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KEYWORDS : FUEL-INJECTED MOTORCYCLE SYSTEM: ENGINE CONTROL

MODULE: PROGRAMMED-FUEL INJECTION

This research investigated the development of an economic fuel-injected motorcycle

system that could be programmed. The study designed a controller circuit and installed it in the

Programmed-Fuel Injection (PGM-FI) system. This controller circuit received output from the

Engine Control Module (ECM) and from the detector (Sensor Unit) which were the input to the

controller circuit. This input was processed by a program in the controller circuit that reduced oil

consumption. The study created a controller circuit which worked with the ECM in the PGM-FI

system. Results showed that on starting the engines, performances were the same but fuel

consumption was less in the engine with the controller circuit. Tests involving two engines, one

with the controller circuit and one withou! over a distance of l0 kilometers performed six times,

showed a reduction of 33% in fuel consumption for the engine with the controller circuit but an

accompanying reduction in engine power.
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(ECM) r{r }i'rj ir rJ g r I:J : un : ru n r : fi n,do ur fr { lu n r : il : y u a-rr #r rutu 1 d
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t.z ingrhva.rd

t .z- t f,n u r : v u l n r : d r otdo rn fi .r rTa o r-a fi n fi au r : o J il : un : u'l d 1r.og**-ed Fue l

Injection: PGM-FI) lu : o t-n: utu uud

1 . 2.2 0o n t tu u eii q : v u u I il : un : u tnio n ?u q u n t : rix r u r o.: r.r-e fi n ( Injector) lu
:nt-n:utuuud

1.3 .r,ourrstnr:d ufi uqru

t-:. t finur:vuunr:drordourfi.rr?':on-rfinfiarlr:nhJ:rrn:ru'ld le.ogrummed Fuel

Injection: eGM-FI) lu:o,fr'n:uruuugiE#e wAVE I l0I

1 . 3.2 o o n t tu u a it l n o u lm : n tn o f rn*o nier u r l:J : r rn : t il : y u dn rdonr fi .: rir.: r u
n ru q ru r-rfi n i unlu ri'u ecu

t.:. t riuu Iil :uR: ufl ?uarnr:rix ruro.rrtrfi n

t .l rJ: vftrtri n{n ro d ro v'lfr Yu

t .+. t ril u uu ? vr r.: n r : fl-fl u r Iil : un : ru o ru g u,oi u.: u u g{: y u :J ri'e fi n 1 u n r : 1#
.d^-^-.= -- -- -- - ! . Yo 

- c, s rlrorrloitrruuerN 1 rdu uluurrflfl tryaoii ess druyurrfralryaod proo

r .+.2 lffi n r : ri'r n ri r rrfl u uu ? yr r { fl ix ar o.: n n d[.: n-l 1 Ernbedded Systems)
q^----^- -d t A q A r a 6
I u : v l u rR5 o I o u si rn- o n-er u r rn- ru :J : y ? m i n r n r o I : y u u rnt o I u u o{
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ullYt 2

vrq u fi ua v.r r ui ffudrfi u a {o r

z.r rru?fi'sdrdoa{u.,

qeda-],
ilusimrd ffir::ru uosnudul es54) kirjrrauolmn?lru 6o.r nr:rJiuilgl:ruu

dd
n]:ilel tfrotvtaltol:oi-n:utuuusfrfioldrhruiurrfi'alryaod ass (The Improve Motorcycre Fuel

Injection Systems for Gasohol egs) Jrrusr-nrriln.::yuun?uEUnt: ij.lu#ruTurf;ory,a.rlnrih{

rnio.ruug{:cuxr.r-?fin afr'r.ro:nouIm:nraofrir.rruir,niunlunrio.rurrgu,oduruuo{
(ECM) lu:sulfi6rdlroyllo (pcM-Fr) :euun?uqlnr:fir,,dornfi.:fiafr{drr.,u.,ro,n",

v
:&ust?01n1:finrfrontilJnotril:p.t-uErrrunrrrurErrurruo,oiurouoi rhhflrnio.:uurfl#rirriu
uflalvuod pss ,flu,durnfrlld lnulildo.:ilfuusi.:durirunuo,oduruuoilnl uasdrur:n
n d'r ru r 1 #r#o rvr fi s rJ n sr-'l drdu rrr ru

6qA
rvraia drur6u rrnvoudul (2s51),ldrjrrauou?tn?lru,fuorrrro:lnrunr:fin

&<,o
tBotualttnsnt:1o:vtu^crlurnSoluuoi:nrnjl (tnjection and Ignition control system for Racing

Engine) lnuli'flurnr:rixtutownjron'ruqurnSo.:ouo{ufralry6u 4 0-.1.r?yuuuri'rfin rniol#
lunr:tt{ltiu rsAE Auto challenge 2008 Student Formulan"erur rnSo.ruudnt?tgrtn zx6R
600cc !lntnioltlusirfiru 6.rfi:vuuiiru,dorn6.rrflunrf:.1:rsrofrrnvlo:rrfindru:suu cDI l#
rflu:stludrutdonT fi.:uncntufluolf,rln:vru-nr1:u:vuuo'16nvr:ofind gasiliu*si.::&uy[?n.r

nr:tirurfinhrdorvtfi.:ttnrolrtln:vtfrnrniol#kirirdruavu:,:finr:-EourfiuurJ:vfiyrinrnnlu
zi ra

tnSo':uueirfiUriounr:rJfuusit rirl#n:ugrunr:riru,doryrnruavnr:1n:vrfinlduacdrl#
rir n-q ua s u:.r r^n fi r ru r I riru d a r',

riuei rsurrrsr'(zss+) tdrjrrauo:rvrn?'rrJ riornr:rJfrrJg.:rnio.ruusil{:osiu
rdornfit egs lrifinurua-nnr:rit{'ruro{:vuufl?unrnr:a%iiredruturuo,o*u,ouof 

