bl LI,

mMInUANTIIsNIsYaUsENMenvaneasIvasiafisugasadauuy
e sV P L v )
- pewadGagulunTeseusunalefiu

~ MULTI-TIMES CONTROL OF SPARK PLUG ON DIRECT COILIN
A s Ea S:LlNE ENG‘NE? : :: i SR " :

InginusiidusunisvesnisinsanavdngasSyrimnssumansumiudi
| s  @wndvimnssudidnnsedng
|  edeonseans 0
sartumeluladwszeeunmigomsannizde
i WA, 2559
KMITL-2016-EN-M-040-129



nsAUANdmENIsIaUsEnIglwraneasIvasiiugasiiawuy

co & a ¢ & =
ragadLsagUlwATaeuALAG A

MULTI-TIMES CONTROL OF SPARK PLUG ON DIRECT COIL IN
GASOLINE ENGINE

Ushiuns Nusssy
PARAMIN TIMTAM

Y

InendnusiidudruvilavasmsinwmavdngasUsygiianssuamansuynsadin
a1vdviaanssudidnnseiing
AMLIAINTTUANGEAT
anrtumalulagnszaaunadndinummsainnszds
W.A. 2559
KMITL-2016-EN-M-040-129



MULTI-TIMES CONTROL OF SPARK PLUG ON DIRECT COIL IN
GASOLINE ENGINE

PARAMIN TIMTAM

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE MASTER DEGREE
OF ENGINEERING IN ELECTRONICS ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2016
KMITL-2016-EN-M-040-129



COPYRIGHT 2016
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



ANTAAINTTUANERS
aonduwmalulagnszasuinandinamuisainnses
TuSusasinentinug

Wiatadngniinus ﬂ'lsmuqu{]’qmsnmwszmaqumaﬂ%v’wmﬁ”JLﬁﬂuqﬂsuﬂﬂLLUUﬂasJa’ﬁ'n%ﬂgU
Tueiossudufaledu

Thesis Title Multi-times Control of Spark Plug on Direct Coil in Gasoline Engine

UnAnw WeUstiung  fusss

sWaEUT2IR7 54611014
Yy APINTTUPANER TNV QTR v
#197397 mnssudidnusetad T
¢l a a < a _oF i | i}
219139NUIN¥ N TNUS 5A. 353U Younend
NGV INYITNUS - KMITL-2016- E.N M-040- 129
ﬂmvnisumsaamwmuwué _‘f’ izl SV avilede
wAs. leSu WYY T R AL T We 0
= > o 2 F: o 1 % : § ¥ : (\ %
A3.UTUNT  OPWALAMEY (e De 3»47
5.57v9 s - ' ‘G@Qs‘?‘v b v
1.,5’
[ 3 P o 53:3"-“'%
73598554 WBanae
a o '3 ' ¢ v i
IA.ATIAU Uaunans R it W 0l os S |

Fu/ wew U Tideu Fuduns? 11 nIngIeu W 2559  19an 13.00-15.00 1,
A07UNEOU o BIANTRAUNIZINYIA Yed HM-301

AN LYIOGL AR Y 13696

DRSNS HAS I OF TECHD

AMZIAINTTUAEAT SUTBIUE?

(599A18R519758 A9, ANEY U1E])

AMUA ANZIAINITTUANENS

Jull 11 nsngAa w.a. 2559



WadaIngnlinug nsmuANTImznsIaUTEnglivaneAsivewiafieuyn

a so & 44' s ey a
igL‘U@LL‘U‘UF’\I@UaaWL3Q3ﬂ1ULﬂiaﬂﬂumLLﬂﬁI"Uau

UnAnw Ustiuns 9insssu
shaLUnAnE 54611014

UIsyayn AMINTTUFNENTUNUUTA
#1911 Amnssudiannseding
W.H. 2559

219159NUSnwInentinus  sA.IsTadl Ununand

UNANED

IsvhniseenuuuBnsaineusznelngesidnvesiufieulnaiossuddunanely
flddomaauialsdu Tnefiudunimesnsaissmelidanarilfnnniiiedesey
voamsgnszdaludonzssinvaneiawud laslinamuiomnvessiuiuadafiunniiand
AlsiAunidnanfigngureaeseseudiadouiiaingaduminisgassdaunfinougudnie
uu euiiagadianguindeudiigudnioan anuisiseugeanvediniaeud 8000 soUMD
uil anniseentuuszuulneldnesdgasziiadnioguiitheesdummionuds wuin
Sruuniemisgessdnssngliiifiouaansoilfunni 4 ads Tnefiduseuaoen
YoipuagnsiiniiranataInan1ienisyausemeliun@lidiiu 10% taelir1gaaailunig

avauyszquospeuaInsuiinsanae 1 ms



Thesis Title Muti Time Spark Control of Plug on Direct Coil in

Gasoline Engine

Student Mr. Paramin Timtam

Student ID. 54611014

Degree Master of Engineering

Program Electronics Engineering

Year 2016

Thesis Advisor Assoc. Prof. Jirawat Parnklang
Abstract

This article presents the design and fabrication of multiple time ignition
flame of ignition plug in thed stoke internal combustion gasoline engine. The idea
concept is to increase the number of controlled ignition voltage signals, so the
ignition flame of the spark plug is igniting several times in one engine ignition cycle.
Ensuring that the overall signal timing of the maximum ignition period is not over
than the period of the engine piston in normal position from Before Top Dead Center
(BTDQO) to the Bottom Dead Center (BDC) at the maximum 8000round per minute
(rom).Based on the usual gasoline engine ignition system, a complete driver circuit of
ignition coil unit, it is found that the new idea of ignition pulse signal of the spark
plug can be created up to 4 times while the output voltage of the sample ignition
coil decrease not less than 10% compared to the normal ignition signal condition.

