses a hall effect sensor. By reading these pulses and implementing a
little math, we can read the liquids flow rate accurate to within 3%. The threads are simple G1/2 so finding barbed
ends will not be that hard.

Hardware Installation
You will need Seeeduino / Arduino ,Water Flow Sensor,10K resistor,a breadboard and some jumper wires.
Wiring up the Water Flow Sensor is pretty simple. There are 3 wires: Black, Red, and Yellow. Black to the

Seeeduino’s ground pin Red to Seeeduino's 5v pin The yellow wire will need to be connected to a 10k pull up
resistor.and then to pin 2 on the Seeeduino.
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SPECIFICATION

Customer Title : XiDi Technology

Product Name:

Mannlacture Model @ SCT-013-000

Chavateristics: open size: FuwmX 1 3mm
Im leading wire
Core material :Ferrite

Fire resistance propertyvzin accordance with

IL 94-VO

Piclectric strength: 1000V A

(hetween shell and output)

Outline size diagram: Cin mm)
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1

Front View
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Y

Side View
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Customer Sign;

Bei jing YaoHuadechang Electronic Co.. Ltd

Phone: 0335 7929199 803

Coll: 136933315311

Contact
Approve Sign: Chenjianping

Nawe: Engineer Chen
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Lm393 Motor Speed Measuring Sensor Module For Arduino

Widely used in motor speed detection, pulse count, the position limit, etc. The DO

output interface can be directly connected to a micro-controller TO port, if there is a block
detection sensor, such as the speed of the motor encoder can detect.

DO modules can be connected to the relay, limit switch, and other functions, it can

also with the active buzzer module, compose alarm.

Main technical characteristics:

Dimensions: 32 x 14 x 7mm.

The sensor reading slot has a width of Smm,
Two outputs, one Digital and one Analog.
LED power indicator.

LED indicator of the output pulses of pin D0.

Features

Using imported trough type optical coupling sensor, groove width 5 mm.

The output state light, lamp output level, the output low level light.

Covered : output high level; Without sunscreen : the output low level.

The comparator output, signal clean, good waveform, driving ability is strong, for
more than 15 ma,

The working voltage of 3.3 Vto5V

Output form: digital switch output (0 and 1)

A fixed bolt hole, convenient installation

Small board PCB size: 3.2 ¢cm x 1.4 cm

Use the LM393 wide voltage comparator Module

USES:

The module without slot, the receiving tube conduction, module DO output low level,
shade, the DO output high level;
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e the DO output interface can be directly connected to a microcontroller 10 port, if there
is a block detection sensor, such as the speed of the motor encoder can detect.

e DO modules can be connected to the relay, limit switch, and other functions, can also
with the active buzzer module, alarm.Product connection details:The positive 3.3-1,
VCC power supply 5 v2, GND connect power cathode

e DO TTL switch signal output4, AO the module does not workShipping list: A speed
measuring sensor module

This IR speed module sensor with the comparator LM393, we can calculate the speed
of rotation of the wheels of our robot. If we place a ring gear that rotates attached to our
wheel. It could also be used as an optical switch.

The basic operation of this sensor is as follows; If anything is passed between the
sensor slot, it creates a digital pulse on the DO pin. This pulse goes from OV to 5V and is a

digital TTL signal. Then with Arduino we can read this pulse.

Here are the different parts:

OPTOINTERRUPTOR POWER LED
LED ALIMENTACION

{M302  DATALED
| ED DE DATOS

Main parts of the encoder

Wiring specification:
e VCC Connect the positive 3.3 5 v power supply
GND Connect power negative
DO TTL switch signal output
AQO This module does not work
The module do not have Analog output.

e @ @ @
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HC-SR04 User Guide

1, Ultrasonic Distance Measurement Principles

The transmitter emits a 8 bursts of an directional 40KHz ultrasonic wave when
triggered and starts a timer. Ultrasonic pulses travel outward until they encounter
an object, The object causes the the wave to be reflected back towards the unit.
The ultrasonic receiver would detect the reflected wave and stop the stop timer.
The velocity of the ultrasonic burst is 340m/sec. in air. Based on the number of
counts by the timer, the distance can be calculated between the object and
transmitter The TRD Measurement formula is expressed as: D = C X T which is
know as the time/rate/distance measurement formula where D is the measured
distance, and R is the propagation velocity (Rate) in air (speed of sound) and T
represents time. In this application T is devided by 2 as T is double the time

value from transmitter to object back to receiver.