Inuorri.u
ua-nnr:dtudtyryrnrto.rgt-:st::ot''un?ruaYu (map sensor):irrrr:.:niuornrgluvioj:,,1o6 rtny
rirgrJn:ai6r6nvr:ofindur6n#orn'orn'ru,,arnndqqrar,oqsr-lsr:rrf,un?ruelyu 

rrayd.:
ri'ryqrauorrirlnnaiuhJnriouorrquoio.:ouo{ (ecu) rnionrugrrJ3rraudourfi.:h?nurrju
HnnrrmndorLl#r#ernfi,:vr-:lrjrir6d,:,:narrurBrru:rruo,oiosuugi3,000-4,000:oururfi 

fi
riau naudnril rv fl u rntror:Jiuu r r
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t#rdorna': ess drunaunvulil 'kisr-n#.:nrioir Easy tuner rirh{rnioruudl# rdo,^rfi.: 885 lei
odr.raru:;:ai

-do/tfl ud'nd ouirs lryu es s2)'ldrirrau oum n ?ril nlr a-nuila {rai o r ou d6rryald LpG
dr I h9o < , d dtljutYotila{ loo o/o [nulddrrauoTBni:rr nrrirdtunrauro{ ton, nlrur5aornrfl, ililrar
i6tfrorndl n1:mnrToudu::ousflo{rnio{uuof d.rryrirh?rnioruuri6rryadl#rdornfi.:fitn

: s rfi n drurJ : y n ro 1r{'ldo dr,r au :; : ni

tnuu qm-uhflr rtavnats (2s43)'[rlrirrauosr-rn?uErurruurllryfiurrJ:yqnoiTflunr:

n?uqugiltnfli.rlotsrof lrrulririrrauo In:rafr{ro.:el-?n?uquuuuf,crfi nr:oonuuusr-r
n?UquuuU$lcrfi

oUryt ?.:di'uflrr lrnyn€us (2552)'lrlrirrauonr:l#rnioluus{q r-l?r:crur1frlunr:

rirrjuuuoifiu'lrlrirrauoiinr:n-nrr:Jo':rnio.:uus{nr:rril:vfiyrinryrruo,oiuouue{o-sr:r
d-.-r+ t d o v a Jnu ril a o { [To rfl a { n r rl 15 

-: : o I r r n v rit ii'{ I o I rn5 o I u u si

,.r ruduorrrd :suufi 6r6urov{lo (pcM-Fr)

:vuufi6rdrro,l'[o (programmed Fuel Injection: PGM-FI) n^o nr:l#:sr:r
d'tf,nm:ofindrrTrurn':uqrunr:finiirurfiruiurdo,rnfi.:l#firJElrardrurrsauriunr:rfxrui,o{

i t < -i, ^^.rnsoluuei4ndRl?e Jnofirilinrurornioh?rnSoruue{rirnuodi,:rduil:yfimr-nr,rrJEruror'lora,u
ir-t-

sit tj:vrtinriuiuuavtr?au::nuvflr:+uid6du soueirdrrrrigrur:suufi-?frr'du,'o zo n.iril
dud: lrirj : v rru n ? 1 u d t rl o 1 u n r : n n fl il o rn o f 'l ryr{: v u u u-a fi n o o n dn o r n rij u n Y.: *: n tuij
n.f,. 1982 Inulff;otu:'r cxsoo rurbo 6.:rilujufivrtnrurdururhflrJ:yru-nrilliulrnndrjudu

n.f,. lee8 aourirldrirrfluo:o:euun-rfinfi6rdlror{,[o (pcM_Fr) ju vrnaoo Fr dd1,fl dqilu
,ir
?umfl'lx1:nHluula:n1un?uquuavl-utlo.:flHnrnql:rJ (EURgl) lu:J:vrvrg'lvru aourirld
uYmunn5o.: uud q o-.:t't'lv ns qA:vru#,:finfi6r5lroy,l1ofi1#lorfioavornfign 

6n:'rd
rutn:grutotfiu:sni:L s riruun s0% uonrrnriud':rJ:suu-nriifulrnn,iirniosuupi rzs 6fi.

J Ja a 2-.
ttuunrf ut:rsrof fil o"z, 6.rtiluru',rtglu,o*u.:ouei + o-rrevgnlurifirJ:rru-nfiqn :vlufi
6r6rrov'l1e rl1i.:nr:finuroonrflu rilrun:.10,il'u (Sensor Unit), ndosn?uEU (engin control

module: ECM) rrrildu,nfir (Fuel Sysrem) rrae :euu?n:srfin (Ignition System) genrlu
j

Rlllyt2.l
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nrild z.r finu,rnsirn : rv #rnt o{uu g{:yuufi6rdruroyl lo

z.s rfinnr :ro.r:yuufi 6r6urov,lnlo

: s u u fi 6 rd U to ll'l o r{l u : v u u n ? u E U n r : rir r r u r u u,oi u., u u rf I n on.ru n ru ili ru r ar
t a 

-'--'q'

riorna=r unvnr:drr[?arnr:En:;ru^n dru]rJ:rrn:ruornna'ororrqrroiorouei(Engine
control module: ECM) rJ:cnoulilri:unrio.:nruqurniorouoi (acvr) rfrrrirfinrunuflr:
rir.:ruro.r:vuunr:iiroriruiu unv:euunr:Eo:vru-nh?fiil:y?vrGnrnJnondornrunu

rnto.:uusi(ecu) rflunoulm:nrnoi fi;udryqrilrrnsr'rfl:aoo"'u (s"r,ro..l lnu finid
( l ) cl-:91 : : t n"'u g offir 4 fi o r n r alu vi o l o 6 (Intake Air Temperarure Sensor: IAT)
(z ) n-rn : r t il-l n : l u n-u l u yi o'l o d (uani fold Absolute pressure Sensor: MAp)
(3 ) eirsr : r o 6'r sl'r uu ri,r a3u ri r (Throttre position Sensor: TpS )