The lowest accumulated charging time of ignition coil is 1ms.
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v @
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4

2,

U

n15nflg31139u (mutual induction effect) (evnaInlguniuazunainyfsningn

WuagsaUwAnmansulieIfu llsvnalnlguadigninisasegasviuiivulaziinnis
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JUN 2.12 193siatlouliiguiAgsnetnesdqasuidn
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Vin = VR + VL
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. di
Vin = IR + LE (2.2)

Vin 79 wsaulilinszuanssidnegliiugniasnosdynssida
Ve fo wssulnihfsnaseudimiuniu

a

v, Ao ussulnihinnasenvnainugund
i A nszuanlvaluynieasreuayasuidn
R f® A1AIUAIUNIUYBIRIAIUNIY

L AD ANAINUMLEILIVDIUNAIN

n5UN 2.12 1W3guld Spark Plug ailowdu Air gap waziundewiuiasaliou

WieuiAevenagagnsuilnlaluaifagui 2.13

3UTl 2.13 2uasiadiowiiouifsavesreeagassdnlagSeuliieulyt Spark Plug tafiewdu

Air gap

NngUT 2.13 Wlevihnistinasasiiadnd (W) nszuaazivariuludaunainiieviins
avanndsau uasidovnarmiinsavamdsuauiuud aind (SW) faginsilinnems @
Tudsnefiaasazienaniiziin naneuauasannsdigeus

Mnfemrasinawessas RL wriuamsindsnhvesfuisahauyanisie

A1AUATUNUYI TN NTIYRmTEhaLYa wansluauns (2.3)

(2.3)

L
'R

1 L3

T fi A1 NaRBUANBIaNMBigaud e TIRunnATaNYRaIAT URs UL s lUAY
nauazHaRaUAURIENIEIdaugveInsERan ivaiuvra IR uwUatlUmuaIvIei

138131974 Time Constant (Time Constant)
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MN15NATUGUIATN 2.13 HARBUALDIENILFAUENIAT ¢ > 0 91N393Ta71150

Nrsantaiduaunisy (2.4)

. di,
VinzlLR-l_LEJtZO

dngulndlaedn L msnaen agle

Vi, LR di
B 42 >0
L L+dt' -
A\ |/ Rdt t>0
i NYNR [/ 7~

YIN5UIUSHUSIADIU1IUDIEUNTT
J %Y./ 55 Rjdtt>0
A ER, WP T
R
(i, = Via/R) = =Tt + K, £ 2 0

o

Weounansmusiuslusulsituavaig avla
4 Vin —(R/L)t "N — LK
LL(t)=?+Ae( ) ;W A=e

WAUANNTERALSUALYINAY i(H)=0, t=0 taman A agla

Vin
=—Z4+A4
0 R s}
Vin
A=
R

! 6 )

AT Namavawesan1Isiindaudvenseuanivaiuunadn vl

V; V;
i,(t) = %—%e‘m/”f,t >0
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() = %(1 —e R/DYy £ >0 (2.4)

NAUNISA (2.4) nsildsukUasvaInsewanlasukvasiuanunaiiasuly a1unse
Jeunnuduiusidunswenuduiusladgun 2.14

i L(t)

=N /L
in

0.632 V R
in

sUN 214 nsleduduiusnansvauesan neidaudvenssiailnaniuunaini
wWagnuaslumum [8]

1 3

Aty INaNNITHARBVANBIAN BN dAUgTaINTELAN A uYAaIARTEINITANY

NaneUduasdn Iz druTasIuTInnATeL YR e TuaNnIST (2.5)

v _LdiL
L=% ¢

R Vin
= — ) (= o—(R/L)
V,(6) L( L)( R)e
VL(t) = Vine—(R/L)f t>0 (2.5)

NEUNISN (2.5) N5 UATULUAIYDILSIAUANATSaNTAaInUAsulUALLIaN 9
Waeuly annsaldeunnuduiusidunswenuduiuslansgun 2.15
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i(t):Vs- VS(FVL)t
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M1319% 2.1 wansAwsanuildlunisgausemeliiiioy (X)) wag Ausaiuilaainnisye

Usgnmeliiiiou ) HAnaudu 1074 uay 107 auAszisesaifiou (d) [11]

pressure 10=* mbar 10~" mbar
d [mm] | Xy [kV] | n [kV] 0 Xo [kV] | n [kV] )
0.1 4.688 4288 | 542 2.01 2.7 3.44
0.2 8.608 7.824 | 5.38 2.03 392 | 335
0.3 13.488 [ 11.968 | 5.18 2.03 7.11 3.41
0.4 17.568 | 15.968 | 5.25 2.05 9.72 3.37
0.5 22,432 | 20.512 | 545 2.06 1201 | 3.34
0.6 26.304 244 | 532 2.05 122 | 338
0.7 30.8 28.448 | 5.16 2.08 15.8 3.45
0.8 34608 | 31.968 | 5.52 2.09 18.7 3.25
0.9 38912 | 36.064 | 541 2.09 19.8 | 3.28
1.0 44 | 40672 [ 560 2.10 | 2237 | 3.42
ﬁ’li'l\‘ﬁg/‘i 2.2 LLﬁ@ﬂﬂl’WLUiﬂ@’W’]‘fl‘U@\‘i@’m’]ﬂﬁLLiﬂéﬁJuUiiﬁJ’]ﬂ’]ﬂﬂb’ﬂU [12]
Gap in Minimum Pulse Width | Representative | Total Net
millimeters | KVolts to (nanoseconds) | Current Charge Energy
breach gap Across gap from to
(breakdown) (Amps) electrode tissue
(Coulombs) | (Joules
0.1 0.9 bl 4 2.8x10E-8 0.000025
1 43 10 11 1.1x10E-7 0.00047
2 76 12 15 1.8x10B-7 0.0014
5 16.4 29 16 4.6x10E-7 0.0076
10 (1 cm) 30.3 40 20 8.0x10E-7 0.024
15 43.8 40 22 8.8x10E-7 0.039
20 (2 cm) 57.0 40 29 1.2x10E-6 0.066
25 70.2 40 35 1.4x10E-6 0.098
30 (3 cm) 832 45 38 1.7x10E-6 0.14
35 96.1 40 60 2.4x10E-6 0.23
40 (4 cm) 109.0 35 70 2.5x10E-6 0.27
Meiuedfuszeziwosesinwesenia Gir gap) ivanesewinestataiioudaedng

Y

segrnainly Felaenluiiflouasisseerneseninetaagf 0.6mm-1.8mm AtiumINih

nsnaaesalszneliiiiieuinssiuussenianily Aussiunldaisazeglugie uinndy

0.9KV wel haidls

7.6kV
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Foyyrauguuuunsinlelunisanssdeiaiien

3.1 msafedyyragluuulninldlunisyassidaiaiey

' [ '
% ) b4 = 9[’% Tl

doyayrauguwuulndnldlunisyasedaimiiieui 2 W sludygranasiaulning

Ag7)

A A ¥ [ a

YAvDIdIaannIdYYIufegn ieNazadedyningassidaliisiuiuiaduin

[ '
v s %4 IS

fgawinnagyile lagvuinvesdyniuiaiiwulmii 1 Wadesdesvuwiafianuisaadng

A

w39AunN5nszlnlaindudygamedn wudu fwu dygiunasulndesduundn

- 1 1

aalAiAuAITIRIaINTAZALNAINUILANLAYAIENE1BEBNLIULA (Time Constant)

