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ABSTRACT

This research aims to study the electrical behavior of iridium spark plug and nickel
spark plugs when the both of spark plugs perform as a load of gasoline ignition system
and use the information from the test as a guideline to develop the suitable operation
of the ignition system by both types of spark plugs as loads of system. The testing was
conducted through the ignition system model, which was a tool designed to work like
a real ignition system and used an oscilloscope to measure the components of the
ignition signal. That consists of ignition voltage, spark duration time, spark delay time.
These data have been used to analyze and compare data between iridium spark plugs
and nickel spark plugs. From the research, it has been found that the Iridium spark
plugs require less voltage to start the ignition than Nickel spark plugs 12.63%. As a
result, the Iridium spark plugs have a shorter ignition delay than the nickel spark plugs
8.825%. From this trend, the using of iridium spark plugs in ignition systems designed
for nickel spark plugs results in a risk of engine knock. Due to the maximum pressure
within the cylinder occurs faster or near the top dead center (TDC). The Engine
knocking results in a low compression ratio. Therefore, the reducing dwell time about
2.75% when use the iridium spark plugs as a load in the ignition system, gives the same
response as the nickel spark plug and allows the engine to run with a higher rpm equal
6,396 rpm from the original rpm of engine equal 6,250 rpm which is the maximum

dwell tme controlling before current the internal coil will decreases.
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JUN 2.2 Tpdnsmsvinu 4 Jame veuaIesgusuLialedu (4 Cycle Gasoline Engine )

1. famazgna (Intake stroke) ifiognguidiedouiias drunawesidiudomdsiuoina
srgngaiulunszuengulneriaulefintake valve) §sliney AulefasUnituszana
Uanedamzganislnatgudnieana(Bottom dead center: BOC)

2. §aw2z8n (Compression stroke) Lingnguisuiadeudituaulofiosla drunauves
insfuidaindaiuenimazgndaaunsedalndaudnisuu(Top dead center: TDC)
Usgmglalanniifisuazsusngtulunanidvilinsunnidumauveshiudemdsty
pIMAEIFTY

3. Jamzinde wie Savnzsnilin (Power stroke) Wlognguisuadoudias usaduvosiad
Aaannsinlvsifiauysal sznszunnasuuingngulazndndulignguindeuiiasau
nsgialndgudnean duleide (Exhaust valve) 951l

4. Favazagleide (Exhaust stroke) iilognguiFuiadouiity azudnduliloidodddlu
nszvengueenlumeuanlaskiuiuledefiney Auleidedinalaegaunseitignauis
udmeuuniuasiunsiuiuiamnegalusounisvhausely



2.2 szuuyaszilnnasIimuInisvesszuuanseilnlunsassudufialaau

Tundossuiufalsfudunauvendomdeiuoinie (lof) figndnslunszuenguves
\n3essudaziinnisanindflidesondoszuugasziladaiiniilumsnanliiuseiug
Uszanas 40,000 12ad (20,000 - 40,000 1oad) 91nuuntaeisasus 12 Thas nssualvii
LsadugeiinanldazgnasludaiiiouielnAnusenmoluaudansimuvay wazqn
dunaslurieanlvivesaiossud sruugnszilaignldlusasudusznoulusegunsal
wdnitdndey il

JUN 2.3 UAnILUALABIINULA

- wuaas (Battery) (Hugunsallusaeudifuldinduilavesssuullin vimhi
dounszialnlitligunsaisneg vesndesudiiielivineuld 1wy Nemesaniim, szuugn
suda luvsiianinsoous uenainddwihmihitoundsnliitugunsaisineauazann
“a180819 LU ssuulndesading, seuudsuainia, ng Dudy wusmoitmlalyuvasuan
nszualwi widuiiiulili 1d1508 FsuumpeIazdrenszualnesniannzluneuaniiv
idesauiviniu Tngagdsnszualnilidnguomesaniin wagszuuineg vouaiosoud
n¥anturedlassaiuimdonsaualiiiide Weiedaseuihauuds lnsvidaftasih
wihfvsgglaiduunmedegasieiies Tnsnszudlnihaggnmyuidsudiesnuumnoiet
iawe fladunsaimsvauiianysaisuy nszualiihfimdonnnisldnuazgnindnluiiui
wusees Tuvasdsifudilasusalilannsondanszualnildtumudosnimiorau

a a «
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- sAndyaszidavzeadndnua (Ignition switch) viwiida-se nszualniingin
wummesludsszuugassidn uazgunsailnindug vessnoud lussuugnszidanszuali
wwgningludanasdanseidalgnition Coll) iielhinnisaraumdsnulusnain anduis
fufiunsudas usaadeulyiheliduusaedoulningauazdsludaiufiou
- meedaaszidalignition Coil)  LHugunsallilunisuvasifiusadumlsmdulndi
wsedugalagldndnnisiiefudundoudasliin  areluasusenaudis vnaindgugl
(Primary winding) wazanainyAegii(Secondary winding) Wueguuunuwinseudeiiu lng
ﬁumamﬂﬁmm Lﬂuammameumimmwuaasauuaﬂﬂi g8 150 - 300 seU Suluii
useduisrsnaInLUed vaziidvnmeyisgfiasduraainliiussfugaiiofiazdne
Tty Wuaaiauiumaammaamﬂﬁmumamwaqmemmaﬂﬂiumm 15,000 - 30,000
50U SEMinturesIamInzinTEnauIuAueg iotasiundnims nsadislnihusady
gamamaaaqmummummmimummmLm(SeLf—mducUon) wazNIwieanihsau(Mutual
induction) va4unalIn na1fe tiledrenszualuiinlnalurnalntgugdl azaonq Lin
dunuuimaniuseu wnaslnioniliuiusnunannatsduwivdnetiedng wuiu was
aunaudimdniaglumdenhliAaussduluihtuiivnaiayfonfesiedng Fafeussiulii
Jusne TurnedinsuudlwihlnalunmnUguniosdssalviAnusaedousinuCounter EMF) Tu
finmansstrufunssndeuvesuvasiidnsudunainanmsmienidiewesnan uaz
rion anasaulilensgliinlvatsAnasaaifoazlailnaiudn aumutivdndsliinnisy
dounvasilvinssndousmuiu 0 Taad wiviuiidamssenszudlniliunainUsund ag
dsnalaunuuslmanivnmnuazuiuunumdnguiogredunduianieniusssulninly
vaaIaUgugll uazuamadend  lesanmsgusieseriniiivesaunsimdnyiliAn
usadeuliiinnmamienhiefiosdnasilusaanugugil Ineussiulifihfmieaiae
fiAnaglugie 300 - 500 Tad ilefinsiasuutadiuanaiagugll szifausandeuldirly
vnmnyisndsudunannnisndendiseninaainisass aussdulaihiiusng dud
AAIANRENNITTAIUTEUI 20,000 - 40,000 1385 AINENTIAIUIILINTOUVDIVATINYFAY
ninevnainUguqil

High-voltage

terminal

Positive terminal
(voltage supply)
High-voltage output &

Insulating @-_) @ Fastening clip
material i 7

Negative terminal

(contact breaker)

2 @ Insulating cover

—& High-voltage spring contact

| Secondary winding
—©® Sealant

~ |IM® Insulating compound
@ Iron core

5UN 2.5 aeAUsznaunsydnseiin


https://nationalmaglab.org/education/magnet-academy/watch-play/interactive/ignition-coil
https://nationalmaglab.org/education/magnet-academy/watch-play/interactive/ignition-coil

YAnMasu1a(Breaker section) LHugunsnifiegnigluatudne (Distributor) vinmii
Juaindsnlud® dn - so waslivesueainugugiilureedyaszidadiunsmgd  asandunis
ifudsddgdmiunmaaiausaiuligs Wonthvesumdanszualiiiaginaiuaosdqn
sednuanfnauuuindniungluaeed Wonhneswudanszualiihilvasuludinesd
aggninsasiazauimaniunumdnseufazgud vilmAnnamienthusaedeul wih
a1 Tullagiugaunlsigunsaldidnnsednduvimih i duaindsnlutAunufigavih
nosunluszuugaseidn esanlnadnslumsiewdidninganiimesniddnuuyas
anuuwuunaln svesuieluidedaly

gﬂﬁ 2.7 vty (Spark plug)

- Wadiew (Spark plug) Juaunsalddgluszuuyaszidalignition system) Vs
wsespud lnlfhussiugedildannesdemseidnasgndandsiniiou dsmaliiinanizans
thnssuaivsnataevestuieulunanamdeiund  nszuadilvanluneuiassSendn
Uszneln(Spark) ?ﬁaﬂizmumiﬁqﬂa"r;ﬁ]sgﬂ‘v?ﬂ,ﬁl,ﬁmﬁﬁuiuLaaﬂﬁgﬂﬁﬁwumlimﬁmms
poNLUUTTULInIziTnvaATeEus
\Hunstuiinesessudufaledudndudesiiszuugassiaiiomnlnddmunanie
IWadLaze1nIA Wé’wuﬁﬁqwaﬁﬂﬁm’%mauﬁﬁﬂmﬂﬁ@ﬂwaﬁﬂisﬁw'ﬁmwﬁuagﬁuL'E"auiﬂ
nangUsznns faildnanalflunoudu imszazdu nsfaunszuugnsadelivihauldods
gndesiadsundasiumumnuimtmanalulad vilvanusaduunyussinnaesszuugn
sudald 2 ofin oodl duﬁﬁassuaﬂa'nﬁﬁzwfgmzLﬁmﬁiﬁwmmaéwhﬁ?u . Battery ignition

system)



2.2.1 isuumiqmzlﬁﬂLL‘U‘Uﬂ%‘VIﬂa‘ln(Conventional Ignition System)

seuugassidauuuilldiumneiuunusinuiusa Jagtudindildod iunieseudn
fwalulagliaein Wneagldauievimihiduainnalaluns da-se 293slivesvnainlgy
ﬂ =]

fuelinlnusegs Tussuvasyseneulume Useneume wummes aindynseln rowd
05200 N93U17 ARUIALLYES 91WIY wazaley anunsawusesnilu 2 2sasdes laun

N i A |

1
’4 ______ T B
Ignition switch
e L >
" *

e |
+

<

,

JUN 2.8 aunsalsines vesszuuInssauuuainnaln

3

1. 29a51Wus9A1 (Low-tension circuit) axi3udusious wusima’ Trenszualiilkiuaing
naua fudinesdanstidafiuanaindgugd senluidraudiginumimesuaideiuas
N31INATUINAS
2. 29a51Wus9g9 (High-tension circuit) azi3usuainiauinuesrosdynssdaruunain
NAgINUlUNIATOUIUT Y KU lsneslUS Wi uaIng1insUI9T199s9nseLdn[1]
nsvinauvesszuLnstlauuuainnaln WeWaaindgnsidn nszualiiiiazina
mnmemaéiﬂé’maaéﬁ;mmﬁﬂ (Ignition coil) muwamﬂgugﬁ(Primary winding) %114
Trnnuareenmainaurosrssdansuda luseninenszuaunisi dwidmasuna(Points) 7
agn1eluatudng (Distributor) siefunszualvinazlvaiunimesvnainsnavesszuu s
yhandensursasiiliAanmamdenhanuudindnliluseseugugl sunseignide)
37ud8(Point cam) nywlantineswninsewalilurnainlgugfidegniniasilunaln
aunuusiivdnluveainUgugiguiedresdundu nmsguidananazmieniliAnliii
usafugefivnaemisnii(Secondary winding) Uszanas 30,000 Thast mudnausuiuseu
Yosuna IR ilsevnaInUgugil uazgningluduiaiieu(Spark plugs) \eadausemedild
nMsfusUidomasvenaiassudauonmeiivangan luvusfertudy mamdeni
wsnadoulnihsaufatulurnainsund Yszanm 500 Taad inssasiu $1dudosd
AouLuLgas(Condenser) slevunusgiunimasunaiioshmihiigaduussqlwitlalinsslan
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Prumtimosrndunisdesfuamdsmeianiniu lussuugnssdaviaiogldniy
nesnudugunsainalnlunisindersasvesuamnugugiilunesdasudaifioainusaadou
Iwussge semaihauideddnalnlunisla- Wanthmeswa Hranafiudsuaniugain
W - U litgawe vildszuulianmsandnusandeuliussgsldnnin Jsdeafiudasdru
vosunmasansdialiuntu vilieesdiivualnguasdudestangunsnl matgednm
mmwawnﬂLﬂummmLuaqmﬂwmmawnaﬂﬂiﬂ"LmmmammmmmavmmuaEJ6] nds B
slsesidlnlmimng ads nitsilengnisldaudes esandesmunszualnihiluasily
famgqasedaiiliiAnmuiousudunauanussnglniindulurneinossuen
waziilegnltluidunany famhvemessmaziinesnledililuasasinusadiifia
drunmuiiuty nssualwihdilnaiuenainugugifvanasinliud sluiussiugsanadly
fe mragiiu wihmesiadugunsaifiddnalussuunssdauuuaindnaln win
yhauiawainfazdsnasioystanamnisyinnureaadoseuslasnse

2.2.2 szuugnszlauuudiannsaiingd (Electronic ignition system #3a EIS)

Tuthgtuedaseusdnlngldszuugnssdouuudidnnseind aalussuuriaias
Tinsudanesuagindnoudnnesiiugunsalivimihiiununimewrdsaunsoasng
wsadullvtiildasnirsvuugasudaiilivesnn Adiduididdgannmezdussiuliigas
vlmateseudintiviilefluionalndlinun uashonldatudedunanlofiug waiilday
inidanuveueiessudnas Udesfeiueaninesasiniiliszdnsamuesiadessud
a1l szuugnandadidnnseindanunsnutsoanlfidu 3 uuu fe