(+) n'asr : r r'il'u g*, q r^ti',ri, rnd o,: langine oil Temperature sensor: Eor)
(5 ) n-an : a t i':r n a r ru rE r : o u rni o r u u ei (engine Speed sensor)

(6) sr-: sr : : n f,i n r : 16 u.: t o.r : n (Bank Angle Sensor)
i,

rru-ondoln:uqrurnio.rouoi(ecrra) f:.1{oryoornst-:n:aod,u (Sensors) oyn?unut q-'
:vuutfrotnfir (Fuel Svstem) r]:snouhjdrt, riudo,rrfir (Fuer pump) rirrririiafxu:rnu
riru-u'hfln':fi d':r-rfinovn':lgrurJSurnrrirruiudrudqryrarrflnrfrfinornndorn:unru

tr J , q-'
rn5o':uugi (ECM) rrau n?1urB::ouro.:rn6oruuef ,rr'on:lruri:,u*uo,of uuuurigod,
rJSrurarrirriuorrrn#u nluryunl: BSFC : ffx 1000,,n, ep# tir:vovr:nrnr:riln
,'',u-rfirr"'rfiurrnr'u rjiurarrirriuorrrnr'r"d.:cr nrio.:n:rqu,oiuloluef (Ecrra) oviufrurn

+
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olnrfl uasn?lufinrJnsr orncr-rn:ao,$'u (Sensor) nriolo,tunrurnto.ruud(ECM) 0sfl?unun1:
o i r h rt, / a

lo:stun fi.r:i:cnouhJdru noudln:urrl^o (Ignition coit) rrayri'erfiuu (Spark plud filoc

uan.rlunrrrd z.z

nrrrd 2.2 ?.qn :n ?uqil xo{: suufi6rdrurell 1o (pcrra-n)

cirurj: c nouxo{:uuufi6r5ruroyl 1o (pcM-FI) lu: n,il'n:uriluud Honda wave

1l0I ndo{nrrqu,oiuouud (ECM) oqjlusirurrj.rriru{r.:yir.ro',n,of uuoudrfioilo.rnlunrrr
9v-'fou n"":sr::ri-l olarfln?hfio (Tp) et-?et:?of,uqnnrAfirflo.:lo6 (rar) ua&a-?el:?itf,un:ruqq

Yl

rq"'u (t\4AP) tvst-netasfidorlo66nri'urn6o.:uupi or-'rn:rri'uqonrqfiriuiurnio.: (aor) osfinsr'.rfi
tt-ieu4)

otldrriurnSo{ et-?et:?0flu olf,lto{anduttayfl?turi': (Ignition pulse Generato.) 6srsi.r firru
t d u4 - -a !'; A lo r h d I a ^ 

Y

urirufin fi-?fin (Injector) 6nsr-.rfirn5otousiludo.rlo6 noodln:ylfin (Ignition coil) n-nsrtruu

rnto.ruugf rt:rfiuu (Spark ptug) sr-n#l1u#0.:u.rr1rr? ,iutilu-u (Fuel pump; wornnslluo-t
'o-All4uugoraLoju'luu tT'loljo{nu n1: Qn tuu nlultu {ln 1:9t9t9t{tldn{ luR'll,tyl 2.3

lgnition ctril

*



ou'uoorrq*o$*uu{

rhruooryr6.r

+
a

o',nd z.r ri:urJ:vnou ro ir : vuufiirdrrov{ ro (pcrra-Fr) lu:0,fr,n:uruuuei

z.n ndolnarguruiuoour{ nngine controt modute (ECM)

nriornrugurnio.:uurf (ECM) riruauo.:naror:suufinrf-,r,'urds,nfi.:uuufi616u

ro}l1o (PGM-FI) rflukln:nouIm:arnoffirJ:sno:LtJuurorngiln:armr,:a-rf,nvr:ofind 
fiy A-t'turm:uaryqtueit.tl 0lnst-?st:?0,fr'udtyqrarud'rrirhJrJ:rr.u^u,nou&iirr#rriu,do*,rfi0

ttasritruno-'trrslunr:tn:vru-,1#fin?lurlrulsdulu4nanrrsni:r{xrurocrnio{uug{rnio

nr:rrr'lu rIfi auq:ai nrnfi z.a

F.



nmd z.t nriarn:rquroiuouur{(rngine control module: ECM)

n ri o r n r u g u rnf o r, u ei (ECM) n ? u n u n r : r{r.: r u t o.: : v r u rir nyu u a s : y u u r Fr

:uru'n Inu ru'ofinr:iloulv{flruirhJlur'rr:Inurflnaind(tgnition 
switch) 1J:rrn:rosn:ro

n?'lrur't'nilnn'to'rgrJn:oi ri'rfinilnst'ov*an.:#ryqrun'nilnE (Marfunction indicator Lamp: M,)
rrn ilnsr'rynruguh{rirrdonrfi,:rirrru (Fuet pump) rnioinur:vniuu:{o-u r#ornfi.: eg4 Kpa)
o',n#u6oosrrivrrnio.ruugi r-:fin (Injector), ri:rrdorvrfi.: (ru"t pump) rravnoodEn:yru-n
(Ignition col) rvqnneuqrurr?rirrrulnun6iuoorrguoio.:uuoi (ecvr) i:.rrio{a6rq, u.ln
firi?un:rt'D"urJiuratornrg (Sensor unit) ,duo.rqrnr:rirrrutosrnio.ruudl#rHrlnri
auq:aifi qn uanqnr:vr"r,.,ur..,ro.,rrd z.s