[

VOIA YYD (ADNFYYIUFIDYNTAILTIAU 3V LazliA1ATUNAYBIFYYIU 3.9ms)

o

= a

2291081 lUNISEYENNINUIUANULUAD 5T FatuYIIa7 lNIIAIENE I UIUNIAT 9
AT A lluMsavaund s uaufuiufe 5T wuiy dsludyuiunasauluii
flaurmdngafiaunsagausznigluiafieuiioassuswiunisynsadalamidudy gy

Y

Yo AP ULIa1VaSdE QY10 (Time ON Stage) AB 5T Waz 1 cycle UaNdngIaNa319TY

TyadFadAninfiu 10T F9@1un30n19I99a199uan39aseLdnaaninauialiegnguAdoui

= s

fegagugnealinaLnIs (3.1)

2\ gom? e L%

Wosnynaoedgasziinwuunsniuiasyassilawuusineg neluglafe el

'
1 =

awnsamAn L, R vsedanssuanegneluld asliudaleinisnaassiemeivuinves

v =

dayay1ed (Time ON Stage) NilAntaaniianunsagnsudniieasnusaiulaaglussauiendu

9

euansLlnfeg1s agfiuseann 11000V LAAIHANIINAABILNENIAY Time ON Stage

o
' '
v )

oy
Meenanluzun 3.1 uaggun 3.2
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DS0-¥ 20028, W52 1 Sat Ot 31 17:11:27 2015

1500w d /! 2 / 0.0y

Agilent

W3R output
P —-———— e L
371 Direct Coil g |

ar =

v 2o
druaunauiiasatulng @

Invert

-

5UN 3.1 fMeg1aman1snaasdiional Time ON Stage Npeiianicunsaynseidniive

aaussnulvegluszaudeivdyauansudnimieis

"Jrcrut{VO lﬂ

12000
S —
10000

BOOD: 4
5000 | J/f/
4000

2000 +

O S A/ Tims)

v oA -

5U# 3.2 n51vivanImaaeanAt Time ON Stage filentiesiianfianinsnyasyidaiie

q

aassnulvegluszaudeiudyauanseiniiogng

Aa

NNIINNANITNARBLNBMIAT Time ON Stage ilAdpenianieasiausenulviagly

L = U L a U 1 Y1 ! . dl %4 dl
ITAUAYINUEALY1UIATSLUARNIBYY ﬁi“lﬂ,@’ﬂﬂ’] Time ON Stage NUBYFNNFIUITNYA

[V a

suinadusaiulassruneniudygingessdndiegns Aa 1ms
ToyayrauguiuuInadiasneliugen Time ON Stage iU 1ms Aeulu 1 cycle FadlAn
Wiy 2ms wetlunismveuiwnvessiuluadudyauiadnazasrauiieldlunimaass

(%
[

NMATEIRInMIMeasLion Uiy IMNadInga a1 saiele lnenazdedliiiu
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F3A1AIUaINIRsEidn Ay FuinisusuAiausiseuRsesaudgIgail 8000rpm

q

wszfuianuiiiseuiniessudgegalaeialy wazlfesadalaalauindnuseuiiioy
é’ggggmﬁaasmﬁué’iy,iyﬂmgﬂLLUUT,mJ'ﬁa%ﬁuLﬁa‘mﬁi’wmué’@mﬂmﬁaéqaqmﬁmmiaa%q
TalpgldiAugaeainiunainisynssiinvesdyy o %aé’fgfgflmgmmﬂmjﬁa%w%u
w9Ieglure 1 cycle vosdyIuiIeg1

DS0-¥ 20028, MYS2187117: Sat Oct 31 15:54:14 2015

1 h00V 2 2.0008/ | 0.0v

Agilent
Wl e N N P :

dyanaiiafrliulvg &

]

Imeert

-

JUN 3.3 Wiguieudaiaiiegne @19) fu dyginguuuulniiaiy () 96

2

AULSITBULATBIIUA 8000rpm

9In3U7 3.3 wansliiiuinfinausIsoueseus 8000rpm  @15aa9d I
sunuulndasganednelugisaunainisasudald 4 Wad Wadn 5 Wuduldaziiugag

AunaInNIsaseilaeenty dmu Fndureunresnuideiinidvinisnaaesinisynsedn

1 [ a

medyyrngnseiinUuuulninasniy lneden Time ON Stage = 1ms wagduIuwad

=

geanianunsaasiaieldlunisqaseidalade 4 Wad

Y 9
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N1INANADILLASHEANTINA DN

4.1 ﬂ']'iE]'e]ﬂLLUU?%UUé"IﬂB\‘]ﬂ"I'ﬁQﬂ'ﬁZLﬁﬂ
Ifinseenuuuszuuitasimsaszidaiifisuisiveaniossudufaladu was
fidiunmsainsgunsaiifionovaussiuamiufnanisgnssdelfiinussme livanseSadeiild
naNIET warAnfiunisvaaeukIAnlaernsa iy aIusaevesdyaaiild
910 ECU in3nsoudiisouindosoud 4 guynauiiaananiaseusisdde 2000rpm, 4000rpm,

o [ 1

6000rpm  Waz 8000rpm  thdyausinanteulidululasasulnsiassiuazyinnisaing
doyaaugaszdavunbmililadygingasuide 1, 2,3 uas 4 A53 lneidauduitasdunis

A

[

andaiifidruruadanniilafiniunisgausznagliifieuavdugaadludaaaand
wanzaufe Yaanargnszidngramth (Before Top Dead Center (BTDC) aufisgaiigngu
\n3eguslugnauildsudyanagasyidafinaiiadeunidagagugnioans (Bottom Dead
Center (8DC)) antiwhnstadussduiildanusenediinihesiufougasedadiouty

Ay InunvinnI3RTE iaRIna"?

dngnnunsadn lulasroulnsiaas (cPU) ungsgnglyl

AaEAYRIldn 1 ovdynszidn 2

5UN 4.1 yauuudnaaimsnseiiamedyginassidaguuuulng
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4.1.1 udenlaazuNINISINIUYReTEUUIIaRINITYnsziln