2.2.2.1 53uUnssUALUUNINIIUTALA RS (semi-transistor ignition system)

szuvnssidauuuimnudameslusui 2.9 Wussuuiidendddaudng uagnih
neaynegsailunisiau udlstinsiiugatiegnszde (gniter) dudunsudanefidily
Tusasgesadn andgmszuugnszidauuuainnalnaildngnld wiusedugeindnls
lifisswelumsadaUsenefidsaiaiouiiesnsiimeuadosusigeiu aumdnnsfia
wisnufiazauegluvnainuguniilurazinesn1afonaas A nasnuyiniy Energy = v
[12L] wagazaneveandanulituinaanfog mazasiuniadia (nszua) vie L(A1Budn
wsud) agvilvndanurosssuugedy wiluwasfuaiy dufiunssudlunsasiviussiligand,
szuuieenuuuly azdsmasilvimesidemeldidesannesvnidadinlunismunssua
vi3e fufudndusnuauduesuamiadsannsavinldlnensifivdnusevtesuaninliuiniy
meviudagiliAausaadeuduiviulude vlinamvieniauuusdivdnluunain
dodldinanuuiu nssuailvarurnainisanaadosnsiiige avduiiaeddsildndinanis
liawsathunldle domndiaunlifnduisfazurletymdsnandansasilalnenisia
Snsrdudausouvesraalngaandaligeundedu nseenuuuInaIngaseLindia
Sandiudnnuseugey wanvaainugugiiliiiseutios uasifinduiuseurnaanieni
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Spark plugs

, . . MO
e VT

JUN 2.9 gunsalings vesuszuuInssidauuuimsuianes

wdidndrulagdseanaegdl 10100 8 1:400 dazgnirluldiussungaszdaild
naudanesilinalnaruvaainUsugfilauinus agvaundimesildviisndndey
a1y dladnaiadanseida nazualiihanuumneidiunisarlnalugsiauinues
ﬂaﬂéagmmﬁmmusumamﬂgmgﬁlﬂsaasﬂiﬁsﬁ% C(collector) w3 Tr, (NPN transistor) wag
nszualwiidndrunidaaginaidnds EEmitter) uarlvadalunieda B(Base) ¥99 Try (PNP
transistor) KNuntivesuaINTIRluS g IMeIIRnfy. 990ty Try Aagduvhaush
Tinsvualililvaannda £ oo Try Tsta € dhda B os Tr, asnsmdmata £ vl Tr,
v nszualwillusnainuguniifisesdiita C ves Tr, Ssanmsaluaainsiadnadn £ veq
Tr, I iliAnaususiminseus aaainusugi Weisdamsfintmesuniusnesnainiu
Tr; Aezgndinaesamali Tr, gndineasiuaie aunuudmanluraainUgugiidsaanssiegn
suivdlavhlmaaussiulihiulusnmaiades saeauilunisudeuudasauuuivin
yiliAnusundeuliingdusnaiayiiogilussninsniswienitsan wnnd 30,000 Taad
Fannninszuuanssidanuussaun Usgdvsanmlunisgasuiinisgann wiidnsisives
Aossusiavgetu Aussiulnihgaftarlianas iasanniseanuuunesdyasudnlivama
Ugugifisruausevtionq uenainagliusandouluilifigeiuuds nariildluadie
aunuuwimdnidunn nszualiihiluadivnaindefedduialéiinldnssualaiily
wmeUgunilansiinasnnandiuiauiseusiinuiasougs  uarluvmsioaty
mswasundasesauuwindndanandaldnelmanusiadeulnihluvnainuguniannis
500 Taadt Sadumaannisivieatidaies usuadeuliiiaglianmsalvar Try, Tr, wae
niimesuld Wosanutimossniléddesgiuda B ves Tr nezualnaglvadiuldifiog
Bntioswiniu Selsifialaq fundmesvashlifiengmsléoueniuiy uanidienseudald
Inaruntimeswnidwiudesluvaedn-donsisliianudndusedreunuesidlu
szuugesuilauuuimsudamessnsely
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2.2.2.2 53uUnsnLUUNTIUTENDIAU(transistor ignition system)

Tussvugasadasindadlinaudameshaulaenmssuaunisinavesnszualuih
lumnmntsugiiduientuszuuaassdanouniig Wewudaslfiadeossuiadya i
(signal generator) HanusaAdoulWeBNIAIMUATIMIENITRsELinUNUTesu Tt
agluamane udludruvesnalnmugunisnsuidaaiamiuuugyania uaznalndue
Handldimiloufuszuugnssifanuudadu n1sldasasBidansedindfioanuuuand asgaels
nsyeseidaldanysaimsuninivanan lamdaundesiin uazanyvinistonvesedosdy
domnanushiidulufennindld iesminsseznalunmadaussmelnfidentauiion
aggmuuniszuuihililiasdidanseted Tunsgnsside

Ignition switch

77 Distributor cap

Armature or Reluctor
on Signal rotor

|
| lsniter [ | Spark plugs
| |

Let i

5UN 2.10 9UnT0dR197 VoIUTFUUATHTALUUNTIUTANDS

Lﬂ‘éaaﬁnﬁmﬁzym‘,’]m (signal generator) Iugﬂﬁ 2.10 Wugunsalnszdunisvineu
TifugUunsaiBiLanvseiind(Electronic triggering devices) Tagldndnnismileain
aunwiluan neluagusznevlumelsinasdayaai(signal rotor), anainlidnd(pick-up
coil) ﬁﬁuagjsauLLaJmﬁﬂm’Ji(Permanent rmagnet) lstnasinundyaiavindiemandia
SunuiluvinfunszuenguuealATeEUR A ULINANTUT B IAZADUAUDIES AT 1T 191U
etaduniswesdnsifunarderisa(crankshaft) Weimatauane(distributor shaft) By
LsinasdeyaInasvune La”uLLiaLszmﬁﬂwgﬂa%ﬁqsﬁumumiLﬂﬁauLLUaﬁsazﬁw(air gap)
seivaaaiulswesivundyaia anuktuTeuduwswlanTAsuuUasasdu
walrussauludinszuaadu (AQ) Qmwﬁ'mﬁﬁﬂﬁuiuwmm wazdsdygraludeneas
SidnnsetndifiomuguiansinavesnseuariuwnaaUguniuas fansluavesnsuatiie
asrelnihusafugs madsuwasenumiuradunssiminagldfussiulniufoty
anlswasiunundmyaalingy nsiilnawagesnvinsunainvesilulsmesivuadyaaly
vugfivauazmioniliAaussulnihvinuaravaduiuluvaain usadulnihifedesus
fanunsafiaznszdummihauvestugagasyidaignition module) léegnsdeme ndmswan
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wsslnihvsaadosidadnyg uannsnosuieieslami 2.11 uay 2.12 fuielud e
fluveslsmedimundyranedouiluogluiumia A szozrinszitsiiuvedlsnosimue
Fyaufuraainesann AU LiuTeRduLTIivEnanintuiios wsuadeuliiing
vamndadu 0 lnwesimundyaraagyusieluiFesy vilvissezvinsszninituveslines
Sundayanaiurnmnanadmalimnumuuuresduls windniiiatu

“‘?
1’&

g‘l.l‘ﬁ 2.11 Magnetic changes

unseilsnedimundnaniedouiuiegidumi b m'iLU?{auLLUaaLé’uLLiaLszmﬁﬂﬁﬁ;mﬁ
avanniian usiedeulwihIuistuminiian 91ndus 8 Tusumis C mawdsuulandy
Lsaugindnazanasdwalinisiiausuadoulniitanaclusisaunseisldidasundas
wsapdeuluiadadu o (eszezvsanandunsawiindnaziiiniu) wazilefuveslsines
m‘mumazummwumulﬂmﬂﬁummm o Lﬂ(ﬂmiL‘UaSuLL‘UaﬁLaULLiQLLmMaﬂ uwsupdeuliids
meuaumvmmmaqamwmmm D (ileszovsiaiindudunssusingnazanas) uray
Aatulufiemanduiu

Magnetic flux

EM

Digital voltage

Ton/off

5UN 2.12 uansnisiindeyeyadlnialu
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Crankshaft Idle air

Ignition switch e
8 : position sensor Speed control valve
' Sensor kel injector

A

Armature or Reluctor pjqy up coil
or‘ Slgnal rotor '

Signal
receiver

Memary unit

TP W > ECU Spark plugs

JUN 2.13 uanen1synseidnuadaseseudity ECU
n159i197u Wetp3essudingulsimesimuadya aduaiudefazmyulunig uss
wndeulnnIzwaasuIgniviisnihvuluseaniilindyain. dyanailasgnddudduga

A

ﬁ]ﬂﬁuL‘U(ﬂ(lgnlter) mmﬂuﬂmmm%maimaw%’u i 3l WmﬂﬂfﬂamﬂLLUa\‘iLLﬁ’J’ﬂ’mG]’JLLUa\‘]

[

deygynad (Signal Converter) maf\]’msqmml,umaiyfg']m Luauﬂﬂiaqa@mwm on/off
N ugamesmMasgnyiiUanseUsdsweulvinsenalvi s uunainysugivasdnnis
Ivavesnszuadazthlugnismisahilniussiugslunaiemiogd ausnsiméne T
Tnssadwesszuugnszdnssmindidinnsednduazninaln Aoluganisyaseilaviesendy
"Igniter” Mgﬂﬁ 2.10 LLamﬂizUUﬁ;mzLﬁm5L§ﬂwiaﬁﬂﬁ§'umﬂ5] %Q%BLLWMﬁﬂﬁlﬂﬂﬁﬁ;ﬂizLﬁﬂ
(Breaker points mechanism) é"asﬁqmgmzl,ﬁmwhﬁ?u wazzsudyunIna(Digital Signal)
MnedearuindnyayiniPickups Coil, Hall-effect, Photo sensitive etc...) isidufndoves
J¥UU 100% faasnaneniuszuugaseidnuuudais(Conventional Ignition System)  siayn
dewalulagenaiamimnniy lulastnswawed (Micro-processon tadoriuintu n1s
vhavesszuuineg Tusasudnuluisszuvgassidataunsadanisidnelundenioaiiin
Funiud1 ECU (Electronic Control Unit) daiflugunsaidinnsefinddififiugiuniain
mauiiweingluazysenaulumegunsailo®(IC : Integrate circuit) naneym, AIAIUNIY,
lalen, nudanes uazgunsaididnnsedndedisdu simihisudoyaaniduwesnugs
$IN99) Mgﬂmaqé’mmmlw%LLazU%’Ué’zyJiyﬂzuma'm?mﬁaﬁwmﬂismawaLLasﬁmﬁﬂﬂmﬂ%’ayja
filssu uazdsldlumsmuaunisnisgaseidauedaiasus LazsEUUANY ity AUAL
msé"aahw??al,waq, s2UUUSUMNNENYIes U b aRWUSNY, S2UUIMAUTHY, N15VN9UVD
AomnsAR U SiRausEUIBALSeu, ssuumualathiudemds iludu aruanunsn
wan i fuiisinsanniusidou Y039Unsali19e widisudeoyaliuduguazsinia
aunsndanmsligunsalneg hawduifusiuldedauysaidheiandnonimvessosus sh
TiUsgansanmeIossudgean aauaniag uagszndainfiudemds Tugud 2.13
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lulasrenfiamesnislulasluswawesazAuimnarlunisyasadafiviunzanlunng
mnuFuadesoud ArmiiaTessuduaziuianatenisaveinszuanguazgnATIATy
Aunissaugesuardsdyaialulfiu(Electronic Control Unit: ECU)  &99¢#1991n
szuvgnssdaneunthifimuaudenalanisyassdnarmiuuuaginie deaindye
suilnidn gunsaidnenseualitii (Power distributor) agnszaneussiuluiivesuunne3ly
Lgmqﬂﬂiajﬁhﬂ"] aelunideaiuaudiannselind  fsudeyaia(signal receiver) azld
Fyanaiadiindnanniedestniieduaauaswladyaavadluidudyauiines ANt
é’igfgﬂmﬁ%maa%gﬂﬁﬂﬂé’ﬂﬂﬂmamﬁaLma%s‘z’iaﬁwmamwﬁﬁ(Memory)LLawﬂ'wém%'U
n13ATUIN(Arithmetic unit: ALU) nelumizennudiazifiudnuazvesiandignszida
danthdmivamnuiiaiessuduazmardemissfiunnsiaty Tudiuveanisdmiunns
Auans 93¥1115UIN au AND OR W3suiflguliindn vise anddeyalunisuszanana e
lulpspeufinmeslésuduaafssfvuntiniailunsdauazdansudawedidielildna
ndsznesaiieuiigndos ienswdamefila vnarauguniiozlFfundsotadiudg
lulasreuiumesarlionsudameilefanarfiazisugaussneiiiou viliauuuivin
gusuazieliiialwiiussiugsivnataniegiifiegauszmetauiiou luszuugasuidnd
fimundaemaluladaeiazgnesnuuililinudeieusnnisvinausenaindu ifussdy
geinepdqnsuidnazgnddluduindouldlasnsa(Coil-on-plug: COP) FalsitAnnsgade
ni1u fefuaesdyaseidadsfounanevininuayagUsssudarnsyuangy N130enLUY
33‘U‘ULﬁuﬁ%ziﬁﬂizaw%ﬂwWﬂWia;mizLﬁmaﬁqﬂ

2.2.2.3 ssuunsetiauyu CDI(Capacitor Discharge Ignition Systems: CDI)

szuunazilouuy CI dalgjes mml‘tﬂfummiawummmamuaamfﬂfnm“
ﬂvaLauaamwmaﬂUﬂsvuuamvwﬂmanmmum udszzaanaaUszngliagdundy
wuudu egslsmusruvsiafasgrldfulisnndusasuivaly daudssneuiiugiuszuuga
seianuy CDI azUsenaumeaniindaa1ad(Signal generator), YaRIUANH e 104(Timing
control circuit), GqﬂLLUaQIszLLﬁlﬂ/\lmﬂmmLsﬂLﬂ?{aulw@hLﬁuLLﬁqLﬂﬁauIWQa (Voltage
booster / DC-DC converter), #atfiuyszq(Capacitor) wazdaln3amas (Thyristor: SCR)
nsie edaaindnauagnsziiinyn Voltage booster agifinusaadoulyl DC 12 Taad
Mnuuameluusuadaulyl DC 11nds 400 Taad wardadnluifivlugufvysgy(Capacitor)
dewaiessudnyulainesimundygrusznyudaduuaatadudedygna aslddygyin
usesiulnihedaazgninlunseduslniames(Thyristor) T vilimlvdamesilnnems
Uszqlatiuseiu 200 Tad AiuliludufuuszqfasaelssgriuwnanUgunivesnesdqn
sudmhumilviamesainsndaunssiomn usaadoulrifindu 0 Wumsdmsasgugiives
nopdqnszida lmAnusaedouliussiugsgninionilusnamayiondlsssud 2.14
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Capacitor

Ignition switch
:_ 1T >.