8
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n m d 2.5 r rr.r u r.l-{ n r : ri.r { r u I o { n ri o r n r u q u rnt 0., t u d (rcu)

z.s gilrn:aoffu (Sensor unit)

fr n rir fi fi-l #qqr or n r : nJ6 uu *rJ u o, u o,oi u.: u u ei ua s o r n r f, ri'rfi n o v ii r u,ir niu
ld'riuri'o':f*?ao1nrfl ornrfiurryof *acruni:rn:vr:r'nndooo:rqu,oio.:trur{ (ecrra) do.:f,
el'tttril':tlol qngurfrohialur:oln:srfinrrnf oroupih{rir.:iunrr { fln:oosrldrfio}{
rfi n a r u a r rg : ain ci o.r n r r q uoi u o u u si (ecu) do.: f rky n r l u n r : rir.: r u r u o,of o o o u ef ui u
n : r ru io u rir uiu rnt o r n r : u., 1 u rIfi hi a u r1 : niril u piu d r fi 16 u r ry o $si o I :J d
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2's' I 6'an : r o flu qal?r 4 fi o r n ralu vio'lo6 (t'tut" Air Temperature sensor: IAT)
2.5.2 iltm loo"'u n a r ru nyu 1 u vi o 1 o6 (Mani fold Absolute pressure Sensor: MAp)
2 -5 - 3 CI-en : a o f,u air r *r ri,r o{u ti,r (rnromre pos ition Sensor: TpS )

2. s.4 dtaz lr t"'u g ar u 4 ru-rir nh rni o.r (Engine Oil Temperarure Sensor: EOT)

2'5.5 gt-lst:?t'il'lsirrtrrj':nrnrrTorria{ (crankshaft position sensor: cKp sensor)

2. 5. 6 gt-t gt : ? t,o"'u n r : t6 u.: 1, o { : 6t (Bank Angle S ensor)

:ruar,6unn-.rd

z.o fra gr : a o o u q ant 4fi o r n r gluri o'lo n^ 1t n tu r." Ai r Te mpe ra tu re senso r : IAT)

ril u g rJ n : nifi l #rt r r ;u or : r r,r"'u q nr r 4 r- r o.r o r n r fl fi u : : l rrTr n : v u o n q u r ra e
nJduuriludryryrarlv{flrriqrirnriorn:uqrurnio.:uuei (Ecu) rno:Jiur:J6urrruuju,lunr:
finrdornfilhflrnurcarrilganr4fitr.tu',n',afi,rJ6uurnJa.:'lilsl-:sr:,r0,il'u 

(Sensor) rflusr-r
It Ao r .,r{tumrufrildrneurirumruril6ouuila.:nurqoruqfi rru^oqnrrqn-rdaouuila.:rirnerldrumru

ovr:J6uuuiluod.rora',rr:na$r.:ii'tyqrar ourf;on,fiu,ilu6urlvrtr?nrio.:orrqu,oiu,:oud
(ECM) ld d'ryo'nuoinr: rfx run rrun infi z.o

.?o 
;#ud;.,nr* "., 

roo

or*d z.o sirfl::of,,,gorrqn-ornraluviolo6 (tntake Air Temperarure Sensor: IAT)

z.z fian:aod'u n anrfiuluriolod (Maniford Absorute pressu re sensor: MAp)

o yA
rir u rirfrsr::r inrji rural o rnrflei?ern r: n: r o f,in:rruniun roluvio 106 *d:

nJ6tlurfluri'tyryrorlr'lflrtt:.:niuhirfiu s Jraoi ri.rrrhnrio.:nrugrurnto.ruusi (ECM) rnioriruun
:sust':arlunr:finrdugrutoqu-':fin rdonrruriunjduuuila.: u:.:riu1y{flrovr:J6auuiln.rrilu

.:
!,
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dqryrar ou16on,nooriludurlvrhflri'unrio.:nrrq,oduorud(scrr,r) 
dryqra*ilu,5;sri,n:rr,l

lunrrrfi z.z

Output voltage

-rtl.
Vacuum

ontn* z'l frlant funrrruniuluviolo6 (Manifold Absolute pressure Sensor: MAp)

z.g ffan:aoil,sir*r,uqdur*r (Throt e position sensor: TpS)

o crAritrritfin: atf,iaittrrilrnt:rfloro.:#uri.:ud:ri,:rflu dqqror 1r,lflirdrneior
o"q'todu'ruue{(ecu) rfioriju{oxnlunr:ii"riiruriinhrdourfi.:hi'fin:rilr?'Jlvflunirnrir

doqnr:tolrnio':uudlun*r#u *avrilurToxalunr:drsr-nnr:iiru#rru-urdorvra^.:rruoor.iou

niurj.: Inunr:n-Eourfiardryqrarriudcyryrnrn:,,T.r:urruo,o*r.:uuduavdqqrargn*r4fi

to.:#ruturn3orn-:,::ofluei,rurirojurir (Tt'ottte position Sensor: Tp)ryrilud,:druvrrufi
arUt:n:Jfurirldrlcofint:il-nR-utjlnrr,drumru oyanardilrJrirrflu:.:o:afr.rdqryror
ourf;oo,noorfluaurJvrtrinirndo.:n:unurnio.:uuo{(ECM)dqqrorourf;onfiriro_svuay

n ri o'r a r u q l rnS o': o u ei (ECM) o s rir hJ nJ d r u r il u #q q rE fi in o n r u 
.r n l 0 fi n rdo il : y ru : a r.r a

cio 1ila{r:rfiuruo$uav#ryryrauilu 1:Jn rrunrnfi z.s

o
aDog
o
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n 1ild 2.8 sr-rfl : ? n'fi'r n"rrtr ri r aju ri r (Throttre position Sensor: Tp)

z.g fian:aoffuqorm4firirr?urndo{ (Engine oir remperature sensor: Eor)