Funeumsvieuvesgadassnisgassniiadatu wwnadeuuartufinualudinyos
nsgausznelniiuiiou Tnsldldiiniseassdafuindessuiunsads fefuusady
vssernalunsgeszidadaduussiuusserniaiily Famndeanismaasunistnlldau
3eazdeinimaaeugaszidnlunszuenguiifiusesfuussoiniaanizvesnuiesly
\nsuiusazIuLsarEve saiinmameaeuinssuusematedureuavesnuidei

fuppunisiuvesynsiasinisyasziinazsinisgavssnisliiivudeulneld
fyynaqnsudafodne useneliitiuioud 1 waslddyyragassdeiiadetulmiye
Usgmeluliiviauieud 2 LLazﬁwmiﬁ’uﬁﬂmamimaaqﬁqﬂ"]LL'ﬁqé’uﬁaaﬂmmﬂﬂaaéa;mzt,ﬁm
wazUsznglnannisenszdaiionSouifisuszninimaaszidafedygyiuiiogieiy

doyernugnsziiaiasisvulng

Trigger signal from astable

multi vibrator

|

LCD monitor Microcontroller Keyboard

circuit

Direct coil 1 Direct coil 2

| |

Spark plug 1 Spark plug 2

=1 [ o o a
3"[]‘1/] 4.2 Uaaﬂimammimm'immusuaqwumnamm'ifgmzl:um

1 Trigger signal from astable multi vibrator A ﬁﬂ’sx‘lﬁ]’iﬁﬂLﬁﬂﬁfgfg’lmmﬁumiﬁ;ﬂ
senlnglusideilaglddyanugasudadegimldlunsessuiuialeduly dyginga

suidnanymsasiisdeiedyaaludiyasaslulasreulvsiaesineaiisdyaiugnsedn

A

suwuulminazldlunisynssidasiely

2 Microcontroller circuit Ao gna99stulasAaulnsaesiviminiasadymyio

[

sunuulminaglalunisgnsedn lneassudygramininesunainygaiasesawidadanlius
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' ' 1
= v =

L@@%Lﬁ@lﬁi’ﬂuﬂWia%fﬁaé’ﬁgfgwmgﬂwai'm6‘] Fuanlugl a3y fyanafiezadetuunlngies
anunsafvualdlaensteumdrinunuiu

3 Keyboard  fo utlufsniflidouddsludiasasiulasnoulnsiaesiiiefvus
’EULLUUEQiJQJJEg’]mﬁT\wa%’N%mJﬂWJ

4 LCD monitor Ao d0uaninaiivzwaninamdfideumdanainutiufiun

5 Direct coil @@ ﬂaaé@mmﬁmLLuumaﬁﬁmﬁ’]ﬁ%’Ué’agapmmﬂéqmq%
lulasreulnsiaedifieltlunmsgnssidniiviiiiou

6 Spark plug @ ﬁaﬁauﬁﬁmﬁwﬁa}mzLﬁmﬁaa%ﬁwizmsﬂwLLiwﬁ’uqq Tneld

Fuanalunisgnseiledlaunneesdanseidauuuns

4.1.2 Flow Chart n159neuaelulasaaulnstass
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|
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Coil 2 = 1 viad 3 fiad
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i

Coill=3vad |——
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P
e

5U# 4.3 Flow Chart nMsviauvestulasaeulnsiaes
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lulasaaulnsiaesaginnisasedyaragluuulni@uunieldlunisyassidn lng

Fuaanazdideldinevdagassidaiialdlunisyaseilnieadissenieluiiniisun 1
waz 2 duaglasudyarafiuananeiu dygingeszdeiiuiioun 1 asdudygyiniieg

' [
= ¥ =

wesprudldlueiossuinily  drudygrageszilanmfioun 2 sz dudyyruniaddu

q A7}

Tndlaensimussuuuudyauaniilasreulnsaesivaiagudygranidnuiuiad 1, 2,

3 LAY 4 WadPUADINTg

4.2 u39uN159nsEUnlaannynl99sAREHaIRTELUN
lngAdyIuussiunIsanseidnilaainynisasneedynseidatuuazlaainnisusy

ANL5ITBUVB AT DITUATIAIILLSITOUAIAD 2000rpm, 4000rpm, 6000rpm  Way

v

8000rpm waglddaynaqasaianasiulmianynisasiulasreulnsaaesing CPU 98

nsasidyaruiadindiiodnslunugaisasaesdyaseiinme 1Wad, 2Wad, 3Wad uaz 4

'
S

Wad weldlunisyassiln Inededyaausiiuainnisyassidaininliaingniaasnaenayn
seidatuanunsainmeenuiludygaussiulaeldesadaladlavlunsina wayld Probe

High Voltage 1AusssuLazuaninafionadalaalauilusudyanuussiunian Volt Pk-Pk

3
Jusvenussuanmsnsudaiiinldanymsasnesdanszide
421  wswunsgaszidafinnuiEIsouvaaIeseud 2000rpm
L3sfUNMI9aseidaiaanaTeuTedaiadeus 2000pm. sgldranufvesdngyin
f = 2000760 = 33.33Hz asuidnaniedyaraguuuuing 1, 2, 3 uag 4 Wad il

1 ussrun1sanszilamedyanagiuuulud 1 vad wanwalugun 4.4 uag U7 4.5

1: 3at Oct 31 15:41:24 2015
i 0.0v

Agilent

dyanafiaistulv &

BYY Lifmit

=

UM 4.4 dyaraildlunsaassidanasredulnl 1 Wad () wae dyaruildlunis

yn3zLdndIee1a (619) NIrNEI5aULATEIBUA 2000 rpm
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D30 20028, MYB2167111: Sat Oct 31 17:18:28 2010
1800y 2 10008/ Stop | 0.0v

Agilent '

ISR output Il
271 Direct Coil |

o
g

gk
yeuaudiasstulng §

Iert Probe
B ~5-
UM 4.5 dygransenuanmsynseilinninliainynisasresdaynseade (V) wag i

Tflunsynsuidafiadraduln 1 fad (619) Narmisiseunsessus 2000 rpm

2 usswumsnsuiinmedyanaguuuulug 2 Wad wanswalugui 4.6 waz JUN 4.7

DS0-X 20028, WYS2167111: Sat Oct 31 15:41:67 2015

| B 0.0 10,008/ d 0.0%

Agilent |

Ay afiadnetulyl S

deyayaudnE 1

JUN 4.6 dyarauiillunisanszidaitasradulual 2 Wad (Uw) uag &y

T 3

&

aunlglunisyn

szidnfedns (819) 1AUEI59ULAIBIUA 2000 rpm
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DS0-X 20028, WIYE2167111: Sat Oct 31 171355 2015
LoV 2 I 10.00%/ Stop 0.ov