CDI UNIT

Timing
control
Armature or Reluctor circuit

or Signal rotor

b,
:fAr ¢

UM 2.14 uanaszuunssiinszuuanseiauuy CDI

2.3 WANIBU LUUAIL) WA 1IRUINITVIRTNLY

v A =Y ! o w a & v =~ v
weudugudiudidylussuuanszilavessagud Inthnudsunssualniusesiy

a < a < (3 £ 1
geannvaaangasslnludsemelnisunsansluesoteus ausoureslsenelnasyiy
Tidunauvetomakazdaindsnegnisluiesniivdluesessudiianisssidauazimnlng

o JwilAAnuiseranlenazaianasuvenasoseusd lassasnveaiiieulagiluag

v A

Usznaulugne §fisuf 2.15

Y

TERMINAL: CONNECTS TO
IGNITION SYSTEM

STUD: TERMINAL
SCREWS TO STUD

RIBS:HELP TO SEAL

INSULATOR: HARD CERAMIC

HIGH DIELECTRIC STRENGTH SUPPRESSION RESISTOR:

REDUCES RADIO FREQUENCY
INTERFERENCE
SHELL: METAL CASE FOR

SEAL WASHER: " TIGHTENING, HEAT
(CRUSH WASHER,) y DISSIPATION, AND GROUND
CENTER WIREELECTRODE):
THREADS CARRIES SECONDARY
VOLTAGE
SIDE ELECTRODE. CARRIES , J
SECONDARY VOLTAGE ACROSS ‘f
THE GAP FROM THE CENTRAL
ELECTRODE(ANODE)

CENTRAL ELECTRODE: CARRIES
SECONDARY VOLTAGE ACROSS THE GAP
FROM THE SIDE ELECTRODE(CATHODE)

JUT 2.15 UansesAusynauvediligy
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seenuuuRIisutifugudusluuudiontuimun auuaneamdng fnuld fe lu
duresnseanuuuiiuiisunas Tagilld dudnasliTagaaznalavefiofiuUsyavnmuas
szopnanlunisldruiionundy nelilansmadaslianumumugsusdenisianseuain
Uszneuaggamgivesionwlnl lutligtuiinsznalansiignirunlduuvareiuion
(electrode tips) TAwn Yttrium, Iridium, Tungsten, Palladium, Platinum, Silver, Gold n1%
Tlanzaszgamarivaslimunsaldainnaa(center wire) iflvunidnasisaziivouiiaudn
uiazlivasuaraneuiegninniousenty madsuuasiavdsalfiAndefuissznis e
anudosnssiulfinfiegavszniedesas, nUsznisaatefuandy, naainnisiy
fovas wardlongmildnuiisnuu alihifvuindnaggaduanufeunnussmeliuay
ndsalildtiesndn daideifissegnaieavesiiiivunsenalavgmani fo fsaung
idesnnlansiild wazervagliamnsaldauldfunedndindusasudsuin Tutaqluin
Feufnanuaisguuuy TusgiudnaniiazAndunnuansalunisgdsznigliviognssida
Tuuulurrzantuedsssuidnuvasln ddlutiagtussisuuuuiuilouiifenldtusd

2.3.1 fieuuuuiinia (Copper/Nickel Spark Plugs)

TuunendaneSoni "1105§IU" 138 "UNG" Fafloulsznnisadaudareiiieu
(Center Electrode) felansnanadniia (Nickel alloy) auia 2.5 ual dadudaliiiislvuns
durugudnasilvgfigeluiiieunnusaan (Fusugudnansdvunadnaussiuliing
FodldifieFuiunisgnuszniatioondn) asfianizunu (Center wire) nneluiiduiidy
nosundtiosnianosunadulangseunazarsliifeuaviuiivinegnisldniuiougs
WulRgafuuinasuuenve s Iisufinemy wazavginieudiulugldunudiviian
neaunadesaniimmannsalumailiinlsiduesnsd TanswaniniAadanuudsosnin
s (Platinum) we 33w (rdium) Mduiivaedalaiihduudliuiiasdnnsoldiss
nidnaeauy egslsinmu Fadisudnfadinadunadeniddmiunsldinuuisedis s
FeuUssaniunzdazldtuiniaseusinng fasrsmseiuluihdiieugn 80) feszuuga
seidaiiflanuday widnhluldduinieseudlniqiildszuugnssiiauuuliaiudng
(Distributor-less ignition systems: DIS) w‘%aiz‘uuqmmﬁmLL‘U‘UﬂEJEJﬁGIN (Coil-on-plug:
COP) ﬁdwal%lmagq FudlouuszinniasAnusaiann onfu 1e3essud (late-model
engine) AnssnurgIUsTUTilaTUNMTeRnULUUNTIRIEd M UTTisulinfa esanneung
THussuszmeiiafigannelianizassiudaiiifinanmeslumsaiaes (turbochargers) 3o
8nI1dIUINGINTT ANANUINII8Y0T08UAUTEANTAINGS (high-performing late-model
vehicles) panuuuiaassuslildiuiivunaunydnfadugunsaiy Tunsdivdeudn
Aafoduiiitouussansangs mindflovenaiessudiuszylildiiieuinga fu
Wasuduiifsuunaiitiviedufioudtifey
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Nickel Ground

{' - @ 25 mm Nickel Centre Electrode

o

JUN 2.16 Mg uLUUNIAy/dniia

2.3.2 WaigUUURNAANY (Platinum Spark Plugs)

Fufisuunafituasiisuanvallaevhluldsnsaniifsuiinfaudfivareiileu
(Center Electrode) aztfiounaindousielansnanunadity (Platinum Alloy) wazflvuin
Uaneshifisuildnasninfuitoutinifadsyana 1.1 mm unadithidulansifiganasuivad
4999 1770 c g9n31 Nickel Alloy ﬁquﬁm 1400 ¢ usazs1n3a Iridium Alloy ﬁﬁﬁm
MaUIMAIENET 2440 ¢ TIzazii shfisuuwaidudedauudannndaduinfa v
Idnusesnnuasilorgnisldemiiuiunit sufleudssani@uiifleuiiafiandmsusnoud
Julnd 9 ﬁﬁﬁwuﬁ;mimﬁmwuvﬁmuéw (distributor-based ignition systems: DIS) %10
aiemsldauszyiiiivuunadity egwivansuiduiifiounssuasiioussndaiu eglsd
AUAMATINTgNNIATIETIA LA

Nickel Ground Hectrode
@ 1.1 mm Platinum Centre Electrode

JUN 2.17 Muilguluuwna iy

2.3.3 WaisuwuudIney (ridium Spark Plugs)

Swsudulangmindduenfianuudaunsuazanununiuinnualszdie 394
Dulangnandavunzdwiuigunsalfideanisanuudusiwasnudonisiansoulud
DN Safuiinrumuniuinnnimesiimananuiiawvedavgsing AR
Weuldindsidenanldifiofinanununulifudatediiiou (center electrode) uaz
annsnanwuialanevifieulfvdoiios 0.4 mm mneaziuifeudiifeuddengnsly
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sugnuUNIFITguunadtl Ussana 25 Weddud wagfevunauaeiufisuiidniies
0.4 mm azda8gaUsznigliliinelasordousefulaiiiisn wazdeanansauddgm
Usngmsnifiendt "1Weafu (Quenching Effect)’ vaswaiiuldiuesned fudnsooud
naeefadldiusussiAsunIe i isuia iridium / platinum dusussuuynseiin
ABBARSY (COP) mingilonsldussyufisudiifenedruivanjudumiiisunasfivng
viaudlamLisuvaund nszdnaglidlinadnsnisyhauwieiuiiieudsieiey

Nickel Ground
@ 0.4 mm Iridium Centre Electrode

A

>

UM 2.18 yLiig Ul uUdshey

2.3.4 UNATUIIMUINITVBMIALY

Y a " I~ o‘: < A ) Y] P '3 a

ilew' [Wugunsaliuwdng Tuszuuansidn@evinaiuaiuaiulas o Uil UL
WIUNAMITTY wavhazasunumtugusiilugunsald v iigniuniavenniosoudiuudu
LUBnuIL 5N IATRIUASIABIN1INTIRTETn luTeRRlnIInUNaTnTNT9INUY DS
\ASeeEUd FTWuIN15Uee "Mililen! SudngunsmisnenInanguenlzg liAseLANm193n

f a o oA A | & v a

gALLINe wiANUUAsULUasBIsuMduduUsenauneluty ledn1silasuniasay
Waunluaruaunniiveanalulagerueudndeinsauauiananizazainiy
TogusrasAareInisldau drglvaseseudivinaulaussansninigadu 1ddeindeedns
Usendaundadu Huntangnisldnuvesiifiguiignuiulazannisslunisauainuives
Aldsalagnnanils gudaldimungluuuresiiiieuwagianiuiuildlunisninnasnaunis
AnAuNIIsNITiNYsEANSanluntsyassiiavasiigulasiivuinisluiawl Ao A3
ONLUULNUNAN (center electrode) vasinisulvivuIAldnatioanNuNduIdINalA
ANLtNYatauINlningswu wWeosnnnszualnaglutudiniudusgdiularswnuvesin
a d'du @ 1 a o d' d' ] v a a
Weundanvazianuazuvauniung feiuandusun 2.19 Hrglilszaninmmsandsenie
aX Y oA Za PR | ~ ' ) |
Avu widadenfeingunsanidnuazuvayldannsafagnusenisiansouransewall fin
wazgnuuilluiesnindilaivimarsduiliunuwvesiuiieudnnseulaliniuuudndun 39
sosfnAumlangyiaviuildnaunulaeilgviunuwuusssunt Tuiigaainnismeasan
AUNUTT BLsihey daaautinnuniusenisinniouvesnseualnlafuing visunuaglid
nmsdnuseduiinnnnsusenmelivisesnmgiiliae Wunaliergnisldauvesiuiieueyn
60,000 Alatuns wagviviguydafiAvuiaguazsiiongn1sidauis 100,000 Alawns Weliigy
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a

wnegnsldnuvesiiisusgiusyann 1,000 Alawnsivitdy 21 Gauss’s law

UEALSALS
gnldeSunetiiufisundvunlvgasiausenelnlaeinninlefieuiu tawiiisuniivun
lEnwazLaNnI
¢EXdA = Qenc (2'1)
s €9
loed E Ao Aawuliiiifintusewing 2 1aaiien
(2.2)

Jaguaunslny
_ (At

€A

E

1987 A A NUNMNFARURItITIIeY, NavesauullfnssnIst i uardINayinlinIy
4 U d' o Y o a a o d‘ y d' a 1
foanskssnuiaylmnisuianisiinseualdsuwdasld au Faraday’s law #iedurgin

JExdI=Ed=-V (2.3)
C

Taedl E. Ao mawulaiiingd , d Ao szevdesingosimiiiou
= a < 1 v a’; a ~ 7 | [y} & & (%
e A flvwiadnasdanali £ getu aganunsoaiuiegun 2.19 A siuiusnaiiiluds

ammsﬁ 2.4 [2]

V72 < Vi (2.4)



<— Center electrode —

Modern Spark Plug Conventional Spark Plug

;J‘lJ‘ﬁ 2.19 uansauli(Electric field) ialwihaes Conventional Spark Plug
ee Modern Spark Plug

21
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2.4 1933 EdlauvasTEUURATEIUALAL I IE

2.4.1 79251dlpULUUTIADITzUURATE UALATR U uNa L UEY

Battery —

IL
o/ o
Breaker

= -

SUN 2.20 LER9I9SLELaUTDISTUUINSLLUN

v 9

lurnasiatiouvesssuvnssilnmtessusuialedugnitasdlaeteasis] deiuandluy
gﬂ‘ﬁ 2.20 unasniialkssnu (Voltage source: Vo) %gmmuﬁamwmmﬁ (Battery), ﬂaaéf\m
524U (Ignition coil) axgnAInunAlI8fnieddl (Lyly) wasdidaa1uniu (RyR,) #
WisuailoufiuanusnunuvesunainUgugiiasunaianieni (Li,L,) lupeudynseidn, i
I3 . A A a i ° ! Y
\iuUseq (Capacitor: Q) #389L38n11ABULAULYDT (Condenser) 9A0UUIUDENY
diannselindaind waziiwadiou (Spark plug) Yintidulnanyesszuy 31nNITIHATIER
KVL 249saugavessyuvanseiinitniaue luguiisiing s atnsaesunglalagaunis (2.5)

v= L3 sRiom3z 4y
dt dt

s 1

o X (2.5)
1 . 1
V,= Ml Ript L, 2

dloaindUn(t=0) AuiuuszgazUszngAduluisestn nssuaddlvanuunan primary a9
37190 anwazmMUiguwlaweanseualurnainugugii(primary winding) auaunis (2.6)

|p(t) = %[1 - exp{%.t}J (26)

1 1

lusgninafinseualvar1uvaainugugii(primary winding) L1519vauyAi1unainnfeni
(secondary winding) 1U3sutaiiowisaside (, = 0) nsldsunvasnszualuaaaia primary
aaussnuduluvaaanRegil esuremeaunisi 2.7
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V, = —k\/l\/t:i[exp {%t}J ; (0<k<1) 2.7)

dleaindila szdwaliniseuivasauwuwimandaiuunaingaszla vlidnnsuala
WuvaaInUguailludaiuiuusza@aidiaiion short circuit asunsnasunEaLNINTE LA
ezl saulanNaunIT 2.8