-p- --9 A q 6 /ritrritfrsr:rn6'ugoruqfito.:rjrnYurnio.: u#:nJ6uuriludryqrar'lr,lflrciqrTrnrio,:

o"qu,oiu'ruud (ecM; rniorn'trtoanilSrrunr:finrrirruiurdourfi,r neirrdodrtirru*urnio.:fi
gatr4ru'e{rnrio':nrugrurntoluuoi (ECM) rvahrirorfrriurdornfirrurntluei.rsr:rtriu (sensor)

rflun-:dtuvrrufir:Jduurirlderrruqnnrqr- rfioqnrrqfrnJ6ourr:Jar rirnrrldruyrruril6uur,Jar
ttavdrrursiorilur.:t:air.rri'ryryrar ourf;on,n'oriluo'urlvrh{nriornauqu,oiuooupf tacrra)
:J:vrurana e.:o:d'rn:rof,u lsensor) unv f,ryqru uanlluninfi z.q

,rttd 2.9 gr-:sr:?r,il'lgarrqn'rirru-urn*ot (Engine oil Temperature Sensor: EoT)

2.t 0 6'asr:aoffusi rrmri.rrn ur{unrdu{ (cran kshaft position sensor: cKp)

THR (R)

1200

(1) t0o0
(.,

E B0l
1'a
I in 6DO
lo
le .n,0

-l no

Ternperatuie

o yA @ Iritrftfrn:rof,un:rrurBr:ou,of oruud ud:ri.rrflufirgryrnrlr{fliuiinrio{n?uEU
rn*o':ausi(ECM) rfiorilurToryadugrulunr:rirursro-rr:yuayo'n:rnr:fin#rru-ur#orufir1{
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-sd4it,trulcduti'un?luG?:outo{ltn5o{uuei uovndo{n?unurnio{uuoi(rcu) ti.rt#ei'rg€Urild
or,----i^_"_-_s_ojjr

uonn 1t[?ru{1o{Qnqutvlorlru ratr to{u?s ln:vrilnfr rfl utvdufi qndtr furrsiacaRt?sfl .l:
c .l tA j ! dvt-tqru1lortnSoluusi tuotnSo{uueirtudou:.rnrior (Flywheel) nsuryue??u rlascflgfiti,rro{

enqunedur^r-ufri'u1nfiafx1fludou:{rfldu{ (Flywheel) rirl#arrur:ndldruerrs{uon
oq

eirur il r r o.: e n qu ld dcy q r ar r ra v r.r o : riJ u t rJ n r u n r fl d 2. I 0

^---. d. -^ @ v o r gt ARliln 2.10 gtlgt: ?! 0u9itttuu {til at{olilJu{ (crankshaft position sensor: cKp)

_vud
2.1 I 9l?91:200un1:[0u.tflo{:CI (Bank Angte Sensor)

^g- ---y { s d .d c aro trirr f tfr n : r t t'u n r : tdt .t lJ 0{ : 0 rfr o hirn n n ?1 ru il a on riulu n : fi : n dru Tn osr-l
q A I o h r* 2 h . -- . :

er:?0tr-unr:rdu':x0{:CI0vriqu:.:nluTylflrrJ:curu r 1:nsi 1:Julqnrnrio{n?uqxrn;o{uud

(ECM) rdoolatnt:16u.:fi.:lnfirirrunl{450tsr urioufl.:h?vr:u'irrnrvd:noqjludnuary16u.r

n ri o r n : r q r rni o.: ou e{ (ECM) fi o s & hi: v r u fi 6 16 ru ro r l 1 o (pctra-rr) fi q n li.r.:.r u r{l u n r :
ilor riu 1r.l ln rilu n: fi : n rfi n ou6rr n du

@
Flywheel

CKP

s-
Flywheel

F

io@
nmfr 2.ll n-?et:?rf,unr:r6ul{o{:n (Bank Angte Sensor)

+



t4

z.tZ zsuutiarnic Fuet System

nriorn auq urni o{ou d (ECM) ov n ?u q tlnr:rix ru r o.: rir,,du,vr uo (Fuel pump)
rfrorYurirriu}Jdri:6n (rnjector) Inufi cr-:fnur*:r6,urlrn-ul#nrfi (pressure regutator)
il:ylru 294Kpafi st-rn:orlitriu (Fuel suction Filter) floqniu?.ran:J:n lu:vuunrio{n?unu
rnSoltlud(rcM) 0vn?uqruni:fiu,#ontfi'rlnrunruqrurt'rfinrdrudryryrar:vuyr?nr fi,nr.,ro,
nrul:J:un:ufi#.:1i

Presure regurek r

AlRrr-l-r\ z

Fuel pump

Fuel feed hose

Fuel suctrt.rn tilter

nrild zJ2 ivu,t)tdo,na'.: (Fuel System)

n1:r'lltlflfdr:laln:nrflou6onr::rrusr-rto.:nrfuouriuoonfirouuacloln:tou

riuo onfi murfl u IrJsr rt au nr : n-.:d

a*Oz :CO,

o-n:rdrulna#tiltin

48lf:o lKs +f te

12Kg+ 32kg= Mkg
2:3- ks
3

(2.1)