Agilent '

RIS output
371 Direct Coil B

dynufiadnelulv 8

Ivert

=
JUN 4.7 dyyraussaiuainmisgassidnninldanyniasresdynseda (Uu) way dygid

[% ¥ 5 1

Tflunsyesuidafiairadulnm 2 fiad (619) Narmisiseunsessus 2000 rpm

3 wswiunsmssiindedayaugiuuulnl 3 Wad uanwalusun 4.8 way JUN 4.9

DS0X 20028, MYE2167111: Sat Oct 31 154217 2015
1 RO0V, 2 6 OO/ 10 002 0oV
Agilent
Wl ol W ; Eftion ¢

yanauiasieafulng gEe— ——ae=mte WL A - U Lee ™

ey uAIOEN

Ireert
o

[

3UN 4.8 dyaraunildlunisyassidanasiedulng 3 wad (uw) wae dyaranldlunisye

seidafeds (819) 1AuEI59ULAIIUA 2000 rpm
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10.002¢

WA output
210 Direct Coil |

dnanaiiaiiedulu @

L v S,

JUN 4.9 dyagnumsenuannsanseilaninliannyaisaseeudynseidn (V) wag dygini

THlunsyaszilniasisiulu 3 Wad (619 Nenandrseumsoseus 2000 rpm

4 uswiunsnssilnnledyqnguuuulne 4 Wad uanwalugun 4.10 uay U7
4.11

DS0-¥ 20026, WIYE2167111: Sat Oct 31 15:42:36 2015

1 B00W/ 2 BO0VW/ 0.00s/ 0.0y

| B Agil?ent
M“ ‘

L) ¥ L] ' 1
Ayaaiiasaiulvg i . ‘

e ———— T — —— T — i — e —
|

o o T
Aendeeng -

o

] '
L) o ¢

3UN 4.10 dygyraunldlunisyaseilnfassvulml 4 Wad (uw) wae &y

LY] A7}

aunlglunisge

&

seidafmedns (819) 1AUEI5PULAIBIBUR 2000 rpm
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D50 20028, MYS2167111: Sat Oct 31 17:20:47 2015
1 800y 2 E 10,008/ ooy

i Agilent |

LISAY output
271 Direct Coil |

G 3 ,
Fynnadainiulm &

Invert

UM 4.11 dyaaissiuannnisnseiianinlaanyniansaeeanselin (V) wae dayaya

dlunsynszdanadstului ¢ Wad (619) TRa5seuLATeIEUd 2000 rpm

4.2.2 wsafiunisyasziliniinanusasauYaaA3asEUd 4000rpm

LseunIsgasELlinfinnansaseureaeseud 4000rpm agldrAmAvesdayaa f
= 4000/60 = 66.66Hz Inszsiamednaauguuuulng 1, 2, 3 waz 4 Wad il

1 ussunnseasulamodyauguuunle 1 siad wansaluguil 412 wae 3U7

4.13

DS0-X 20028, WIYE2167111: Sat Oot 31 1547002015
o.00ve 2 I 10.00%/

=

dyanafiafafulng &

A uiIeEne |

[l '
L) U ¢

UM 4.12 dygraunldlunisyaseidafassvulml 1 Wad (uw) wae dygruntdlunisge

LY] A7}

seidafmedns (819) 1AuEI5PULATBIBUR 4000 rpm
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DS0-K 20028, MWYE2167111: Sat Oct 31 17:11:222015

1osoovy 2 ROoOovy o 00s  &H0O0DY | 0.0y

Agilent .

LS9AY output
210 Direct Coil |

w ¥ ]
Fryanadiaiieiulug g

B Limit Irpvert
Vi | 5

JUN 4.13 dyaaissiuainnisynsedniinliainyaieasaesanseidn (Uu) uae

Mdlunsansvidnfiadsrulng 1 fiad (619) Arnuisaseuniossud 4000 rpm

2 ussiumsnssilamedyanugluuulvd 2 Wad uansnalugun 4.14 uay 5Un
4.15

DS0-X 20028, WIVE2167111: Sat Oct 31 1547232015
[ I 10,002/

2 ¥ f -
danaiiaieiulng &

B Limit ine Irrert

o =

3UN 4.14 dyanaunldlunisanszitanaiietulu 2 sad (uw) uae dygraildlunisgn

[ Ag]

seidafmedns (819) 1AUEI5PULAIBIBUR 4000 rpm
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[IS0-X 20028, MYS2167111: Sat 0ct 31171218 2015
1 ooy

Agilent -

LIaRL output
971 Direct Coil |

i w ¥ L]
Fyquitanalulvgd @

JUN 4.15 dya il s99uannnisnseiaiinlaanyniansaeeanselin (Uu) wae dayayo

ndlunsynszdanadstulug 2 Wad (619) TRasIseuiazesud 4000 rpm

3 ussnunsnsuiinmedyannguuuulng 3 Wad uanaualugui 4.16 uas U7
4.17

Agilent |

dyaaudiadiedulul &

= __ﬁ____

Fanudingng

o

=] ) A

UM 4.16 dygyraunldlunisyaseilniasisvulmi 3 Wad (uw) wae dygrauntdlunisge

LY] A7}

seidnfedns (819) 1AUEI59ULAIBIBUA 4000 rpm
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DS0-K 20028, WIYE2167111: Sat Oct 31 1712392015

1800V 2 RO0vY Stop i 0.0y

Agilent

JUN 4.17 dyaaissnuannisansuniinlaainyniarsaesdnssiln (Uu) way i

Mdlunsansvidnfiaisrulng 3 fiad (399) Parmsaseuniessusd 4000 rpm

4 useiun1sanssilnmedyaaguuuulug 4 Wad uansmalugui 4.18 uag JUN
4.19

D500 20028, hIYS2167111: Sat Ot 31 15:47:55 2015

5.00v/ 2 5.00v/ 10.00%/ Stop 0.0v

‘= Agilent |

o H v g L
SUIEUNSTITILNL &

Aeuny10usI0E1

]

Imeert

o =

UM 4.18 dyanaunldlunisanszilniaietulu 4 sad (uw) uae dygraildlunisgn

[ Ag]

seidafmedns (819) 1AUEI5PULATBIBUR 4000 rpm
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D30-x 20028, MYS2167111: Sat Oot 31 171289 2015