1) = Imaxe-ﬁmot (cosw,t+ S sinw,t)
d
(2.8)
i gt oy
V() =L, gt =Lyl ° w—dosmcodt

A w,= 0y\/1-€2, w,= 1/3/LC, Ew,=R / 2L

nanMsAsLLUateEsdunduarmieiiliiAaussiuiiunain Ugugll varedes
Thad uazdwalimAnnsinnisiudsuwlasssduluseiunateniiulafuuanain secondary
MUBATIHIUTIUINTBUYRARINYRENIAUUTUNT LLﬁqmﬁlaulw%qqﬁsmam secondary il
AnanmefiasiliiAnnisnistinsysariuteinwesiisuininduuszaelndis iy
Useniglaifiswiuasiissosaaidimils fannsluszesnand nilavinnszuauniswalngd
Fomdniioadreidsddudssuviuinasu nszuaauasa (spark current) lunasiliin
spark discharge @1113005U1892Y

Is(t) ) IS(max)_ [Is(max)+ \gum JXL:L - eXp {-RTlxt}J (29)
2 “X

oot 1= k[N,/N, |1, = k[1/a]1, = k| L, |1,

N13ANMUA spark current Wag spark duration time ﬁ]zsﬁuﬁ’wmmmmmﬁm (ignition coil )

FrunUssansnmussufifondinulunsaunia (spark energy)  lonszuaiilvaiiu

Ypanlgugll gndinuarauuldlmangudiuiviulandsiuandusaanprimary azgn

dnelouludanuunaia secondary mnUszAnsamlumsdaiiuauysal 100% aglain
E,=E,

2

(2.10)
E
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2.4.2 2995t URUUINARINTEU

Rq = Resistance of the open plasma gap

Vs Re = Charging resistance

i A R = Load resistance or Discharge resistance
C = Self capacity of the spark plug
Re Vs = Secondary voltage

SW = Spark gap switch

—— O Ry

R ALE

5UN 2.21 uannsialieuiiiey

LLmﬁﬂ‘LumﬁwaamqmLaﬁausuamhﬁauiuguﬁ 2.21 amﬁ%mé’ugaﬁﬂsmgmq
ARl (Secondary voltage: Vs) azgniiluldlunistnalnduiudsinuniu(Charging
resistance: R.) ﬁL%E)ﬂJGiaﬁ}uLLUanﬂiu Turaisfiainddanadn Ve azysdRLAuUIEY(Self-
capacity of the spark plug: C) auﬂ'ﬁzﬁaLLiqéﬁ’uﬁ'mﬂﬂéamﬁ’;Lﬁuﬂismﬁuﬂ’jm%m FULUTA
ANTALEH(Threshold breakdown voltage) muaun1sfl 2.10 adndazUnasuazaouseq
TR ulnanfuanadusadnuniulload resistance or Discharge resistance: R.) 115U
andraUszngluiiintuasenssuaiinasnsa(Discharge current) Mudosinefiouas
feaniinszualuneuy3aCharging current) iiasnndnseualniindaissvdenseualii
$lnalleakage current) MutsTIwesisureuTlavfinnsinszuasnase fufudems
FIUAMNATUNIUVDITOITNVDININIUNTDTDIINIWa@N(Resistance of the open plasma
gap: Ry) Hlesnniinslnanuuesnseuasilal2]

1,.
Vgap: VC = Ej.lsecoundary dt (2.11)
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o/ a

2.4.3 dyaraunidwiinddgvasszuugased

v 9

2.4.3.1 &ygaunisyasaidedildainszuugasaia

JUN 2.22 uamadyarounldniuaun1sanseidn

Y

‘Lugﬂﬁ 2.22 Fynuaaszidnanurasiilindyainiazaiuaunis Ua/ia ved
Power Driver tilelnsedyhmiinfiensefunssiuain 12 Taad Tfie1 30000 ~ 40000 Taavi
ilagnusymeadisulviAavuiunsenivianglueiessus TngUndwdossudmniaiosasd
nsanssafougunIEUL (TDO) mstzdthiudemasiosnsnantumawilnd dedumn
Tqaseidniidumbsgudmeuy ndnesessusaznindiasaauysal gnguaziadouiiasnyh
THussspiindenas Sadossunsynsuladunougudnieuy was Wolasassusdiiennansy
souniu sududesdimanszidnnouguimenuinniu fasuil 2.23 ddunisesnuuy
\Seseusagsodlivumisnsgasuln Wasuwaslunumnuiisouvesasesud mumis

msgnszdnsazingenundussmvesuesnatdeinies

¥
=

UM 2.23 uansdyaaniugun1sansuilniloseuinIeeudiay
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nEunufeuiiinnnnssuiuniswdemaslunszuenguazgrildsuluidy
ndsunalnseuduiiinannissnlng Ussansamvnmnudoureademdsargeaniilo
arwfugaaandndugnaulusunsfvngay iesannisuwnlvsidomnasassiodldinanly
maulviel ausuit 2.24 TudamedaCompression stroke) ¥esgnguaziadeuiianaudnie

(% LS

a"m(BDC ) I agudneun(TDC) vagngnauindeunvuazdnlefliiiaudiuiiuiy Wegnay

¥
d =

AaouATun aummamauu(TDC) | awuq PANYUDY amﬂvnwlﬂmmumumlm

Hounds iiAeqad 1 vuidulds Weisged 2 WadlwiBuusinszaneeanly vhlmdulfeei

9 9
<

AUGULDENTINTINAZITTUG A LUAT 3 MINTUEULAIZaNaW0E1959AL5) N512N13

=

wnlndiemdariotasuazauanas o 09 4

JUN 2.24 uanadulAsanuruduiusiumiunisnantewiseunisseunuialedulu
Ml

INNSANWIYUALNIFINENNUIATTINS s uiifngade Muntsiiainusunelu
nsrusnguIuganiiegnguegiidiunuandsquiniouulu(ATDO) 10 e Felfudes
SmuanaTiiAnusenieluiididisu(enition timing) ﬁﬁ’WLLMﬂQGUENQﬂQUﬁ@uﬁﬂ@ué@’]ﬂ‘uu
nsisuanalunsnssiinveiinalasnssiomdauarUssansammsianuvesniossus
fqaiRnuszmelmAnneudfidivue axviilviausugsgaiintou 10 sam ndsgudmeuu
Tun1sgnssidalasusniity sxdviadunisulvdAeanduiousindudiuiluaui
USmmsnszuengu uilusisfiAnniswn vty anuduezgumnilunssuanguargeu
Tugasnanidmmiriuduliasnsonudegamyiivareuduilifiugeduld Tothifudufay
Anmsgnssdatuesnouiiallwiiuiosninaniniieursiiumannis (eaietulduas
i) yiliAavthaaunsenmivarsnihaduiadiignedu Aaenmsiisenin "lea’
smmuﬁ]vaiwmmLaamamaaﬂauLLavmmau udthgausznglatiuiullenaduggaes
Annda 10 09 ndsAudaeuy dagnauaziadeudiase amnudulunszuenguazsassinls
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fdmeunedossudanas uardudoutomds dfuandlusuil 2.25 lunisiwdsuudas
SnsSmonndostimanvesissasyudupisduaniinafldulndad fiuans
Tuguil 2.26  astfuasdeatsdulmAnysenelideugadunsn welieuduguanionds
AUgAEUY 10 09A7

UM 2.25 ulasmnuduainnsaanisanseilaneulagviaaiivug

JUN 2.26 duldsnsinindidlodnsiiivenaiaeusiuaeuula
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a

2.4.3.2 dygradlvidirvespedeynsziinfuugugiiuazyaegi

JUN 2.27 uansdayaailniilunsedqszidn

Tusuil 2.27 Wunsuanawanisieneidannaliiivingluassdgaluseming
mamienhlwihusadugslagnsldlusingu Pspice sanuuumsvhieu - msasadsznelyl
Aoy izwam33LﬁmzmUﬂmmﬁjmaaﬁ"im%w‘iaL%'amﬁammamﬂgugﬁ%amaaém
sudafunsndidussesnaidimils usetuanaseuaindgnsinlidu 0 Taad 1esan
nszualwihlyaruvamaUgugiuazaseony iistuaunseiiinnauiidsgnirtademi
Frumuresaainlsuad luseuindsnuazgnazaunislusaaindgugiogiasind i
nansluzuil 2,28 siosnidleszuugasuiinilnainduas TadulsinszuanmaruanainUzund
Jugudiiavagiiui madsuudanszuaegssani dinliiussiunnasouaindgads
vane¥eliar sudunamnainnisiniadifiies(Self-induction) vesunalaugugll aud
nandlugud 2.29 Tuvazigidunssiulwihdsnanasgnasvioulusananioniivesnesd

nszidalasdlAussiulninvuiudadindiuiuseuvesvnaianiendnevaainugugl
MUFUN 2.30

5UN 2.28 wananszudaliihluvaainlsugiivesraudyssiin
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a 1

it Welinsaeaiieudilvilulvanvesssuvgnsadn  Iihussiugaiiusingnig

a

YAAIANALNI[10] ALy INS I UNATANYNAAYITINIUYRIINIVD AT UL DTIAILTIAUYA
seidn fMagui 2.31 wasugessidnazludadiudunszualniivsuaaindgugfi(Primary
current) uazAnAMIBIRUWRENveUaaIngnsziln Jedsdazilumivuauszneli

(Spark current) kag¥39gnUsENIENSL(Spark combustion duration) UadLATBsEUA

JUN 2.30 uanausssiuiigniviienivmiunainnie)ivevesnaenayssiln



<— IGNITION CYCLE INTERVAL —>

<« DWELL — s

1
1
1
1 ]
: :
INTERMEDIATE ! SECHEN E
- =
SPARK| S SECTION !
- =
E%’SE | | MEASURED | i
! =" DWELL | E
1
: coiL | : DV“C’)E'-'-
SPARK OSCILLATIONS | [\ : F:HEID :
1 1
LINE } v J, l | VARIATION ' TYPES) l
: i DRIVER ! i
1 1
BATTERY zzc]fmen} L VOLTAGE | ______ :
1 —_— _1_ W 1
GROUND ; | ! ;
| ! % Ao :
'
— L —
:
1
:
i coi.
! IGNITION ENERGY
: AREA
1
BATTERY
VOLTAGE :
= ’
GROUND ‘

'
a A =

JUN 2.31 uanadauayraunenainUggiisieiinisgn

Yszmeinieu

30



uni 3

N13INAADILLASNANTINAADN

3.1 NIPDNLUUTTUUINAINTTNTZL TNV LATRBUALTAE wEY

Aeluluudnaesnisynssidnvaunsessunuialedualuisaesuielaniy
vienlaezunsumsitnulugudl 3.2 Burnnisiiseserawidadadliusimesas dygyio
sninesiiteddlunseaulvnuisasmivaudayaiagnssidnaisuiinisaiadygiuiad lned
a6 L4 [ A A al v [ (9 & Ao &
Aduesalumsollenldlunsdoudoyauasivuaguuuureasdyial M0 9 ASINTIN1IAAT

A o o i A a cdgyo v a & v = v i 1%
vsomunuasUnuuvosdyaalniasladndnldd mivsidnteya Fetayanitdeudnluas
LAPINANTENIINIENTD LCD 9ntiuludiuvadqa angnadieonu1aininsniunudyyin

nsuilnvzgnduluitnauanseiln

JUN 3.1 uanauuuiaaen1sanseilnueAsoseuduialyay

Ay IUNINNDIAN
193950z aAW AN AR LI USIADS

5000

<=

3
Li]

U

i

o a

NITIAVUANFYEYUINTELURA

e >]

4—‘ AU dayaos

v

o

WATVUF U8

[Ag7}

v

AREAYATELUN

ﬁ

v

LCD L@nanga

ORI

< ° a 44' s o a
3.2 ‘Ua@ﬂlﬂagLLﬂiﬂJ“U@\‘iig‘U‘Uﬁna@ﬂﬂqiﬂ@IﬁgL‘UfWU@QLﬂﬁ@QUUWLLﬂaI‘UaU
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3.1.1 N1999NKUUNRTAT G IURAsLTn

9

nsasedyaanseidn Arduino Mega 2560 avaﬂﬂmﬂ%ﬁmﬁwﬁL*f]mwsmmm
deyyruaasuiin 1ne129952995 Astable Multivibrator 1Ju WATET A8l Square wave
ﬁmmsamwumm’malmmummmaqms ﬂ?&JﬂWl’JLﬂ‘UUi“”\] C LagAIAMNNATUNIY R ’msu
Y aﬂimﬂmmaﬂmmﬂammﬂmLwa{]auammﬂmiwﬂu Arduino Mega mm‘d‘m 3.3 \dle
Arduino Mega imuawmm Square wave ﬁ]‘“Vl’lﬂ’]iﬁniﬂ‘uaum'ﬁuu“uaﬂammWm%um“mlﬂ
Pulse width muitla@aneae key pad W ouLERINANTSHIAINI LCD mmgﬂw 3.4 91Nt

dynungnseiinizgnaialudnems Gate drive iedunsedynsziln

5 Ve

D4
1N4148

J_ GND1

5UN 3.3 Uanin13eenkuueasIsasezawila (Astable Multivibrator)

5UN 3.4 uanin1seenkuulRsaidyauansein
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3.1.2 M130RNULUUINRTTURRREYATELTn

nsannasynduneedynsziinavsenaume IC 6N136 uay Power MOSFET lu
nsas1sdyrauaril 6N136 vintniiduieas Gate Drive Tdd1uSuduinnaes Power
MOSFET #ivimthililusa switching 9zldneasmuguit 3.5

12 Ve

'|| |F LOAD

Cl
0.1u

Q3
IRF840

Q1
TIP32)