Combustion chamber



F

2Hr+ O, :2HrO

o'n:rrirulnurirnrin 4kgHr+ 32 kg or:36 kg E o
u3o tKs +8kg :9kg

il"n 4o 411 
,

luotnrs r kg fi o, rJ:vruru 0.233 kg 

2 z'44+ t'26:3'52 kg 
foryn#" o'dr,

'o-drriurrufru (c7 HrJ r fiIoni,rfio*rr'lur?arux:ai6,reio.rnr:ornrfl ls.l07 kg uto r:rs
nr:iiro'dorn6'rh{rnio':uusiiirurdorvra'.:rniol#finr:u.n'lur7fiau:g:ninr,nunr:

nt:mrt'lrrIInofio-n:rdrurirriusioo'r'r'rfl l:15 nr:rJfiLgurcrflu'lilnr,n:ry,lnr:#u,Jfio.rt-uluu

n r r ru du nJ 6o.r rdo ryr fi .: dt ril I s (B sFC) n r,ldt r n

BSFC= 
WI 

XIOOO
BFIP

l5

(2.2)

(2.3)

(2.4)

<>

a
si
lnuyt

BSFC

si
lnuyt

BHP

'r
I-

N=

n :rru du nJ fi o.rrdour fr r iir rn r v (Kg/I(wh)
wr ,ruru,,dun^rfi.rfimr1rrinrunhJ (rgnl
BHp = rira-qru:nfitniorousinn-n1d (w)

rir a'r r?r r u : n (B Hp) r r r u fi .: ri r a-r r?r fi rni o.: u u eie.r 6 n 1 dn r 1 dt r n aru n r :

BHP =27rTN
6000

rir dr ru : n fi rnt o.r ou rir.r o'sr 
,l 
d

Jurruul'rr

n r r uri :: o ut o.:,nf o.:uu d

(w)

(N-m)

(:oururfi;

@1)
Gff,'

F

admin
Rectangle
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? GL

-6
rl
-c
qo

=
(c

6rrt
@

IE

-
D(F

G

nrrrd 2.r3 n:ry{nr: dur:Jfi o.rrirriu

n r : rr.r r'lx r1t o.: ru u fi u no o

C, H,, + 12.502 :8CO2 + 9Hz O (2.s)

rirtv}flrj:vntin#rriurnio.roudtvh?ririi'rriou drduuJ6oqdon^rfi.rostr?ririi'rurn

2.13 :uuuqo:ytfio Ignition System

n ri o l n ru q u rni o.r u u oi (ECM) rinr rir fi ii r u dq ig rfl l il fi n o u dq n : r ru'n (rgnition

coil) Inu fudryryroreirurrl':qnqurrn rdurryoin:ro'u"'ueituuil,: (crry uayrdurryoi6u f
j

n]rifl]y{Yt2.l4

t

-=-\i' :i"<\ :J\Q*, ii iw
il
i;
lr

inrnfi 2.14 :suuon:crfin (Ignition System)



=

G

G

l7

d4
rnsoluuci'+ t-lrasfinr:rir.rrurflu'hlnru i0o-nr oonlgfl o-.:urvqn a-g r-srrsdrr

g-c {'lrrg:grtl-n c-o traco-.lfl:gntu D_A

I se

dnruii z.ts {,0"'n:oon loi'

sm
iDA
!

e-g n r : o'n r tr urto$r6ouusr-n dty,ld

r2 ,,(7)--'

g-c l#n:ruiouuuuiliuru,ood

Qo = wcr(Tr- Tr)

c-D nr: Iurun-atorttffeov,ld

r, ,_(?)_

D-A nr:nrulorfruryld

Q* = wc, (T4- T')

si
INUYI

w : rirnrinnrolun:suonfl u

(2.6)

(2.7)

(2.8)

(2.e)

VOLOH€
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cv : n?ruioudlrfl lslorornrnfi rJir.,urood

1: qorr4u-drurg:oi

tcldrj:yRminrrr6'.rd

ee-enrl:%

i,
ru o n r :J : s ?m i n r n n r r ru $o u r i n o-.: r a r 1 n : v rfi n ua c r-.: r,r r s n r u r s ld

n:1_(T+-Tt)' (Ts-Tz)

-'

lVra
ttlo ;; fr o dw ntunn ilafrtt o t tE u tm ntulu n ruu o n {u (compression Ratio flt 0 r")

:J:c?mr'nrilnrruioulugrJ r. tv td

1-rn:1

(2.10)

(2.tr)

(2.t2)

(2. l3)

(2.14)

nr: hfln eru fou (eo) lu n-rr rv 
1 n : v ru', g-c t srfju'liln ru aru nr:

Qo = wcu(Tc- TB)

nr:nro'lorfru D-A

Q* = wcu (TD - TA)

,rou w : dirfnnrolun:vuonqu

c, : nrrruiou dlnrsrorornrefi :Jiurn:arfi

T: QarrQUdurg:ai
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rJ : y fr vrr-n rnrilu hjsr rru oru n r :

N:T
rfi o r r rJ : v fi m i n r n n r r u f o u r r n r-.r t r r v 1 n : v ru- n r I a s 0-{ fi ? y n r u t c 

.r 

d

n , _ Qo-re)' (rc-re)

tfr\ fio o-n:rdrunrso-nsr-?iro{ilirrn:nrolun:yronau (compression Ratio tfro ,.1
rJ:yfr mr^n rnn:rl$ou lug rJ r" ov ld

?{ 0 : 0 n : y ru-n l u : v u u fi 6 16l royl l o (pcM_FI),u.u,of u o ru oirir.: r u n ri o { n ? u E U
rnSo':auoi(ECM) ilii'ryryrar rirtnni.:gngu0rn cKp rndorJ:sr:naratiru,lv,lli (rgnition co,)
afiflr:.:ri'ug.:rfioair':rJ:vnrullflunr:on:yrfin 

r6urryoiodu 1 rirnr?rfi ,iofiruqru,l{nrio.:
ot'qtuiu':tluof (ecu) tndost:':oo-rnrrrn'n:Jnfi niu nrnfi#qqrarornei:n:rrf,inr:16r.r
(Bank angle sensor) ndo':nrunMuio.ruuri(ECM) rysr-nnr:rn:srfinrrnioilo.:riu h{lrrTrrnv
r6u rryo $6u 1 1 f1 u n r : rJ * u, o 