1 Boovy 2 soovy o [00s 5000 Stop ] 0.0v

. Agilent |

W39 output
[
371 Direct Coil |§

£ X T s
feyanafiadieiulng g ot 2 Akl VRl S R [F¥

JUN 4.19 dyaaissiuannisynssidaiinliainyasasaesanseidn (u) uae

Mdlunsgnseidnfiadetulng 4 fiad (319) Manmuisaseuintossud 4000 rpm

4.2.3 4590UN153952: 00 7IAIU5ITOUVDIATEEUR 6000rpm

W399uN159n 3zt dnTIANMSIeUTaNAS A% UA 6000rpm xlaaiAudve sy f

[

= 6000/60 = 100Hz asvLUamedaaIusUkuulvd 1, 2 uag 3 Wad fiail

[

1 usanunisyeseidamedygingdiuulnd 1 Wad uanawalusuin 4.20 uag JUN

A Y]

4.21

15:48:43 2015

&

dyaaitadalinlnl g

Ay uiaoee i

o

Invert

= Y =

5UM 4.20 dyayrauntdlunisyaseilafassvulml 1 Wad (uw) wae dyarantdlunisge

U g7}

seidafmedns (819) 1AUEI5PULASBIBUR 6000 rpm
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' Agilent |

LI9AU output
970 Direct Coil |§

v Xaq 8
dyanuiiaiiaiulug &

JUN 4.21 dyaaissnuannisensulniinlaanyniarsaesdanssiln (Uu) way i

Adlunsansvidnfiadsrulng 1 fiad (699) Parmsaseuniessusd 6000 rpm

2 ussunsnszilnniedyanguuuulne 2 Wad wanmalugun 4.22 uay U7
4.23

10,002/

w
=
Uleb

drunauftaatulva @

B Lirnit

= Y =

UM 4.22 Fyyrauntdlunisyaseilafasstulml 2 Wad (uw) wae dyarantdlunisge

U g7}

seidnfmedns (819) 1AUEI5PULATBIBUR 6000 rpm
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1: Sat Oct 31 16:55:10 2015

Agilent -

WIIAU output S
911 Direct Coil il

100
1001

Fyaitadliulng &

Ingrt

JUN 4.23 dyaaissiuainnsnsudaninlaanyniansaeeanselin (V) wae dayayo

Adlunsansvidnfiadsvulng 2 fiad (319) frmsseuniessusd 6000 rpm

3 wserunsnssilamedyaguuuulnd 3 ad wanmalusun 424 uay UM
4.25

DS0-X 20028, WIYE2167111: Sat Ot 31 15:43:26 2015

1 800/ 2 10.00%/

[ |
2 e I P 0

Irvert

= Y =

UM 4.24 Fyarauntdlunisyaseilaiaistulml 3 Wad (uw) wag dyarantdlunisge

U g7}

seidafmedns (819) 1AUEI5PULATBIBUR 6000 rpm
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DSO-K 20028, MYE2167111: Sat Oct 31 1865:35 2015

1T 900y 2 o.00w b.000zs stop 1 0.0y

Agilent

JUN 4.25 dyaaissnuannisensuniinlaanyaiarsaesdnssiin (Uu) way i

Mdlunsansvidnfiaisrulng 3 fiad (319) Parmsaseuniessusd 6000 rpm

4.2.4 usssun1sgasziliniinanaiaseuvesadaseud 8000rpm
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Code Program

#include <16F877.h>

#fuses HS,NOPROTECT,NOPUT,NOWDT

#use delay(clock=10000000)

//#use rs232(baud=9600,xmit=pin_c6,rcv=pin_c7)
#define use_portb kbd

#include <lcd.c>

#include <kbd.c>

unsigned long time, Ton;

unsigned int k,kp[51,i,m,one,two;

#int_ccpl
void CCP1_ISR(void)
{
time=get_timer1(),
iflone==49)
{
output_high(pin_a0);
delay _us(Ton);
output_low(pin a0),

if(two==50)
{
output_high(pin_a0);
output_high(pin_al);
delay us(Ton);
output_low(pin_a0);
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output low(pin_al);

delay_us(Ton);

output_high(pin_al);

delay _us(Ton);
output low(pin al);

}

set_timer1(0);

void kbd pullup_init()

{
port b_pullups(true);

void main()

{
enable_interrupts(GLOBAL);
enable_interrupts(INT_CCP1);

led init();
kbd pullup init();

lcd_putc(" Dual Coil IG \n");
lcd_putc("ID : 0213 0606 ");
delay_ms(1000);

led putc(\f);

lcd_putc("  Ton -[1] \n");
lcd putc("  Pulse-[2] ")
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while(true)

{
m=0;
Ton=0;

k=kbd_getc();

if(k!=0)

one=k;

lcd putc(\f);

lcd_putc(® Ton = us\n");

led_putc("  # > Enter ")

for(;;)
{
k=kbd getc();
if(ki=0)
{
if(k=="#")break;

lcd_gotoxy(9+m,1);
lcd putc(k);
kp[m]=k-48;
m++;
k=0;

}

}

for(i=0;i<m;i++)
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Ton=Ton*10+kpli];
}
m=0;
lcd putc(\f);
lcd_putc("  TESTING ")

setup ccpl(CCP_CAPTURE RE);

setup_timer_1(T1 INTERNAL[T1 DIV_BY 4);

set_timer1(0);

set_tris_a(0x10);
set_tris_b(0xff);
set_tris _c(Oxff);

while(true)

{
}

{
if(k=="2"
{

one=k;

lcd putc(\f);
lcd putc(" Ton = us \n");
lcd putc("  # --> Enter ");
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for(;;)
{
k=kbd getc();
if(k!=0)
{
if(k=="#"break;

lcd gotoxy(9+m,1);
lcd putc(k);
kp[m]=k-48;
M+-+;
k=0;

}

}

for(i=0;i<m;i++)

{
Ton=Ton*10+kplil;

}

m=0;

lcd_putc(\f);

lcd_putc("  TESTING ");

setup ccpl(CCP._CAPTURE RE);

setup_timer 1(T1 INTERNAL|T1 DIV _BY 4),

set_timer1(0);

set_tris_a(0x10);
set_tris_b(0xff);
set_tris_c(0xff);

54



while(true)

{
}
}
if(k!=0)
{
if(k=='3")
{
one=k;

lcd putc(\f);
lcd putc(™ Ton = us\n");
lcd putc("  # --> Enter ")

for(;;)
{
k=kbd_getc();
if(k!=0)
{
iftk=="#"break;

lcd_gotoxy(9+m,1);
lcd putc(k);
kp[m]=k-48;
m++;
k=0;

}

}

for(i=0;i<m;i++)

{

Ton=Ton*10+kpli];