2. Product Features

Features

@ Stable performance (Xtal.)

® Accurate distance measurement
® High-density SMD Board

® Close Range (2cm)

Uses

® Robotics barrier

Object distance measurement
Level detection

Security systems

Vehicle detection/avoidance
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3, Product Views
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4, Module Pin Asignments

Pin Symbol Pin Function Description
1 VCC 5V power supply
2 Trig Trigger Input pin
3 Echo Receiver Output pin
4 GND Power ground

5. Electrical Specifications

WARARNING
Do Not connect Module with Power lied! Always appl er after connectin
Connect "GND"” Terminal first App PP .

Electrical Parameters HC-8R04 Ultrasonic Module
Operating Voltage 5VDC
Operating Current 15mA
Operating Frequency 40KHz
Max. Range 4m
Nearest Range 2cm
Measuring Angle 15 Degrees
Input Trigger Signal 10us min. TTL pulse
Output Echo Signal TTL level sig[nal, proportional to
distance
Board Dimensions 1-13/16" X 13/16" X 5/8"
Board Connections 4 X 0.1” Pitch Right Angle Header Pins




6. Module Operation

Set Trig and Echo Low to initalize module. Place a minimum 10us High
level pulse to "Trigger” (module will automatically send eight 40KHz acoustic
bursts). At the same time, Gate the microcontroller timer to start timing.

Wait to capture the rising edge output of ECHO port to stop the timer. Now
read the time of the counter, which is the ultrasonic propagation time in the air.
According to the formula: Distance = (ECHO high level time X ultrasonic
velocity (Speed of Sound in air 340m/sec) / 2, you can calculate the distance to

the obstacle.

For best results and maximum range, the Object should be larger than 0.5M?2

the nearer the target object, the smaller it may be
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7. ModuleTiming

HC-SR04 ULTRASONIC MODULE

————————————— >S50 ————————— — —
--10us--
Trigger
Acoustic
Burst 8x40KHz
Reflected & » '
Signal
Output of ‘
ECHO Pin 4
Propagation Delay
Dependent on Distance

Trigger 10us min. start measurement from microcontroller.

Max Rep. Rate: 50us
ECHO Output pulse to microcontroller, width is the time from last of 8 40KHz
bursts to detected reflected signal (microcontroller Timer gate signal)

Distance in cm = echo pulse width in uS/58

Distance in inch = echo pulse width in u$/148

Information obtained from or supplied by Mpja.com or Marlin P. Jones and Associates
inc. is supplied as a service to our customers and accuracy is not guaranteed nor is it
definitive of any particular part or manufacturer. Use of information and suitability for
any application is at users own discretion and user assumes all risk.
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MG-9 Semiconductor Sensor for CO/Combustible Gas

Sensitive material of MQ-9 gas sensor is SnO,, which with lower conductivity in clean air. It make
detection by method of cycle high and low temperature, and detect CO when low temperature (heated
by 1.5V). The sensor's conductivity is more higher along with the gas concentration rising. When high
temperature (heated by 5.0V), it detects Methane, Propane elc combustible gas and cleans the other

gases adsorbed under low temperature. Please use simple electrocircuit, Convert change of conductivity

lo correspond output signal of gas concentration.

MQ-9 gas sensor has high sensitity to Carbon Monoxide, Methane and LPG. The sensor could be
used to detect different gases contains CO and combustible gases, it is with low cost and suitable for
different application.
Character Configuration
* Good sensitivity to CO/Combustible gas ‘
* High sensitivity to Methane, Propane and CO
* Long life and low cost
* Simple drive circuit