^ 
u,n*o r #fi n r : rp.r r r u r?fi a, r; : a( n r u n r il fi z. r o

(2.1s)

(z:e1

(2.17)

.-r

F.
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d
nl?rii 2.16 ?{r::yuu09t:vlun

2.14 nzsu1,unl:dlfffi lrJBUru Air charge

Speed density (l#riu:suufifi TpS sensor + air temp) Air charge ritulamrn
garrqfiornrgtrir (air temp sensor) o.:gra{uiJnfirdo (rps sensor) ldrirurnr Rrryro{
rn5o'raudtru, ,uuof u.:uug{RpIrI d#n"ru'lnro-Er:rnr:lnnrfirrJE1rn:) :sosrearlun.r:fier
da

tTolTIa{

nr:ritu':aril3util otntflua&:vusr?arlunr:finiiru ,do,r,rfi,:ilStrsuornrg dqr:r

ffl yuet :
lTlair

(2.18)

|n a 9 a )a r I
lfl n rry{ u ?ar o s o r n r gnir rT o fr G o n'i1 Air charge ar u r: n u r'k?riru au n r : el-{ fi

AFR

)r, = Po"xQo''" 
AFR

AFR
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Inofi

p: p",Y.",, M

D-P
' otr 

Ru''To''

z.ts luln:nouln:araoi

(2.Le)

qilduu?dl{ 1 1o': PICI6F877 firir& :s rirags rirErurrfrd'rrirudryryrrurunrqn
(onr{u rira*.:n:cInn) rirrrud:un:rru6dryalrarurfrnrriruri h{Er:rrud{ 20 MHz
r.ril:un:rrudrJ:J:un:u 8k (14-Bit words) urj:unrrruornriorynu:rurtoiiarnof ros lupi
ndrun:rrutrnriorya66vr:ou 256 'luoi nouauo':dryqrnro'urnoff:Jpi ts r*rrir :.:o:urrr:of
oouStryn (PoR) au6n s :vdu turr:oio':Jlvrnrof (pwnr) ooafinrarfloiaorfsro,rjlm*rof
(osr) e.:o:ron{6onlvrruof (wDT) xr:ooa6ararnoflust-: r6on:sntilolnr:r7oryad.t
Iil:ttn:u Iuunil:vttu-nnftltu arrur:nlil:un:ldrr:wi'u +sv. urihisr-:}J:rrn:,lumri:,
n:ur rr'iru n oinrfi u.: z rr drun: vu ?u nr: (In-circuit Debugger: rco) fifi gorr r: a eiru*as
dt-.
*ruu rri':un r rru o r I:J:un: r Id n: v*afr .r r{rravvo fa zsma.':.:niu +z 6r +sv. l#wd.r.rru
rioondr zma. fiu:rn-u +5y.,rurorlrd 4Mhz.2ot)A.fiu:.rriu +3v. unufl?rrud rznr. riou
n r'r t pa. lu In l rr :J : v r u-n il a-{ { r u fli o aun u du r u
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MCLR/VPP --+
RA0/ANO <--=+
RA1/AN1 <----_->

RA2/AN21/REF- .r----->

RA3/AN3A/REF+ <----r.
RA4/TOCK| <----+

RAS1AN4/SS <-->
REO/RD-/ANs <-..}
netnrunyeruG .r--+
REzcSiANT €

*.....*
VSS >

OSCI/CLKIN -=+
<-
+--;
+-----..>

<---->
<--{>
.{l...-.+

€

<€

<a-----{-

{*----+
H

<------.>

€
€

RBTIPGD

RB6IPGC

RB5

RB4

RB3/PGM

RB2

RB1

RBO/INT

VDD

VSS

RD7/PSP7

RD6IPSP6

RDs/PSP5

RD4/PSP4

RC7/RX/DT

RC6/TXICK

RC5/SDO

RC4ISDI/SOA

RD3/PSP3

RD2/PSP2

.<t-.----.>

<-_-+
<----l>

<-----+
<H

€
€
<.*---->

+-
<--
<__>
€>

<--*>
OSC2/CLKOUT

RC0/T1oso/TlCKt
RC1/T10St/ccP2

RC2/CCPl

RC3/SCwSCL

RDO/PSPO

RD1/PSP1

Vr = 0.6V

CPIN
5pF

nrfld 2.17 ?{o:ltln:nouIm:arao; rcF877

ILEAMGE
t 500 nA

CHoLD
= DAC capacitance
= 1209F'

VSS

ll
2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

sN
€
N
F-
@lt(o
F
C)
(L

40

39

38

37

36

35

34

33

32

31

30;

VDD

61{tl

1l

; L: +_ tnrernat

;{,*r,o \l- Losic
:it '. u I

14 Prc16F87X

Rrc<tki
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unm 3

ada-iqun:utray?Enttiloao.l

ad au
3.I ?[nr:?ou

q av a. --._-_4_4 a q JA r stu nl : ? 0 Un] : f, nU ]ttaU fl fl u'l : & U U n l : n ntiorn a l t o.: : o d'n : U t u uu ei rfi o il : v r un
-l - 4- 1 t-A- 4.- -, d d_^=--_ e J v 4u'luu u?91oil:ud{ntrlorinul:suunr:anrBorila{ro.::od'n:utuuu$i unsfliolut:uuuntran

r#ornfilh?:J:vuu-nriruYu rJiruraudornfi.rfirirutriir.rnsiorirdrro.:,nioruud n'r:fl?uqunr:
4 t ad dr
ilnrfron^rn16.:rilunr:n?uqruririi'.:uo{rn;o{uudsiro lunr:i,il'udo.:Grudufinurnr:n?uEU

rn3o.:uus{:vrlufi6rdlrov'l'lo (PGM-FI) Inuf;nurffinr:n?ufluil3rurarr#orr{fir f,nyrnr:
vt'r.:ru uaed?uil:vnouro.r:suu 0rn#u oonuuur{flu',1#rrrrfi6r6uroyllodru.r:6r

rJiu:Jg.r}J:ttn:un?uqurJBurs,rdonrfi.:'ld ruiooonuuuair.:rnio.:n'oldude6.:vrnaorrftuu