}

m=0;

lcd putc(\f);

lcd_putc("  TESTING ")

setup ccpl(CCP_CAPTURE RE);

setup_timer 1(T1 INTERNAL|T1 DIV- BY_4);

set_timer1(0);

set_tris_a(0x10);
set_tris_b(0xff);
set tris_ c(Oxff);

while(true)

{
}
}
if(k=="4"
{
two=Kk;
led putc(\f);
led putc(" Ton = us\n");
lcd putc("  # --> Enter ");
for(;;)
{

k=kbd_getc();
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if(k!=0)
{
if(k=="#"break;

lcd_gotoxy(9+m,1);
lcd_putc(k);
kp[m]=k-48;

}
for(i=0;i<m;i++)
{
Ton=Ton*10+kplil;

m=0;
led pute(\f);
lcd putc("  COMPLETE ");

setup ccpl(CCP_CAPTURE_RE);

setup_timer _1(T1 INTERNAL|T1
set_timer1(0);

set_tris_a(0x10);
set_tris_b(0xff);
set_tris_c(0xff);

while(true)

{

_DIV_BY. 4,
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Keysight 100/6C High
Voltage Probe

Characteristics

System Bandwidth

a. 500 MHz when used with 500 MHz bandwidth
oscilloscope

b. Oscilloscope bandwidth when used with oscilloscope
with < 150 MHz bandwidth

System Risetime (Calculated)

a. < 0.7 n sec when used with 500 MHz oscilloscope

b. Oscilloscope risetime when used with oscilloscope
with < 150 MHz bandwidth

Attenuation Ratio 100:1
Input Resistance 66.7 ME2
(when terminated into 1 MQ2)

Input Capacitance =3 pF

Maximum Input
(dc + ac peak) / ” \

pollution degree 2

4000 V CAT | (mains isolated)
1000 V CAT Il (post receptacle mains)
DO NOT connect to a circuit above these maximums

Rated transient overvoltage (Ut)

ov

Compensation Range 6-18 pF

Probe Readout Yes

Operating Temperature 0°to 50°C

Humidity to 90%

Shock 400g 1/2 sine wave on tip end

50g 1/2 sine wave on BNC end

Propagation Delay

=8 ns (1.8 m probe cable length)

Altitude

3000 m (indoor use only)

Cleaning: If your probe requires cleaning, disconnect it from the instrument and clean it with mild
detergent and water. Make sure the probe is completely dry before reconnecting it to the instrument.

KEYSIGHT

TECHNOLOGIES
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Multi-Time Ignition Concept of Four Stoke
Gasoline Engine

Paramin Timtam and Jirawath Parnklang

Abstract—This article presents the design and fabrication of
multiple time ignition flame of ignition plug in the4 stoke
internal combustion gasoline engine. The idea concept is to
increase the number of controlled ignition voltage signals, so
the ignition flame of the spark plug is igniting several times in
one engine ignition evcle. Ensuring that the overall signal
timing of the maximum ignition period is not over than the
period of the engine piston in normal position from Before Top
Dead Center (BTDC) to the Bottom Dead Center (BDC) at the
maximum 3000round per minute (rpm).Based on the usual
gasoline engine ignition system, a complete driver circuit of
ignition coil unit, it is found that the new idea of ignition pulse
signal of the spark plug can be created up to 4 times while the
output voltage of the sample ignition coil decrease not less than
10% compared to the normal ignition signal condition. The
lowest accumulated charging time of ignition coil was3.9ms.

Keywards—ignition spark plug,multi time ignition, pulse
sparksiginal.

L. INTRODUCTION

The internal combustion gasoline engine has recently
been developed to reduce engine pollution. The whole
concept is to increasing output engine power, reducing the
fuel consumption, pollution and also the engine sound. The
development sometimes needs higher quality of gasoline
fuel to produce higher output engine power, which causes
higher pellution. The nature of the internal combustion
gasoline engine is that when the fuel efficiency
characteristic is improved, the other aspect such as the
power efficiency is unavoidably reduced. The evolution of
the internal combustion engine is slower than the
expectations from the regulations of each country.

The single spark plug ignition coil unit (coil on plug) of
the internal combustion gasoline engine is one of the
development to example improve the engines an ignition
cycle concept with low pollution emotion. For example, the
techniques of the spark plug ignition flame while the engine
discharges the exhaust to reduce its severity before releasing
outside the engine. Although the pollution (toxic gas)
discharge from the engine is burned again for the second
time and reduced the pollution rate. It does not increase the
engine output power.
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Formerly, the development of the number of the spark
plug ignition to increase the power is to add spark plugs in
the one engine piston (only 2 plugs maximum). The problem
on the appropriate position to install the several ignition
spark plugs is being discussed as the sparks plug position.
The ideally is to install at the center of piston combustion
chamber. This multi spark plug engine ignition is not
satisfactorily enough fuel efficient. The resolution of this
issue is to increase the electrode in spark plugs to be 2, 3
and maximumn 4 electrodes (formerly there is only |
electrode). And find the best possible position to install a
plug for produce maximum output engine power with
minimum pollution as possible. However, there is still a
problem as the ignition plug only took place at only a
suitable point in the combustion chamber. And there is only
one eleetrode can spark because of that electrode gives the
minimum electrical spark gap resistance. This development
is therefore considered a solution for the case of hot
electrode plug, after a long time use of spark electrode can
no longer lifetime. The ignition flame occur at the another
electrode sparkplugs which are still low electrical spark gap
resistance. Furthermore, the development of spark plugs by
using difference material such Iridium or Platinum at the
spark electrode produces conduction efficient and reduces
the degradation of the plugs. The ignition point is more
accurate. It is the evolution of spark plugs that is currently
used.

However, all of the spark plug ignition system
development has been focused on single ignition per one
ignition round due to the fact that there is the mechanical
limitation of control unit (pick up coil in the distributer
unit). Currently, there is a innovation that creating high
voltage to climinate the ambient air surrounding the spark
plugs in the combustion chamber. This innovation is single
spark plug per one ignition coil and one coil driver circuit.
With the smaller power electronics device technology, the
ignition coil and coil driver control unit is combined in the
small single unit. A lower duty cycle time to ignite and
responds to higher ignition frequeney response. The sample
of a complete coil on plug ignition circuit unit is illustrated
in Figure 1.