li n

* Domestic gas leakage detector
* Industrial gas detector

* Portable gas detector
Technical Data
Model No. MQ-9 v Vr
Sensor Type Semiconductor A
Standard Encapsulation Bakelite A B
Detection Gas CO and combustible gas 1 oM R
10-1000ppm CO H
Cogronifiine 100-10000ppm combustible gas
v
Loop Voltage Ve =10vDC GND
5.0v10.2V ACorDC (High)
2 Heater Voltage | Vi
Circuit 1.5V10.1V ACorDC (Low) The above is basic tes! circuit of the
Heater Time T 60118 (High) 90+1S (Low) sensor. The sensor need 1o be put 2
Load Resistance | Ry Adjustable voltage, heater voltage (VH) and
iHeater Resistance| Ry 310430 (Room Tem.) test voltage (VC) . VH used to
Heater supply certified working temperature
coidhotion | ™ <350mW y : ng tempe
Character Sensing R — (in 100ppm CO) 1o the sensor, while VC used to
Resistance : Pe detect voltage (VRL) on load
Sensitivity S | Rs(inaiyRs(100ppm COR5 | rocistance (RL) whom is in series
Siope 2 S0.6(R200pprm/ R 100pm CO) with sensor. The sensor has light
Tem. Humidity 207C+2C; 65%+5%RH polarity, Vc need DC power. VC and
Ve:5.0V10.1V; -
Condition | Standard testcircuit | Vi (High) : 5.0V20.1V; S e
Vu (Low) : 1.5V+0.1V with precondition to assure
Preheat time Over 48 hours performance of sensor. In order to
make the sensor with better

performance, suilable RL value is needed:
Power of Sensitivity body(Ps); Ps=Vc**Rs/(Rs+RL)?
Tel: 86-371-67169070/80 Fax: 86-371-67169090 Email: sales@hwsensor.com
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Resistance of sensor(Rs): Re=(Vc/VRL-1)xRL

Sensitivity Characteristics Influence of Temperature/Humidity
10 55 19
H Fiy 2
-.-lu: ” - T |t |
Figl I o o - = I

0.9
a5 ‘“*x\,\:
01 .,
s
. . 0.9 i n 1 1 J
300 1000 10000 - W 0 10 2 k1] 40 9 U
Fig.1 shows the typical sensilivity characteristics of Fig.2 shows the typical temperature and humidity
the MQ-9, ordinate means resistance ratio of the sensor characteristics. Ordinate means resistance ratio
{Rs/Ro), abscissa is concantration of gases. Rs means of the sensor (Rs/Ro), Rs means resislance of sensor
resistance in different gases, Ro means resistance of in 1000ppm Propane under different tem. and humidity.
sensor in 1000ppm LPG. All test are under standard Ro means resistance of the sensor in environment of
test conditions. 1000ppm Propane, 20°C/65%RH
Structure and configuration
Parts Malerials
e I 1 Gas sensing layer  Sno2
- A B 2 Electrode Au
3 Electrode lne Pt
4 el H 4 Hester col Ni-Cr alloy
i 5 Tutlar ceramic 41203
2 2 B E Fitter Active Carbon
- 7 Clamp ring Ni-Cu
f 8 Resin Base Bakelte
- 6, 2 Tube Pin MN-Cu
- 8 A B
-9
1
H
2 T &AE3

Structure and configuration of MQ-9 gas sensor is shown as Fig. 3, sensor composed by micro AL203 ceramic tube, Tin
Dioxide (Sn02) sensitive layer, measuring electrode and heater are fixed into a crust made by plastic and stainless steel
net. The heater provides necessary work conditions for work of sensitive components. The enveloped MQ-7 have 6 pin, 4
of them are used to fetch signals, and other 2 are used for providing heating current.

Tel: 86-371-67169070/80 Fax: 86-371-67169090 Email: sales@hwsensor.com
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Notification

1 Following conditions must be prohibited

1.1 Exposed to organic silicon steam

Organic silicon steam cause sensors invalid, sensors must be avoid exposing to silicon bond,
fixature, silicon latex, putty or plastic contain silicon environment

1.2 High Corrosive gas

If the sensors exposed to high concentration corrosive gas (such as H,Sz, SO,, Cl,, HCl etc), it will
not only result in corrosion of sensors structure, also it cause sincere sensitivity attenuation.
1.3 Alkali, Alkali metals salt, halogen pollution

The sensors performance will be changed badly if sensors be sprayed polluted by alkali metals salt
especially brine, or be exposed to halogen such as fluorin.

1.4 Touch water
Sensitivity of the sensors will be reduced when spattered or dipped in water.

1.5 Freezing
Do avoid icing on sensor'surface, otherwise sensor would lose sensitivity.

1.6 Applied voltage higher

Applied voltage on sensor should not be higher than stipulated value, otherwise it cause down-line or
heater damaged, and bring on sensors’ sensitivity characteristic changed badly.
1.7 Voltage on wrong pins 6

For 6 pins sensor, if apply voltage on 1, 3 pins or4. 6 pins, it :
will make lead broken, and without signal when apply on 2. 4 pins 4 - 8

2 Following conditions must be avoided 3 4
2.1 Water Condensation

Indoor conditions, slight water condensation will effect sensors performance lightly. However, if water
condensation on sensors surface and keep a certain period, sensor’ sensitivity will be decreased.