1k R4
10k

GND5 GND1 GND7

al' 5} ¢ a
g‘lJ‘VI 3.5 LLﬁmﬂﬁiaaﬂLLUU’NQWU?N@E@@@%LU@

3.1.3 NM31aaNAREEYATELUN

roanynszilinildlunisneaeuaziiunauagnszidnuuunse (Single-spark ignition coils) &
U d’l

n1sldnuvesvatreydviinlazgninnlasnseniiiouluidarnszuangu Yaadnmand
FousefiuraainUgugdngs 15 (unasingluseduuin) uasynnivqudiannseiindiiussy

o

o

agneluiivn 1 (ground) UnaInyFAgliiveusenumIie Ui deuLeIu1een v 4 1ilv)
4b mMaeudetiarldiiansivdeunissilua nsvsninesaziindunudmduiignitnualag

15 15
/4 ¥
4b 4fa 1 4b -’a}a 1

YnruAudiannsaling

Ny
15
[ e e 15
] T
; 1 > 4b 4fa 1
| 1 om

4b 4la

- - | Rﬁ f T ?_ ) 1 Ignition control unit
_I‘_ i i 2 Spark Plug

gﬂﬁ 3.6 Single-spark ignition coils (1. Low-voltage connection, 2. Secondary winding,

3. High-voltage connection, 4. Spark plug, 5. Primary winding, 6 Iron core)
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3.1.4 nsaavaanifigunlfidudunuu

a = = % v aa a o a v
M1919N 3.1 LL?W’Nﬂ']iLUiEJ‘UW]EJU‘U@@;I]a?J@\‘]V'JLV]EJu@iL@IEJﬂJLLaS‘VVJW]EJUUﬂLﬂa

Spark plug Center electrode Center Melting Strength
diameter electrode point (F) (Kpsi)
Iridium 0.4 mm Iridium alloy 4449.2 159
Nickle 2.5 mm Nickle alloy 2647.4 96.5

o o w | & o a | Ao X o § v
Wﬂiﬂaqﬂﬁyfﬂaﬂﬂql,ﬂﬂu 3 ﬂ'ﬁaiqﬂﬂ'ﬁﬂq@iglfU@l Iﬂﬂﬂ?Lﬂﬂu%@Tu%%ﬂqiﬁﬂqsﬂﬂ

'
v ) o

a a é{ ! a 4 o o ¢ Ao 1
sedafunnTuninfy wiagendunasinainyaaed aniinsielnihundeiiiouadinane

Wiunng Famign13aseide widsitvinlviieuaiuisagassidadieindalunguuss
wnnIndufmaansialnfiailaainaedasgiesianda Fslaun Yaredaiaiieu (Center
Electrode) anwauzdAgvinliialigugaseidnd kagnumu diudnnyigaluwivis Al
Wulaedaiufiow veumluferaliisunaun vareawsendt MWEUsIINaT AN
wan disunniudiuluglivesunadudaiinihlunisgasudausdagdusmenisfinAunes
AndnvLisy wanwldIsnsedeunsevihtviisulnl aesinlaneiieuanunsaluns
MUMUNANTT 19U Iridium %58 Platinum &g swmarlinadeaignisidalyainununiu
w1 ibrldeuldenuiuinnngt aslwidigunlasuniseeniuusasiuuduanintds
= S o A o i @A A S o oA = < o § val
11 Yanedaiuiieusuinidnunn wivssiauniiaudeUaetaviaiieuiivuisanas agvinlid
AnuuauNllihnYate o uge UL kazilaiguiuii gtk uUsIsua e lana dng
Aanuandlugun 3.7 Faainwadnsaendiazdinadenisuantoennidliiitedials ey Tu
= A Y o aa a . L) g 3 @ o a v
msnegeuIadentd MileudTieu(idium) uazlniia (Nickle) Lluiniisuduuuulunis

NAEDU AUAISIUSUBUA LA

- ‘.g'“-:'.;. TR .:.r‘—-.j

Normal spark piug(*2)

Weak e Strangth of electiic fipld s Strong

JUN 3.7 uansnisddeniaiieuildduduiuy
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3.2 MSNARBILATHANITNABDIANIATIUNTALAUNAIUVIARHEATELUA

dwell time luszuugnsziln nuneds izammﬁﬁﬂﬁzLLaiwashusuma'mﬂgmqﬁLLaz
wilerthaunuusininiuluraain Tneniseuaunistailla switching device N5nAADY
Minimum Dwell Time waz Dwell Time linuizay ggnin1sindyralnilagly
seadalaalay (oscilloscope) dugafiinldvzdosiunisannaunoufivsidiaiosinds
annsaiilalasnisrensasutussdiu qauszasdreInIsvaaesil Ae nsugaiEudunis
yhauvesifieudiifienuasiufisuinianiglussuunszdndiontu nieuima dwell
time ﬁLﬂuqmmiﬁwmﬁmmzamﬁ’uﬁuﬁauﬁg&aawﬁm Tagazudsnisvaastoandy 3.2.1
uay 3.2.2 udiudssiod

3.2.1 Wan1veaasAIIaNteeigalunsasaundlnuveasaedegassilafaialiisuyiln
/14 ¢ (Minimum Dwell Time)

Tumsvaaeuagiinun Dwell time fausl 100 us, 150 us, 200 Us,.....,1000 us Lito
wansusuivhlmanusenelldegeaiior Aisvegriaseninsdosinaiadfiou air cap)
0.9 mm uaz 1.1 mm wazvnstufinduanadesedalaalaulneddudifemandyyio
NnAedyasuidaduniogd uasidudmaosuansdayyin Dwell time A1eineg gadiviiioy
SuiinUszneaziodngnaiuaNdae  Minimum Dwell Time 9zatunsadainalaainnisg
U31ng) Spark duration time Ksfiuanslunisestam Faasdliduiviniouisaosind
EIFuMsTh ity
AN51971 3.2 LARINANINAABY Minimum Dwell Time voawiiioudsifex

WveudIAsu(ridium Spark plug)

SYere9INeWeY 1.1 mm SYYLTRINBIWIBY 0.9 mm

3457 Wed Nov 21 1505 18 2018




36

Wireudshsu(ridium Spark plug) ¢

1 ! L% a
FLHULVDINNUNGU 1.1 mm

1 ! 0% =
FLHLVDINNWNEY 0.9 mm

Wod Now 71 1511 532018

Clear Maar

Clesr Maas

BW Limit

Claar Maaz

BW Limit

13457 Wed N 21 1647432018
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Wireudshsu(ridium Spark plug) ¢

1 ! L% a
FLHULVDINNUNGU 1.1 mm

1 ! 0% =
FLHLVDINNWNEY 0.9 mm

Clear Meas
-

SRl
(1)

Agilent

Asquiian
0

Default/Erasa
-

Default/Erase
-

1.5,
Agilent

Hoquion
[

Measurarment
dthi1)

Agilent

Asguiiion
[

Agilent

Asguiiion
[

Agilent

Beauisiion
[
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Wideudshsu(ridium Spark plug) ¢

1 ! L% a
FLHULVDINNUNGU 1.1 mm

1 ! 0% =
FLHLVDINNWNEY 0.9 mm

53X 20024, M0 157 Wed Now 21 15.43.07 2018

Dedault/Erase
-

T 20028, MY

focd Now 21 170749 2018

Default/Erasa
~-

Default/Erace
-

Agilent

Agilent
Aoquion

Measuraments
thi 1}

Mazsuraments
fthi 1),

Agilent

Koqusion
o
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Wireudshsu(ridium Spark plug) ¢

1 ! L% a
FLHULVDINNUNGU 1.1 mm

1 ! 0% =
FLHLVDINNWNEY 0.9 mm

Dedault/Erase
-

Agilent

Jord Mow 21 17165 16 2018

125
Agilent
Aoquiation

Learn About
30-day Tria

A13197 3.3 LEnIRanIsNAaEeu Minimum Dwell Time vosiiguiiniia

Mmgutinida (Nickle Spark plug)

1 ! Y a
FLYLUVRDINMUNYY 1.1 mm

1 ! £Y a
FLYLVRIINAWNYY 0.9 mm

Tug Hew 27 16:00:33 2016

BW Limit

8 Now 27 16529162018
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Widiwutniia (Nickle Spark plug) #

1 ! L% a
FLHULVDINNUNGU 1.1 mm

1 ! 0% =
FLHLVDINNWNEY 0.9 mm

BW Limit

Tue New 27 16

Claar Maa:

Claar Maas
-

Claar Maas
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Widiwutniia (Nickle Spark plug) #

1 ! L% a
FLHULVDINNUNGU 1.1 mm

1 ! 0% =
FLHLVDINNWNEY 0.9 mm

H2013457 Tve New 27 1606:35 2018

Clear Meas
-

SRl

275420

Agilent

Hoguiiion
[

Measurarment
dthi1)

PL-PK(2)

Claar Maaz
-

Agilent

Hoquion
[
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Widiwutniia (Nickle Spark plug) #

1 ! L% a
FLHULVDINNUNGU 1.1 mm

1 ! 0% =
FLHLVDINNWNEY 0.9 mm

20157 Toe New 27 16 1548 2018

Clear Meas
-

Agilent

Koo

1013457 ToeNow 27 16:44.08 2018

Claar Maa:
~-

PE-PHIZ)

Tlaar Maas
-

Agilent

Hoquion
[

Measurarment
dthi 1)

4

A
Agilent

Asguiiion
[

Agilent

Beauisiion
[
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Widiwutniia (Nickle Spark plug) #

ou 27 162013 2018

1 ! v a 1 ! tY )
FLHULVDINNUNGU 1.1 mm FLHLVDINNWNEY 0.9 mm

a A @ v
qmﬁ]ﬂileﬂLuaTWﬁ PRIV IRTEIL]

9

3.2.2 NSWANTUIAIAIUNINTNANNTANVDIE Y
LuUan9e(Dwell Time)

@

Secandary Voltage: Cylinder 1
‘ 2 Ampsf cail primery current ]
" E .. S e MiliscondsanXtivescale
. KVonYvoltage scale
4 ; amamannisinns e .. &Brkdlj.atimduiyuin,s
2
o
b
k) : 4
a ] 2 3 #
Secandary Woliage: Cylindar 1
Ko Thwpsd ol prinerycurent
. Miliseconds onXtime scale
§ M e KWonYvdltagescale
Spark durationof only14ns

5UN 3.8 uansnszualnihnlvanupesdinareyicusenelnuazUsenenusing
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. 13Vappliedand curent risetime recorded
3 e AmsonveticalYscale g
. MilisecondsonXtimescale

Dnell time?2 ;

v
0

| Y
[y

JUN 3.9 uanssyiunseualniihnlvasuneednuiu dwell time

1515047 Dwell time aglmuduiudiulnonsdeussnefiaziAnivangiifien
fasegne Tuguil 3.10 WumsianstasiiAaUssmeliveadoulusaanati 0.5 ms uag 1.4
ms AszAunsTUaNIIRaInUguAll 2 Amps tag 7 Amps muddy Ussnieliiiusingay
uanasiu anmedduutu fnsizinistanun dwell time azaauausyfunsuadilva
riurnUgugiiilefierazaumdanuisuiianisgauseme amaududivesneudnszuadiva
siuarhituiagagegeluviudl (maximum current level) Lisarnissinulagniofaiiuies
(Counter EMF) ins1zagtutinoanuuuiinnrosdlnigadudlfisuielwldssfunsvua
39gn FsgU7 3.11 waznaeedgasuidaivhunldlunaasanuiiagldssdunssuagegmile
fvun Dwell time Wiy 4 ms Fagudt 3.12 %ﬁ‘mmammdﬂsséﬁ’mizLLaf\]z"Lajqaﬂ?Twé’qmﬂ
4 ms usdhenmpreuiltesdduduieturioun resdiudusuusiianusaasiisls

o 28154800 2018

2 Agilent

5UM 3.10 uanan1snAaeumAl maximum dwell time

Tun1svaaauan dwell time Tangau vineda agaszdauagnizuiunsinusenielyl
Tuvonsnlndisnsudiignioadielfensudvinanuldiissfugean Ssdunariazgnisdiain
Qmémmdawﬁwﬁuué”s wilneitilunsuSuussaanlusasudaunsarild wavanintu
slefinsusuuianioseudniednsddsudemadadomdusavsiinfey flam speed ]
Wiy dmunamnaedluadal aUsad Aedesnsasdnuiilordavesiufioudsuly
zdanasia dwell time 13e Usznolal agrals Tasmuvdnuuidn dauuiinesesusign
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Avualiiugaseida 71 10° BTDC wagiadadunszuiunsenluliomasi 12° ATDC (ay