Fig. 1. The present single coil on plug
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II. THEORY

With the internal combustion engine. gasoline ignited
with a single spark plug presently is started during the
engine piston compressing. The piston move to top dead end
which refers as Before Top Dead Center (BTDC) and it
occurrence at any suitable degrees depends on designing the
gasoline engine and fuel combustion duration time. The fuel
burn starts at the end point of the spark electrode plug and
ignite overall the combustion chamber so that the fuel is
thoroughly combusted. When the piston moves to the Top
Dead Center (TDC), it descends to generate heat power to
propel the automaobile. The power of combustion attract to
the top of the piston ended after the piston moves to the
Bottom Dead Center (BDC). At this moment, the spark
plug originates sparks from the time that the piston moves to
the Bottom Dead Center. The timing period is researched to
create duty cycle time spark signal for combustion at the
spark plug electrode continually. The period time (7) is
calculated from the equation (1):

D+180°
T = mm——second (1)
ETX?'ED

By D is combustion degree at Before Top Dead Center
rpm is engine cycle in 1 min (round per minute)

Therefore. if we specify a maximum round per minute
(rpm) of engine to be 8000 with 10 combustion degrees
BTDC, the period to create the combustion signal is not over
than 3.9ms. The problem in the system includes the method
of combustion to originate the spark at the spark plug. So in
this research mean that it cannot be calculate to find the
period of cumulative load of combustion currently used coil.
However, as a gasoline engine is combusted with single coil
that has the coil propel system inside on single unit and a set
of combustion ignition coil. This propels cycle is
responsible for only a combustion piston. That is to say, the
size of the combustion coil is made of copper wire with a
small cross sectional area. It needs a low primary coil input
current and high output secondary voltage. From studying
the general period of load accumulation by considering the
period of combustion signal derived from ECU (Engine
Control Unit) controlled by general engine concept is 1.4ms.
Hence, we begin the studying of timing of the newly
generated signal to decrease from the signal period and
experimenting signal creation with maximum combustion to
the load at 3.9ms as specified above. The duration of the
OFF state of each signal is equal to the duration of the ON
of the calculated period.

Some former concept of dual ignition coil and dual spark
plug ignition system of Alfa Romeos Twin Spark or Toyota
Twin Plug Engine, a single spark plug ignition system is
applied in present general vehicle to ignite engines with one
power eycle. However, in recent decades, Alfa Romeo has
conducted the experiment by adding another spark plug to
the engine ignition system which means the dual spark plug
ignition in one work eycle. The timing spark flame of the
twin spark plugs are designed of suitability time. The
experiment results indicated that the ignition of the dual
spark plug in one power work cycle cause higher complete
combustion, higher fuel efficiency and also lower amounts
of engine exhaust pollution.

From the Alfa Romeo experiment, it is found that the dual
or twin spark plug ignition system can provide fuel
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combustion which higher than the single spark plug ignition
system. Because of its more comprehensive ignition
position, greater spark power, higher ignition fire by higher
secondary voltage, and it causes more complete combustion
fuel efficiency.

[1I. EXPERIMENT AND RESULTS

Designing a gasoline engine single spark ignition model
system, and construction equipment for this concept of the
ignition that multi times spark as mentioned above is
fabricated. After that, conducted and experiment based on
the concept by generating a control simulation of the
ignition signal output from the general ECU of engine with
4 cylinder engine cycle’s speeds of 2000rpm, 4000rpm,
6000rpm, and 8000rpm respectively. The ECU signal is
stimulate into the fabricated new concept CPU of the
experimental system and new ignition signals is created. The
new multi time ignition signal is 1, 2, 3, and 4 times.
Regardless of the number of ignition times that occurred, the
sparking plug is terminated in a timely manner which is
BTDC to the point where the engine piston position. This
received such ignition point, reached to the BDC. Then the
output voltage at the end of electrodes of the ignition spark
plug is measured and compared with the ignition signal. The
results of the experiment are shown from Figure 2 to Figure
8 and Table 1.

DEDR 20024, W52H

S0 31 154157 2015
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Fig. 2. Example of priginal ignition signal (below) and new ignition
signal created (above)

Ll

Fig. 3. Example of voltage levels record from electrode of the
sparking plug’s tip when experimenting ignition with default signal
(above) and the new ignition default signal created (below)
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Agilent

Fig. 7. Example of the nature of the flame obtained from the
sparking plug ignited with normal signal

BN

Fig. 4. Example of voltage levels record from electrode of the
sparking plug’s tip when experimenting igmtion with signal 2 times
(upperjand the new ignition signal created 2 times (lower)

Fig. 8. Example of nature of flame obtained from the sparking plug
ignited with multi pulse signal

TABLEI
THE RESULT OF OUTPUT VOLTAGE OF THE SPARK PLUG ELECTRODE

Number Ensine Tgniton Sparking I:’{n:g Electrode
DF'PUISB Cyele Timing Qutput \P'nila e
Signal (rpm) {ms) utput \ o
™)
’ > 2000 15.83 11900
Flg. J. Example of voltage levels recorded from electrode of the
sparking plug’s tip when experimenting ignition with signal 3 times 4000 2.917 11100
(above) and the new ignition signal created 3 times (below) 1 i
6000 528 11300
52167111 S 0cc 31 172
(T
8000 3.958 23100
Agilent
2000 15.83 11500
4000 7847 10s00
2
6000 528 10300
8000 3.958 10700
2000 15.83 11500
T i 4000 797 11300
3
: N 6000 5.28 10500
Fig. 6. Example of voltage levels recorded from electrode of the
sparking plug’s tip when experimenting ignition with signal 4 times
(above) and the new ignition signal created 4 times (below) 2000 3.938 0700
2000 15.83 11500
4000 7.917 11300
4
6000 528 10300
8000 3.958 11700
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IV. CoxcLUsION

Figure 7 and figure 8 show that this concept of the spark
technique is better light intensity of the spark plug electrode
tip than today general spark concept. And also from table 1
the experiment results by generating a signal with multi time
pulse signal (maximum at 4 time) to the spark plug with
different normal gasoline engine speeds (pm) and
measuring the output voltage from the spark plug
electrode’s tip shows that the efficiency of the detonation in
different kinds of detonation signals and different 7pm at the
same detonating voltage. But the experimental results do
not include the engine speed at 80007pm which has a multi
pulse signal 1 pulse that has a different voltage from the
detonation and different from other ipm rates. The
conclusion is that if the multi pulse signal 1 pulse 1s
delivered to this type of coil on plug, the output voltage
from the detonation at rate of 8000rpm has the highest
voltage rate from the detonation. The next research is to
change the sample of the coil on plug and find the maximum
system frequency response or the minimum duty cycle time
parameter of this idea ignition signal.
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