2.2 Used in high gas concentration
No matter the sensor is electrified or not, if long time placed in high gas concentration, if will affect
sensors characteristic.

2.3 Long time slorage

The sensors resistance produce reversible drift if it's stored for long time without electrify, this drift is
related with storage conditions. Sensars should be stored in airproof without silicon gel bag with clean air.
For the sensors with long time storage but no electrify, they need long aging time for stbility before using.

2.4 Long time exposed to adverse environment
No matter the sensors electrified or not, if exposed to adverse environment for long time, such as
high humidity, high temperature, or high pollution etc, it will effect the sensors performance badly.

2.5 Vibration
Continual vibration will result in sensors down-lead response then repture. In transportation or
assembling line, pneumatic screwdriver/ultrasonic welding machine can lead this vibration.

2.6 Concussion
If sensors meet strong concussion, it may lead its lead wire disconnected.

2.7 Usage

For sensor, handmade welding is optimal way. If use wave crest welding should meet the following
conditions:

2.7.1 Soldering flux: Rosin soldering flux contains least chlorine

2.7.2 Speed: 1-2 Meter/ Minute

2.7.3 Warm-up temperature; 1004£20°C

274 Welding temperature: 250+10°C

2.7.5 1 time pass wave crest welding machine
I disobey the above using terms, sensors sensitivity will be reduced.

Tel: 86-371-67169070/80 Fax: 86-371-67 169090 Email: sales@hwsensor.com
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Technical Specification

Arduino Nano 3.0 (ATmega328): schematic, Eagle files.

Arduino Nano 2.3 (ATmega168): manual (pdf), Eagle files. Note: since the free version of
Eagle does not handle more than 2 layers, and this version of the Nano is 4 layers, it is
published here unrouted, so users can open and use it in the free version of Eagle.

Microcontroller Almel ATmega168 or ATmega328
Operating Voltage (logic 5v

level)

et 12V

Input Voltage (limits) 6-20 V

Digital I/O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 8

DC Current per I/O Pin 40 mA
16 KB (ATmega168) or 32 KB (ATmega328) of which 2 KB used by

Flash Memory Botiar

SRAM 1 KB (ATmega168) or 2 KB (ATmega328)
EEPROM 512 bytes (ATmega168) or 1 KB (ATmega328)
Clock Speed 16 MHz

Dimensions 0.73" x 1.70"
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The Arduino Nano can be powered via the Mini-B USB connection, 6-20V unregulated external power supply
(pin 30), or 5V regulated external power supply (pin 27). The power source is automatically selected to the
highest voltage source.

The FTDI FT232RL chip on the Nano is only powered if the board is being powered over USB. As a result,
when running on external (non-USB) power, the 3.3V output (which is supplied by the FTDI chip) is not
available and the RX and TX LEDs will flicker if digital pins 0 or 1 are high.

The ATmega168 has 16 KB of flash memory for storing code (of which 2 KB is used for the bootloader); the
ATmega328 has 32 KB, (also with 2 KB used for the bootloader). The ATmega168 has 1 KB of SRAM and
512 bytes of EEPROM (which can be read and written with the EEPROM library); the ATmega328 has 2 KB
of SRAM and 1 KB of EEPROM.

Each of the 14 digital pins on the Nano can be used as an input or output, using pinMode(), digitalWrite(),
and digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a maximum of 40 mA
and has an internal pull-up resistor (disconnected by default) of 20-50 kOhms. In addition, some pins have
specialized functions:

» Serlal: 0 (RX) and 1 {TX). Used to receive (RX) and transmit (TX) TTL serial data. These pins are
connected to the corresponding pins of the FTDI USB-to-TTL Serial chip.

» External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low value, a
rising or falling edge, or a change in value. See the attachinterrupi() function for details.
PWM: 3, 5, 6, 9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.
SPI: 10 (88), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication, which,
although provided by the underlying hardware, is not currently included in the Arduino language.

= LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the LED is
on, when the pin is LOW, it's off.

The Nano has 8 analog inpuls, each of which provide 10 bits of resolution (i.e. 1024 different values). By
default they measure from ground to 5 volls, though is it possible to change the upper end of their range
using the analogReference() function. Additionally, some pins have specialized functionality:

» PPC:4(SDA)and 5 (SCL). Support ’C (TW1) communication using the Wire library (documentation
on the Wiring website).

There are a couple of other pins on the board:

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

See also the mapping between Arduino pins and ATmega168 ports.

RS ~radiospares rapionics
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Communication

The Arduino Nano has a number of facilities for communicating with a computer, another Arduino, or other
microcontrollers. The ATmega168 and ATmega328 provide UART TTL (5V) serial communication, which is
available on digital pins 0 (RX) and 1 (TX). An FTDI FT232RL on the board channels this serial
communication over USB and the FTDI drivers (included with the Arduino software) provide a virtual com
port to software on the computer. The Arduino software includes a serial monitor which allows simple textual
data to be sent lo and from the Arduino board. The RX and TX LEDs on the board will flash when data is
being transmitted via the FTDI chip and USB connection lo the computer (but not for serial communication
on pins 0 and 1).

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

The ATmega168 and ATmega328 also support 12C (TWI)and SPI communication. The Arduino software
includes a Wire library to simplify use of the 12C bus; see the documentation for details. To use the SPI
communication, please see the ATmega168 or ATmega328 datasheet.

The Arduino Nano can be programmed with the Arduino software (download). Select "Arduino Diecimila,
Duemilanove, or Nano w/ ATmega 168" or "Arduino Duemilanove or Nano w/ ATmega328" from the Tools >
Board menu (according to the microcontroller on your board). For details, see the reference and tutorials.

The ATmega168 or ATmega328 on the Arduino Nano comes preburned with a bootloader that allows you to
upload new code to it without the use of an external hardware programmer. It communicales using the

original STK500 protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit Serial
Pregramming) header; see these instructions for details,

Automatic (Software) Reset

Rather then requiring a physical press of the reset butlon before an upload, the Arduino Nano is designed in
. away that allows it to be reset by software running on a connected computer. One of the hardware flow

conlrol lines (DTR) of the FT232RL is connected to the reset line of the ATmega168 or ATmega328 via a
100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops long enough o reset the
chip. The Arduino software uses this capability to allow you lo upload code by simply pressing the upload
button in the Arduino environment. This means that the boolloader can have a shorter timeout, as the
lowering of DTR can be well-coordinated with the start of the upload.

This selup has other implications. When the Nano is connected to either a computer running Mac OS X or
Linux, it resets each time a connection is made to it from software (via USB). For the following half-second or
s0, the bootioader is running on the Nano. While it is programmed to ignore malformed data (i.e. anything
besides an upload of new code), it will intercept the first few bytes of data sent to the board after a
connection is opened. If a skeich running on the board receives one-time configuration or other data when it
first starts, make sure that the software with which it communicates waits a second after opening the
connection and before sending this data.
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ESP8266 NodeMCU WiFi Devkit

The ESP8266 is the name of a micro controller designed by Espressif Systems. The
ESP8266 itself is a self-contained WiFi networking solution offering as a bridge from
existing micro controller to WiFi and is also capable of running self-contained applications.

This module comes with a built in USB connector and a rich assortment of pin-outs. With a
micro USB cable, you can connect NodeMCU devkit to your laptop and flash it without any
trouble, just like Arduino. It is also immediately breadboard friendly.
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1. Specification:
* Voltage:3.3V.
* Wi-Fi Direct (P2P), soft-AP.
e Current consumption: 10uA~170mA.
® Flash memory attachable: 16MB max (512K normal).
Integrated TCP/IP protocol stack.
Processor: Tensilica L106 32-bit.
® Processor speed: 80~160MHz,
RAM: 32K + 80K.
GPIOs: 17 (multiplexed with other functions).
Analog to Digital: 1 input with 1024 step resolution.
+19.5dBm output power in 802.11b mode
802.11 support: b/g/n.
Maximum concurrent TCP connections: 5.

2. Pin Definition:

0R(GPIOIE) con only be used as gpio read/write, no (ATEFPUDT SWapOrted, no pwe/ {20/ ow Suaported

3. Using Arduino IDE
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