Jusundafeatuiissausi/saugs) wiriuld Angle during burn 22° wisldiiaindu 4
a < a 6 v 1 dy [ v o a

ms AA1M5NATEUA = 1000 rpm Tayawarlaziludidmue svezlufnussnielu

'
a

(spark duration time) A ms wagasifiagluimun dwell time Winiu B ms Awisngaudnd

Vled Dec (6 1728192018

113457 Wed Dec (617 26:182018

Agilent

JUN 3.11 uamansnadeumel dwell time 713 ms tnefivanluifioudsifey

113457: W Dec (5 17-4356 2018 (1804 2002 ‘ied Dag 06 174504 2018
24 5.00W

i Agilent

JUT 3.12 waninsnageummen dwell time 71 3 ms tnefilvaniluiaflouidina

113457 W Deo 05 17 2050 2018 (60K 20028, MHA013457 Wed Dec 06 17 2306 2018

£ 80 0ov/ 2

JUN 3.13 uansnisnagaumen dwell time 91 2.7 ms lneillnanduiiiisudsifey
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nMneaeulugun 3.11, 3.12 uag 3.13 aunsaajuleyalanioludl

dwell time = 3 ms
- Iridium spark plug - > 1.5082 ms spark duration

- normal spark plug - > 1.4660 ms spark duration

wnuIiguiaesinaglvisseznisinussnmelivindu wuluuwaiddinisuiuteya
fanNanviLAgudsReuia A lnAlAs e UL AsUTnAa 9gnUINN

dwell time = 2.7 ms

= Iridium spark plug - > 1.4607 ms spark duration

soeesoesocsosdansunansnageulag azliwaiieuiniadudiauasgiueEue
3.3 N1VNABILATHANITNAAIN TR UL IALTIRUARAEYATELUN

nMsvasesil 3.3 fqauszasdiiemliumasuulamemusaiugassidaduyie
23 (Firing voltage), A3ua 1 lun15LANUIENYE (Spark delay time) wavd3uszngla
(Spark duration time) tilefin1siUasustastiniatlunisazaundsnulunesd(charging
time 38 dwell time) %Qﬂﬁmuﬂ&”’um 500, 1000, 1500,........ 6000 us 1'7i 0.7,0.9, 1.1 air
gap Yevisulnifalazwiiaudsiney ﬁaﬁaaemﬁuamiugﬂﬁ 3.18 waz 3.19 laed
wuAndsausoldesutsnanianaaesii 3.2 Wuiesu wafniidagldngniseying
w&a1udaw of conservation of energy) Faillunglunisiidndinandn wdwulaesiuly
szuunendIunils 9 axliauiiy Wienaldiwasuazgneuinunasntianan ndanud
dowdlUluszuulaszuonids aswhondenuiidsesnin wdsnuliarursagnasedull
viognyinane ey lawFeuifisufuamuenveadonduiinis Ao ndsnufiavausgly
lgnition coil Womdud 2 fmuewintu Sldndinuduniwonieonduiie uswiud
Fosauszmeruiioy waglimdsnuduinde Ao dasszaefiusng Wondui 3 Wieulu
Snungluieaiuiuldonidudl 2 uillusssundesgausznetuiioudini azfiuinagld
PraUszmeiiuund Jauanwugd 7 3.16

SAME
LENGTH
OF ROPE

1 | FIRING
] ROPE | LNE

SAME
FIRING LENGTH
LINE OF ROPE

[ crrras

LENGTH OF ROPE REPRESENTS AMOUNT

OF ENERGY STORED IN IGNITION COIL SPARK SPARK
LINE LINE

1 2 3
JUN 3.14 wanspuduiugseninenuamessiiugnssidauasyissemelnianunsagn
wandlamenimdtasdlagnisldiden wnindesnuldansagnyaiela



47

at New 11164608 2017
§ 24V 0 103.42 200.0z; 1259
KEYSIGHT

Neow 111643032017

gﬂﬁ 3.15 uansdaya il sesrugnselnnunAenii(Firing voltage ), mua1E1lung
\WAnUsznae(Spark delay time) tazauszneln(Spark duration time) 7 1.1 mm air gab
11 500 us charging time AUA1AU

Moy 111813332017 £ Sahov 11 1d 1113017

5UT 3.16 wanadayayaussiugaseiinmunenil(Firing voltage ), A1NNA1E1lUN1SIAA

Usgne(Spark delay time) wagyaauszngln(Spark duration time) 7 1.1 mm air gap lu
2500 us charging time ANuaIAY
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3.3.1 nan13indyanuusiiunasenssiinauuguiilislvannissAevialiisuiiniia

M13199 3.4 NANITNARBIALIIFUITINATY (Firing Voltage) kavd1a:3a1n133nseLln (Spark
Burn Time Period) wasiaiisuiiniia 71 air gap = 1.1 mm

A13199 3.5 HaNITNARBIALLTISUTaNaTY (Firing Voltage) kagd3a:3a1n153nseLin (Spark
Burn Time Period) vosatisuilniia 9 air cap = 0.9 mm

Tdelay (s€0) | Vbreak V) Tspark
(sec)
5.03E-05 | 1.70E+04 | 3.40E-04
3.90E-05 | 1.44E+04 | 8.18E-04
3.33E-05 | 1.35E+04 | 1.11E-03
3.10E-05 | 1.25E+04 | 1.26E-03
2.92E-05 | 1.23E+04 | 1.40E-03
2.66E-05 | 1.21E+04 | 1.43E-03
2.30E-05 | 1.15E+04 | 1.50E-03
2.15E-05 | 1.03E+04 | 1.51E-03
2.13E-05 | 1.07E+04 | 1.50E-03
2.11E-05 | 1.01E+04 | 1.49E-03
2.13E-05 | 1.03E+04 | 1.48E-03
2.12E-05 | 1.09E+04 | 1.49E-03

0.9

) (v) -

4.30E-05

1.21E+04

5.02E-04

3.45E-05

1.08E+04

9.27E-04

3.14E-05

1.06E+04

1.19E-03

2.98E-05

8.70E+03

1.35E-03

2.83E-05

8.50E+03

1.51E-03

2.60E-05

8.10E+03

1.54E-03

2.26E-05

7.70E+03

1.58E-03

2.09E-05

7.20E+03

1.58E-03

2.10E-05

7.40E+03

1.59E-03

2.11E-05

7.40E+03

1.58E-03

2.08E-05

7.60E+03

1.59E-03

2.10E-05

7.50E+03

1.57E-03
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A1319% 3.6 HANTNARBIAILSIFUITINGTY (Firing Voltage) Wagdiatiainisynseiln (Spark
Burn Time Period) wa9Liieuiiniia 91 air gap = 0.7 mm

Ton

(ms)

Tde[ay (SEC)

Vbreak v)

Tspark
(sec)

0.5

4.04E-05

9.00E+03

5.49E-04

1.0

3.39E-05

8.60E+03

9.63E-04

1.5

3.12E-05

8.00E+03

1.22E-03

2.0

2.92E-05

7.60E+03

1.41E-03

2.5

2.79E-05

7.10E+03

1.55E-03

3.0

2.61E-05

6.90E+03

1.62E-03

3.5

2.15E-05

6.30E+03

1.64E-03

4.0

2.05E-05

6.10E+03

1.65E-03

4.5

2.07E-05

6.50E+03

1.66E-03

~
—

o 50

2.06E-05

6.30E+03

1.61E-03

I d

4

-
5.5

2.05E-05

6.30E+03

1.66E-03

6.0

2.07E-05

6.10E+03

1.59E-03

3.3.2 Han3indauusIRuAaeInssiinauAs)iilalnannsERanLie udsAey

A1 3.7 HANIINARBIALIIINRINAY (Firing Voltage) wawdiaia1nsynseln (Spark
duration Time ) Y9 ABUdIIAEN 1 air gap = 1.1 mm

4.82E-05 | 1.37E+04 | 4.79E-04
1.0 | 3.71E-05 | 1.27E+04 | 9.05E-04
1.5 | 3.27E-05 | 1.13E+04 | 1.16E-03
2.0 | 3.04E-05 | 1.11E+04 | 1.35E-03
25| 2.85E-05 | 1.07E+04 | 1.48E-03
3.0 | 2.65E-05 | 1.03E+04 | 1.53E-03
35| 2.25E-05 | 1.01E+04 | 1.52E-03
4.0 | 2.09E-05 | 9.30E+03 | 1.54E-03
45| 2.09E-05 | 9.70E+03 | 1.54E-03
50| 2.02E-05 | 9.10E+03 | 1.53E-03
55| 2.10E-05 | 9.50E+03 | 1.55E-03
6.0 | 2.05E-05 | 9.90E+03 | 1.53E-03
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A1319% 3.8 HANTNARBIALIITIUTINATY (Firing Voltage) kavd1a:3a1n139nseLln (Spark
duration Time ) Ya3agudIIAEN 9 air gap = 0.9 mm

0.9

0.5

4.17E-05

1.09E+04

5.27E-04

1.0

3.39E-05

1.00E+04

9.41E-04

1.5

3.20E-05

8.70E+03

1.20E-03

2.0

2.92E-05

8.10E+03

1.38E-03

2.5

2.80E-05

7.70E+03

1.52E-03

3.0

2.54E-05

7.40E+03

1.58E-03

e,

2.20E-05

7.00E+03

1.61E-03

4.0

2.04E-05

6.80E+03

1.61E-03

4.5

2.04E-05

6.80E+03

1.65E-03

5.0

2.04E-05

6.80E+03

1.63E-03

5.5

2.05E-05

6.70E+03

1.62E-03

6.0

2.00E-05

6.80E+03

1.67E-03

A9 3.9 HANTNABBIAMSIRURINETE (Firing Voltage) wazdasiainisynseila (Spark

duration Time ) Ya3BudIIALN 9 air gap = 0.7 mm

4.00E-05

8.40E+03

5.61E-04

1.0

3.33E-05

7.80E+03

9.74E-04

1.5

3.10E-05

7.40E+03

1.27E-03

2.0

2.90E-05

6.70E+03

1.45E-03

2.5

2.76E-05

6.10E+03

1.56E-03

3.0

2.58E-05

5.90E+03

1.64E-03
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2.15E-05

5.30E+03

1.65E-03

4.0

2.01E-05

5.30E+03

1.71E-03

4.5

2.00E-05

5.70E+03

1.69E-03

50

2.02E-05

5.10E+03

1.67E-03
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2.03E-05

5.50E+03

1.63E-03

6.0

2.01E-05

5.50E+03

1.70E-03
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IgmeudsineuLnumisulInsgIuvseiisuiinifialussuunsedainaziinisfes
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M19197 4.1 MaUSeuiisutoyaneliivesiniieussineuwas s unnsgIunaILIaT
geanlunisavaundsuvesnedeynsuidn (Dwell time = 4 ms)

Nickle Spark Plug (fully charging time)
Gap Tdelay(US) Virear(kV) Tspark(ms)
0.7 20.60 6.26 1.634
0.9 20.96 7.42 1.582
1.1 21.28 10.46 1.494
Iridium Spark Plug (fully charging time)
Gap Tdelay(US) vbreak(k\/) Tspark(mS)
0.7 20.14 5.42 1.680
0.9 20.34 6.78 1.636
1.1 20.70 9.50 1.538
A15199 4.2 A1 dwell time dwsuiafloudsifen
Gap Dwell time(ms)
0.7 3.90
0.9 3.88
1.1 3.89
average 3.89

Tumanadnsnisanadves dwell time Sxdwaliiinisiienseualuiinesdananuludieds
vdaavilineuanseiinile resistive losses 38 Ohmic heating anad AUHIATUAAS
@04 (I7R) 31zdnAIn1sgayide resistive losses azilaiulasionisivdsunyasmeansyua
UINNIAMUAIUNIU TWINTAINIINTEINLANUTOU gaumgavdamalvineeainuiumy
aqsﬁu 0.393 % ¢io °c L‘Wi?”Q“ﬁuﬁﬂﬂﬁﬂ’ﬂﬁ’j’lﬂaﬂﬁﬁﬂﬂaaﬂLLUU@J’]L‘WIEJWJLﬁBUS%LaEJiJﬁ]Sﬁ
ﬁummmaﬂaqiﬂam'ﬁammiawaqwmm ﬁ]vm‘lﬁmivLLawluamummamlmLﬁ'gmwumam
MNMIBNFIM AL ILMENSITY ﬁmmﬂmaaummmimqma 3aumimsumwmmu waedl
dwell time = 3.89 ms iauqﬂqmmLmawumummu 6,396 rpm ANNLAUNIAY 6,250
rpm (dwell time = 4 ms) Wunannnsilénszuanislunssdanasaindinszuagsand

dwell tme =4 ms

s dalAUBRUE INLWININSRAITgasnlana1lisslanadnsinlonssdynsein
ausLindendudalinga
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TUsunsudaysyrainIuANn1snseiin
/*
LiquidCrystal Library
The circuit:
* LCD RS pin to digital pin 12
* LCD Enable pin to digital pin 11
* LCD D4 pin to digital pin 10
* LCD D5 pin to digital pin 9
* LCD D6 pin to digital pin 8
* LCD D7 pin to digital pin 7
* LCD R/W pin to ground
* LCD VSS pin to ground
* LCD VCC pin to 5V
* 10K resistor:
* ends to +5V and ground
* wiper to LCD VO pin (pin 3)
http://www.arduino.cc/en/Tutorial/LiquidCrystal
*/

// include the library code:

#include <LiquidCrystal.h>

// initialize the library with the numbers of the interface pins
LiquidCrystal lcd(12, 11, 10, 9, 8, 7);

#include <Keypad.h>
char customKey;,
const byte ROWS = 4; //four rows
const byte COLS = 4; //four columns
//define the cymbols on the buttons of the keypads
char hexaKeys[ROWS][COLS] = {
{'1,2','3',0},
{'4')'5''6',0},
{7,8','9',0},
{0,'0',0,'#
Iz
byte rowPins[ROWS] = {A0, A1, A2, A3}, //connect to the row pinouts of the keypad
byte colPins[COLS] = {6, 5, 4, 3}, //connect to the column pinouts of the keypad



//initialize an instance of class NewKeypad
Keypad customKeypad = Keypad( makeKeymap(hexaKeys), rowPins, colPins, ROWS,
COLS);

const byte interruptPin = 2;
const int pulse = 13;

const int pulse2 = A4,
unsigned int sensorValue;
unsigned int count;

unsigned long pulseDelay;
unsigned long msPulseDelay;
unsigned long usPulseDelay;
volatile byte state = LOW;

unsigned long pulseTon, pulseNumber;

void lcdClear()

{
lad.setCursor(0, 0);
lcd.print(" <
lcd.setCursor(0, 1);
lcd.print(" 48

}
unsigned long keyCheck()
{
char enterKey = LOW;
unsigned long keyBuff = 0;
unsigned int count = 0;
while(enterKey == LOW)
{
customKey = customKeypad.getKey();
lcd.setCursor(0, 1);
lcd. print(String(keyBuff));

iflcustomKey == "#)
{

enterKey = HIGH;
}



else iflcustomKey != "#' and customKey = *' and customKey != 0 and count < 7)
{
keyBuff *= 10;
keyBuff += ((unsigned int)customKey)-48);
count++;
}
}
lcd.setCursor(0, 1);
lcd.print(" ");
return keyBuff;

void setup() {
Serial.begin(250000);
pinMode(pulse, OUTPUT);
pinMode(pulse2, OUTPUT);
pinMode(interruptPin, INPUT_PULI_UP);
attachinterrupt(digitalPinTolnterrupt(interruptPin), exirg, FALLING);

// set up the LCD's number of columns and rows:
lcd.begin(16, 2);

lcd.print("Number of Pulse";
pulseNumber = keyCheck();

lcd.setCursor(0, 0);
lcd.print("Pulse Ton");
lcd.setCursor(14, 1);
lcd.print("us");
pulseTon = keyCheck();

lcdClear();

lcd.setCursor(0, 0);
lcd.print(String(pulseNumber) + " Pulse");
lcd.setCursor(0, 1);

led.print("Ton " + String(pulseTon) + " us");

//Serial.printin(pulseNumber);



//Serial.printin(pulseTon);

msPulseDelay = pulseTon/1000;
usPulseDelay = pulseTon%1000;

Serial.print(String(pulseNumber));

Serial.println(" Pulse");

L.

L.
Serial.print("Ton ");
Serial.print(String(pulseTon))
L.

Serial.printn(" us");

}
void exlIrg()
{
state = HIGH;
}

void loop() {

if(state == HIGH)

for(int i=0; i<pulseNumber; i++)

{
digitalWrite(pulse, 1);
digitalWrite(pulse2, 1);
delay(msPulseDelay);
delayMicroseconds(usPulseDelay);
digitalWrite(pulse, 0);
digitalWrite(pulse2, 0);
delay(msPulseDelay);
delayMicroseconds(usPulseDelay);
state = LOW;



dy 1 dl ¥ o U ¥ d‘ = 1 5 1 Y o ¥ 6 v ¥
wnanstluenasianulidmsunisidnuienisfinewing eugslnhlulgsslevimunisin

ludnsdllag visdu Snnwvnuillvisaudadiien wagdesdneddiadnveaenarsynasaninisinluly



ICCRE 2018

2018 3rd
SN\ International Conference
\ on Control
and Robotics Engineering

April 20-23, 2018

BurieauIbug s2130qoY PUE [043U0) UO 2IUDIDJUO)) jRUOIJRUIDIUT PIE 8TOT

QN7 81538606623

ISBN: 978-1-5386-6663-0
IEEE Catalog Number: CFP18]JAA-ART

0-£999-98€S-T-846 :NGSI

& IEEE

LAV-YVI8Td4D :4aqunn bojeied 3331



2018 3rd International Conference
on Control and Robotics Engineering

(ICCRE 2018)

Table of Contents
[ = = Tt = TSP PPPI vii
COMIMITEEES ... ettt e e e e e e et bttt ee e e e e e e e e bbb b e ee e e e e e e e ennnbee e e s nnnnrees viii
Robot Design and Development
Playing Chess with the Assistance of an Industrial RODOL .........c.ccciiiviriiiiiiiiieris et 1
Dusko Lukac
Development of Mobile Robot with Vision Inspection System and Three-axis Robot .........c.ccceviiininiiinnnnn. 6

Jeng-Dao Lee, Yu-Hsiang WuYing-Jie Jhao, Li-Yin Chen, Han-1 Chen

Expressive States with a Robot Arm using Adaptive Fuzzy and Robust Predictive Controllers............cc.cccueen..... 11
Liz Rincon, Enrique Coronado, Hansen Hendra, Julyando Phan, Zur Zainalkefli, Gentiane Venture

Multiple Moving Object Capturing in Autonomous Robot-Camera...........cceecuirieriiiienieeniiiienienieeteseseeee e 16
Davood Pour Yousefian Barfeh, Hooman Esmailian, Mohammad Reza Mirzaee, Vladimir Mariano

Machine Learning Comparison for Step Decision Making of a Bipedal RObOt.........ccccoeoeiiiiiiiiiiiieceee 21
Christos Kouppas, Qinggang Meng, Mark King, Dennis Majoe

A Self-reliance Assistive Tool for Disable PEOPIE ......cccievieiiiiiiiieiieiecieeiece ettt eae e reesreesreeseaeseve e 26
Ya-Ting Lee, Chian-Song Chiu, Li-Hu Jhang, Carlo Santiago

Inverse Dynamics of Different Upright Postures for the developed Bio-Inspired Reconfigurable Robot............. 31
Aaditya Chandramouli, P.V. Manivannan

Model-based Process Planning for Milling Operations Using Industrial RODOtS........cccccvevvieviiiniiinieiieiiecieeiens 37
Lars Lienenliike, Lukas Griindel, Simon Storms, Christian Brecher

Obstacle Avoidance Method Based on the Movement Trend of Dynamic Obstacles........cc.ccoceevereeienieienennenne. 45
Yutian Liu, Danjiang Chen, Shaozhong Zhang

Design and Prototype of Monolithic Compliant Grippers for Adaptive Grasping..........cccocveeveevveerreeseeseesvearneans 51
Chih-Hsing Liu, and Chen-Hua Chiu

Control Theory and Control Engineering

Statistical Performance Analysis of Hypersonic Vehicle Attitude Control System..........ccceevveeieevieerieenieeseeeenenn 56
Jiang Ruimin, Guo Jianguo

Finite-time Sliding Mode Based Terminal Area Guidance with Multiple Constraints ..........c..cocceveevenernienennne 60
Min Zhou, Jun Zhou, Zongyi Guo

Trajectory Multiobjective Optimization of Hypersonic Morphing Aircraft Based on Variable Sweep Wing....... 65
Wuyu Peng, Zhiwei Feng, Tao Yang, Bin Zhang

The Electrical Effects of Iridium and Standard Spark Plug for Simple Spark Ignition Engine .............ccoeevrnen. 70
Natthapol Chimpai, Jirawath Parnklang

iii



Trajectory Tracking Control Strategy using Co-Reference for Rear-Steered Vehicle........ccoovvevvveiiieiieiieiiicnnan, 74
Anugrah K. Pamosoaji

NURBS Path Tracking Control of a Scanning Mirror System Based on EtherCAT Fieldbus..........ccccecceeveenene. 79
Ruei-Yu Huang, Chung-Wei Cheng, An-Chen Lee
Research and Comparison of Automatic Control Algorithm for Unmanned Ship.........cccooceeviiiiiiiiiiniiniininin, 85

Bao Yao, Jie Yang, Qingnian Zhang, Zhigiang Guo, Rong Hu

Applying Radar Chart for Process Control BEhavior............ccuevvevierieiiiiiieeieeriesie s ee et sve et sreesenessne e 90
Sawai Pongswatd, Krit Smerpitak

Modeling and Co-Simulation of Actuator Control for Lower Limb Exoskeleton ............cccccoeeiiiiiiiiiiiniiiciens 94
Norazam Aliman, Rizauddin Ramli, Sallehuddin Mohamed Haris

On a New Adaptive Multivariable Twisting Sliding Mode Control Approach and Its Application...................... 99
Zongyi Guo, Jinlong Zhao, Min Zhou, and Jun Zhou

Feedforward Hybrid Control Using Foundation Fieldbus: A Case Study of Temperature Control with Delta V
SYSEIM ..vvevevverervrererveerrerenvnostoaueeeneraiee o NN S Ll ot oo e M e v erervrerervessrunessnesessassns 104
Pittaya Pannil, Sutee Jaroenla, Amphawan Julsereewong, Sart Kummool

Consensus of Second-order Multi-agent Systems with Time Delays...........cccocoriiiininiiiiiniinneccees 109
Chunyang Chen, Zhiguo Wang, Ligiang Jin, Yanyan Yinb, Fei Liu

Switching Sliding Mode Control for Systems with Unknown Time-Varying Control Direction.........c..cc..c....... 114
Jinlong Zhao, Zongyi Guo, and Jun Zhou

Discrete-Time PIDA Controller Designed by Tustin's Method with and without Frequency Pre-warping........ 119
Prapart Ukakimaparn, Mathee Khwunthong, Thanit Trisuwannawat, Pittaya Pannil

Min-Max Merged with Quadratic Cost for Repetitive Control of Minimum Phase Systems ..........cccccoceevereenee. 125
Pitcha Prasitmeeboon

Modern Electronic Information Technology and Application

Research on Image Detection and Matching Based on SIFT Features........c..ccoivviiiiiiiniiiiiniciccecceen 130
Feng Guo, Jie Yang, Yilei Chen, Bao Yao

Modeling and Implementation of High-Gain Coupled-Inductor Switched-Capacitor Step-Up DC-DC Converter
.............................................................................................................................................................................. 135
Yuen-Haw Chang, Jia-Syun Lin

Two-Input Two-Output Current-Mode Universal Biquad Using Only VDTAs and Grounded Capacitors......... 139
Pitchayanin Moonmuang, Pratya Mongkolwai, Worapong Tangsrirat

Linearly Tunable CMOS VDBA DESIZI.....c..cetimiiiitiiiiiiiiesitesii ettt ettt site st she et sttt st sitesaesieetesbesieentesbeenses 143
Natchanai Roongmuanpha, Tattaya Pukkalanun, Worapong Tangsrirat

Concept Development Stage of Hyper Sensitivity Dynamic Airflow Sensor in Low Velocity Region .............. 147
Mohamad Dzulhelmy bin Amari, Sukarnur Che Abdullah, Muhammad Azmi Ayub

Performance Comparison of Bit-Level Median Filtering Circuits Based on Binary Search Algorithm.............. 151
Anan Wongjan, Amphawan Julsereewong, Kei Eguchi

Analog Median Filtering Circuit Using CMOS Three-Input Max/Min Cell...........ccocceeoiiniiieiinieeieeeeeee. 155

Anan Wongjan, Amphawan Julsereewong, Tipparat Junsing

Hydropower Plant Generator SYSTEIMI..........ccvviiiiiiiiriieriiesieesieereereerteesteestresereesseesseesseesseesssesssesssesssesssesssessssensns 160
Sirichai Tammaruckwattana, Saravut Reangkittakarn, and Apinai Rerkratn

Reliability Modeling for Integrated BPCS and ESD System Case Study: A twophase gas-liquid separator process

Teerawat Thepmanee

iv



Research and Application of High Robust Automatic Mesh Deformation Technique ...........cccceeveevieeviieniennnnnn 169
Bin Zhang, Zhiwei Feng, Tao Yang, Jianquan Ge, Wuyu Peng

Multi-person Speech Interaction for Tele-science EXPeriments...........ccvevvervieeriienieicieeiieeseesee e esieesieeseesseenens 173
Taotao Fu, Ge Yu, Lili Guo, Ji Liang

Effect of Vertical Vibrations on Human Postural BalanCe..........cooeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee, 178
Mahboubeh Keyvanara, Mohammad Jafar Sadigh

A Machine Vision Assisted Mechatronic Seed Meter for Precision Planting of Corn..........cccceeveveveveecviecieenieenne. 183
Adrian A. Borja, Rossana Marie C. Amongo, Delfin C. Suministrado and Jaderick P. Pabico

Resistorless Current-mode Universal Filter using Current Differencing Cascaded Transconductance Amplifiers

.............................................................................................................................................................................. 188
Danupat Duangmalai, Winai Jaikla

Electronically Controllable First-order Multifuntion Filter with Using Single Active Building Block............... 192
Kobkiat Chinpark, Winai Jaikla, Surapong Siripongdee, Peerawut Suwanjan

Research on Fault Current Limiter Based on Fast Switching Technology...........ccccceeieeviienieriencieeie e 196
Huating Jiang, Lijun Qin

New Realization of Single CFCTA-Based Voltage-Mode Multifunction Filter.............ccocerieniniinininicnineene. 201

Chaiyan Chanapromma, Winai Jaikla, Amornchai Chaichana
Wireless Communication and Data Transmission

Design and Improvement of Wireless Crayfish Breeding System by Controlling Water Temperature and

Monitoring pH via ClOUd SYStEIM SEIVICES 1..veeuvierireiiiiiiiairiertiastresseeerssseessiessssssseessaasssasssessssessesssessseesseesseesssessns 205
Thongchai Photsathian, Thitiporn Suttikul, Worapong Tangsrirat
Integration of WirelessHART Devices Into Mitsubishi PLC For Plant Monitoring............ccecceeveeeiieeiiieneeneene 209

Apinai Rerkratn, Issara Laosuwan, Sirichai Tammaruckwattana, Jirawath Parnklang
LDPC-Coded OFDM-System with BPSK Modulation-Performance Comparison with Uncoded OFDM System

Aneega Ramzan, Muhammad Omer Bin Saeed

LVDT Demodulator based on AmMplitude DEtECLOT.........covuiiviiiiiiiieiiisiii ettt ereeiae s sreesiresaeebeereesreesenesens 218
Wandee Petchmaneelumka, Pitsini Mano and Vanchai Riewruja

Retrieving a Driving Model Based on Clustered Intersection Data .......cc..occcoiiiieiiiniiiniiiiiinccecceee, 222
Kyle Sama, Yoichi Morales, Naoki Akai, Eijiro Takeuchi, Kazuya Takeda

Stochastic Stability and Performance Analysis for Markovian Jump Systems Interconnected Over an Undirected
Graph....oooo oo My M- 2o Qe B v zeneeneenoree Doorgm O e e ag e 227
Xiaojuan Xue, Huiling Xu, Li Xu

Image Processing

Tuberculin Skin Test Checker Using Digital Image ProCeSSING ........cooveevieriieiiieiienieeieee e 233
John Marnel M. San Pedro, Davood Pour Yousefian Barfeh

Grey Wolf Algorithm with Borda Count for Feature Selection in Classification ...........cccecceveveererenenencenenne 238
Duangjai Jitkongchuen and Pongsak Phaidang

Spatial Alignment Method Based on Cooperative Multi-sensors Target Detection .............ccceeeeveervereesieennenns 243
Lu Xiaodong, Xie Yuting, Zhou Jun

Optimization of Object - Based Image Segmentation in Classifying Water Region ...........ccccceecvevveerieneenneennen. 249
Sarah Alma P. Bentir, Ariel Kelly D. Balan, Alejandro H. Ballado, Jose B. Lazaro



Leukocyte Segmentation and Counting Based on Microscopic Blood Images Using HSV Saturation Component
WIth BIOD ANALYSIS ...veiviiitiiiiiieiieciie et ctte et ettt e et e st e et e et e e teesteestbeetbeesbeesbeasssasssessseesssesssesssessseesseasseessesssnesssanns 254
Vonn Vincent Quifiones, Merl James Macawile, Alejandro Ballado, Jennifer Dela Cruz, Meo Vincent Caya

White Blood Cell Classification and Counting Using Convolutional Neural Network ...........ccecvvvvverieneennnnnn, 259
Merl James Macawile, Vonn Vincent Quifiones, Alejandro Ballado, Jennifer Dela Cruz, Meo Vincent Caya

Adaptive Nonsingular Guidance Law Against Maneuvering Targets..........cccceeveeriiiiiiieinienie e 264
Zhao Bin, Zhou Jun

Mechanical Design Manufacturing and Automation

Novel Intelligent Module and Business Model for Smart Machinery...........cccoeevviieciiiiieicciiecieeeecee e 270
Jeng-Dao Lee, Chia-Ying Hsieh, Han-1 Chen, Shu-Lin Hsieh, Ying-Jie Jhao, I-Kai Liao
Modeling of Cantilever Type Piezoelectric Polymer ACtUAtor .....ccceeueerieiiiiiieiiesie et 274

Aparna, P. Navin Karanth, S. M. Kulkarni

Process Monitoring of Nonlinear Industrial Process on Quality Variables Based on Kernel MPLS................... 280
Zelin Ren, Baoran Any, Shen Yin

Optimal Spring Layout and Specifications for Rotary Active Ankle Orthoses...........ccoceeiieeiienieneniiiiceeeen, 285
Ahmad Bagheri, Mohammad J. Sadigh

Temperature Automation and Optimization of the UPLB Bean Roaster for Soybean (Glycine Max L. Merr) .......

.............................................................................................................................................................................. 290
Romeo G. Ancheta, Fernando O. Paras, Delfin C. Suministrado, Arthur L. Fajardo, Kevin F. Yaptenco
Single CFTA-Based Dual-Mode Biquadratic FilteT...........ccciviviiriiiiiiiiiiie ittt eveeve e saesenesene e 295

Orapin Channumsin, Thongchai Photsathian, Worapong Tangsrirat
Author Index.%.4.....c0...ad £ LLLLLLLLL .om ML, SooppooxD AL ALLLLL LI 3 0e am B, 299

vi



2018 3rd International Conference on Control and Robotics Engineering

The Electrical Effects of Iridium and Standard Spark Plug for Simple Spark
Ignition Engine

Natthapol Chimpai' "

Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang
Bangkok, Thailand
e-mail: natthapol.1993@gmail.com

Abstract— The purpose of this work was to compare the
electrical characteristic of iridium spark plug with the
standard spark plug in order to accord with the conditions of
general control signal operation of the standard spark plug
ignition system. The required voltage and spark duration time
are used for analysis. The data of this study were defining by
charging time of ignition coil since 0.5 — 6.0 ms and spark gap
at the 0.7, 0.9 and 1.1 mm respectively. That operated under
the normal atmosphere. The experimental results indicated
that the required voltage of iridium spark plug is lower than
the standard spark plug from fully saturated charging time.
When it is applied in the general system, the advance angle
should be adjusted more advance about 4% and the lower
voltage requirement of one lengthens the spark duration, that
is not suitable for engine speed more than 24000 rpm.

Keywords-spark control signal,
duration.

required voltage, spark

I. INTRODUCTION

The spark ignition engine is known as a "gasoline
engine". The one is capable of combustion both liquid fuels
(gasoline, gasohol, ethanol) and gas fuels (LPG, CNG
(NGV)), which requires the electric spark is produced by
spark plug to ignite fuel/air mixture and transmit power to all
drivelines. Therefore, the spark plug is an important device
in SI engine. The operation of spark plugs directly affect to
performance and fuel consumption rate of engine. Although,
the electric vehicle is the next generation of the local
transport of the world. In Thailand, there are a lot of
agriculture plant for ethanol product that use as the fuel for
SI Engine. Today, the E10 (Ethanol: Gasoline is 1:10) is the
most popular fuel. And the next plan of Thailand is to
increase the ratio of the ethanol in the fuel (now E85). This
planning of ethanol fuel is to support Thai famer for their
cost of living. That is, the near future fuel of Thailand is the
E100 both hydrous and anhydrous ethanol.

The electric spark (spark discharge) caused by one
electrode to another of the spark plug. that occurs when a
sufficiently high electric potential difference until it reaches
the breakdown voltage of spark gap. The resistance of gap is
greatly reduced and the current flowing through the gap
increase rapidly. The formed spark affects the completeness
of fuel combustion, which results in performance and
behavior of the engine as mentioned above. To achieve a
complete combustion and larger spark, one needs to increase
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the spark energy. This determines the spark current and the
spark duration time at the spark plug electrodes. That can be
achieved by making the electrode tip of the spark plug has a
higher electric field intensity. For this reason, it requires
increasing more voltage between the electrode tip (center
electrode) and the core of the spark plug. The higher the
voltage, the stronger the electric field. The spark jumps the
gap easily; Moreover, there is also a longer spark duration
time. When the spark at the electrode tip has formed for a
longer period, it results the fuel/air mixture is burnt purely;
on the other hand, this method increases the load on the
ignition coil that performed to produce high electromotive
force and spark plug wires. Alternatively, to design the
electrode tip of the spark plug to be smaller in order to
reduce the cross-section area, that affects the stronger the
electric field at the tip of the electrode. Improves the
efficiency of the electric spark as well. From all of these, it
has become the evolution of the spark plug at the present.

The iridium spark plug is developed from standard spark
plug. By reducing the tip of the electrode from 2.5 mm to 0.4
mm diameter that is coated with the iridium. It is capable of
durable an erosion of high temperature from the atmosphere
in the combustion chamber. With the electrode tip of the
iridium spark plug that is smaller than the standard spark
plug in Fig 1. When the high voltage is applied from the
high-voltage circuit, the smaller the electrode causes the
more electrical field strength is getting high. That lowers the
required voltage to conduct the electric current between
spark plug electrodes. The spark duration will be longer, due
to the reduced amount of voltage requirement. As a result,
combustion is good for all types of driving, the engine starts
easily, and acceleration improves [1]. This is why the iridium
spark plug provides more intense ignition power than the
standard spark plug at the same charging time which defines
the spark energy in the ignition coil, including a longer life
as well.

Figure 1. Comparison of iridium spark plug and standard spark plug.



However, the ignition system on the automobile has to
work to combine with the parts of the engine in perfectly.
The goal is not only the suitable spark duration time, but also
need to ignite the fuel/air mixer at exactly the right time so
that the expanding gases can do the maximum amount of
work. If the ignition system fires at the wrong time, the
power is reduced and fuel consumption. Hence, the types of
spark plug must be right for the ignition system. Its
performance influences the overall performance of engine.

II.  THE PRINCIPLE OF HIGH-VOLTAGE GENERATION WITH

THE IGNITION COIL

0”0

Breaker

C
Figure 2. Circuit model of ignition system.

The ignition system is modeled by the circuit shown in
figure 2. That consists of the voltage source (V) represents
the battery, the ignition coil is modeled by the inductor (L,
L,) and resistance of the inductors (R;, R;) and the switch
(electronic switch) is in parallel with the condenser which
performs to absorb energy when the switch is opened.

The ignition coil work in accordance with the principle of
a transformer. That uses the electromagnetic induction to
produce the necessary spark energy which is available to the
spark plug. When the switch is closed, the capacitor behaves
as an open circuit. The current flows from the battery into the
primary winding (L;) of the ignition coil. The magnetic field
is induced around the winding by the current flowing in the
primary winding. The equation that describes the rate of
current change while the circuit remains closed:

1 =

- VO'Vce (
p Rl

SRy /L)t
Lo ® 1))

(M

where I, is primary current, V, is voltage source, V. is
transistor saturation voltage, L, is primary winding, R; is
resistance of primary winding and t is charging time.

During current supply to the primary winding, the energy
is stored in its magnetic field, which depends upon the
current flowing through the primary winding (primary circuit
is closed, secondary circuit is open). The total magnetic
energy is being stored in the inductor is given by

2)
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Figure 3. The current and voltages waveform of ignition coil simulation.
that describes the relationship between primary voltage, primary current and
secondary voltage respectively.

where E,, is energy stored in joules

When the switch is opened suddenly, the current flowing
through the primary winding dropped to zero amperes and
the magnetic field will collapse instantaneously. The energy
in the magnetic field dies down and charges the condenser
for a short time which is equal to (2). This absorbed energy
is sent back from the condenser as a reversed current into the
primary coil causing magnetic lines to appear in the opposite
direction, thus setting up an electrical oscillation.

More clearly, the rapid collapse of the magnetic field
causes a current in the primary winding to dissipate through
the condenser and charges it when it is connected across the
switch of the primary circuit. This current raises the voltage
at the condenser momentarily to about 120 volts or more as a
result of the rapid movement of the magnetic field, produces
this high voltage within the primary windings and the current,
being pushed by a high voltage. At which time, this high
voltage stops the primary current. The condenser discharges
through the primary winding, being driven backward by the
high voltage at the condenser. After the charge in the
condenser is depleted, the current in the ignition coil
continues to drive the current in that direction to charge the
condenser in opposite polarity. The cycle then reverses. The
result is an electrical ringing which reduces rapidly with time
and returns to a state of equilibrium. The initial 120 volts
spike in the primary winding will drive an output in the
secondary winding(L,) up to several thousand of voltage that
is proportional to the ratio of the primary to secondary turns
and the speed with which the magnetic field falls across the
secondary winding. The peak value of this available voltage
(V,) is the maximum voltage that can be generated by the



system. The maximum energy transferred to the secondary
circuit is given by

S, max

c v? 3)

1
5 s'a
where Cg is the total capacitance of the secondary circuit, V,
is available voltage. If all the energy stored in the primary
winding is transferred to secondary winding (Es = Ep). Hence,
the available voltage of the system is given by [2]:

L 12

v =1 | P
a p|C
S
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As described earlier, the generating high voltage with the
ignition coil is then the result of the stoppage of the primary
current and its immediate reversal in direction, which
induces a voltage in both the primary and secondary winding
are shown in Fig 3. When the ignition coil is connected to a
spark plug, the secondary current is pushed to the spark plug
by a high voltage of up to one, likewise the current in the
primary winding. The spark will occur if the output voltage
is high enough for current to jump across the spark gap. The
appeared spark duration will change according to the
required voltage of spark plug. During this interval initiates
fuel combustion under the SI engine operating conditions.
The replacement of the iridium spark plug into the vehicle
that the spark ignition system designed for the standard spark
plug. It causes the more advance spark in the combustion
chamber. The engine is knocking. So, the higher octane
(E100(106RON)) is the suitable fuel to fill in the fuel tank.

I1I.

This experiment was carried out by replica set of the
ignition system in the automotive gasoline engine is shown
in Fig 4. The ignition coil performed to generate a high
voltage to spark plug with a 12-Vpc power supply that is a
primary energy source. which was controlled by a pulse
generator box under the charging time(T,,) of the ignition
coil since 0.5 — 6.0 ms. The iridium spark plug and standard
spark plug were used in the experiment to study electrical
characteristic by measuring the firing voltage and spark
duration of both via an oscilloscope. With using the high
voltage probe to reduce the signal voltages before entering
the test equipment. In the experimental, the spark gap of
both spark plug was defined distance at the 0.7 mm, 0.9 mm
and 1.1 mm respectively. The ignition waveform was
measured as shown in Fig 5a. The results of these analyses
showed that the spark duration time was increased when the
charging time was more: on the contrary, the breakdown
voltage was decreased. That showed the relationships of the
graph in Fig 7, 8 and 9 respectively. Furthermore, this result
revealed that each firing of both spark plug appeared the
spark delay time as shown in Fig 5b. That changed
according to the charging time in Fig. 10.

EXPERIMENTAL AND RESULTS
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Figure 5. (a) the ignition waveforms and (b) the spark delay time under
the charging time of 0.5 ms respectively.

From these results, the optimum spark requirements
depend on the engine conditions. Since conditions in the
combustion chamber are always changing based on rpm, air
density, mixture etc. The spark should normally end at 10 to
20 degrees ATDC, which can calculate the optimum spark
timing from the overall burning angle. At the cruise
conditions, the engines lose performance if the spark is too
long. Similarly, the effect of spark delay time causesthe
incorrect spark advance angle with the engine conditions.
As the result, the engine is not driven by peak cylinder
pressure. Hence, the control signal should be set up for the
corresponding with the location of spark.
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IV. CONCLUSION

The according to overall graph changes were reported in
Fig. 6,7,8,9. The results of these analyses showed that the
iridium spark plug needs the lower required voltage from
the comparison of both spark plug and the average spark
delay time of the iridium is 4% lower than the standard
spark plug. Thus, the spark angle of the engine is increased
when the iridium spark plug is replaced the standard spark
plug on the normal ignition system which is designed for the
standard spark plug. In low engine rpm, this appears nothing
to the engine but in the high engine rpm, the more spark
advance cause knock engine. The knock sensor sent the
knock signal to the engine control unit to retard the spark
angle, then the torque of the engine decrease. In normal
condition, the driver of the engine with low acceleration in
low engine rpm feels that the gasoline engine with iridium
spark plug increasing the engine power with a faster
acceleration than the standard spark plug. And in the high
engine rpm, the engine control unit retards the torque of the
engine by decreasing the angle of the spark advance. This
condition does not affect the engine driver. The iridium
spark plug substitute onto the standard ignition system is the
comfort to the driver with low engine rpm but when the
hydrous ethanol or anhydrous (both 106 RON) is filled into
the gasoline fuel tank, the iridium is the best spark plug in
the system.
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