I il : t r n : t tni o n r u q ru l #tns o r u u drJ : v u u-n rir ruiu r r a s m n a o r l #r r u oS .r n r ul-n q rJ : r a r ri

i I ddd n
t.z rnSorsusi:vuufi6rduror{Io (pGM-Fr) iilfflunr:no sou

rnis.tuueifil#vreraorr{lurnio.:uurir,o{:nfln:uruuuei aoudr r:y,l rroi r{lu
--i---- l - u s I 1d I 9trl:olltJusl 4 d.:l't?vttuu lotloitanlrnilylyhi:yutun?tuf oud?uotnln il3lrn:n:uuongu
109.1 fifi:vuuriru#rriuuuurirfin (pcM-FI) o-n:rdlurr:rd'n g.o:r i,u.rnn?rrnixn:vuon

qrl 50 finfirusr: rirt'i'n ss.o fiafirrusr: :v:Lut6ofuuul:nr1(rfioiru) q ftdy:suula:uru'n
ttilu Digital rransistoriz"d uunrnoixula 12 v 3 AH uu:tu#.: ur.,uq,du,nfi.r :.2 6n: nr:
rJiurJg.r:vulInufin#.:nouIm:nraofriorrnnrio.: Ectvr oqjr?r.rer'r:n ud:rrrnrio.:
noulm:atnoildrlrsarur:nilouIil:rrn:rurr?rlnuiro ru^ohjsio.:nr:1#,:ruarrur:CICIonoon

ttlt j
0ln:cuu tfi 0lluRltryt 3.1

,.
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jit
Rlfln 3.1 rn:o{uugtYtnflou

3 J n r : flier u r : v u u 11'6 r6ru r o v'll o e G M - F I ) ( : o i'n : u'r u g u p{ H o n o a wa ve l I 0 i )

I

a

.;

lunr:nYorur:vrufi6rdlrov,l'louriorjiurJ;.r}J:rrn:runr:finrfioryra^.:ld'riu osd'o.r
I u a t, S /S C gq 66t:1{:suurl?unuil?qnn?un0u Im:ataoi lnulfdryryrarou4uornstisr::oo-u rrny0tnro'r

', " 
a t ^ e

qvllJo{nao.:nrunrutnToluu$i (ECM) ririi'rycgrnrduyJytyl-{d0.lur:J:vru:arunr1ruJrJ:rrn:ru

rJ :, r,u-r',don^r o {fi aYr{du}.r ri n rylfi 3.3

olnd s., n r:vrioru'r:suufi6r6ruroyl (pcv-pt) (: n f,n: uru uur{ Honaa wave l l 0r)

l.l unurYr n r : ri'or u r : v u u fi 6 r6u r o r.l (p cM-FI)

nr:rf,ruur:vuufi616uror,l1o (pcM-Fr) Inunr:afr{?{r:nouIma,uofrfio
ftJ:un:rurJ:vuu-ntdornfil GudunouJm:arnofovr6nii'ryqrarl#nauquri:finornnrior

rlurroonr6,r

rislu r: luun :u n !rir q'a
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n?uqurndo{uud (ECM) (Y:Y") trnfiocfufityqroreirunrirn-urir (rp) uavdruEUrru
nauqrur.r-rfirrrrnnriolnrrguoiu.uud (rcu) (y) uasrJ:vuaaruar1aul:J:un:ru:J:vuu-n
!-

rirruu (save Fuer program) nruq,m-:finri:,drgqrarfirJirrJg.rdulnri(y,,:y_y,)

3.5 nr:ilerflounr:rixrurorndornargrrorouoouri 
lrngine contror modute: ECM)

a,n1:fl?uqunr:finr#0,nfi.:tor:vrufiirdlrov{lo (pcu-n) ldnrio,:n:rLqru
rnSo':uupf (ECM) lunr:nruqurrrudurnfi.: d.:nauq,nr:rir.:ruruory,,duryra.: rrny
n:ugrriafin nr:nterurnr:fir,,do,nfi.:d.:do,:finu1nr:n?uqrunr:rirquro,rf:fin 

,u-uoo.,n
nrioInrunurnio{uue{ (ECM) frIil:un:urailrv1ro.:uifvr{nfin:oriu r nr:f,nu16,ro{o.:
mnao{ irn:rvrirdutryof fifinrorio:vosnarnr:finrdoryra.: ffinr:finrdorrrfir rrau:yuur?a.1
nr:fi n,#ourfi .r InrorirrTory a r rnnr:finu lurmn fl ourrnvirn: ry# ri,rii

noulvr:araof

olnd l.s unu rirn r: yrYer u r : v r rfit r6lroy,l (pGM-FI)
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r.s.r ffryqrarnr:6orf; oru6suavnt:oo:vrfi o

dryqrar n r: fi 
'rdo 

rn fi .: rilu dryry rorg rJ?ru 6 a ru fi : s uy,a rryi r n1u : ms r ro u fi
tt:ldu s-o-s I'laef dtysulunr:ln:vrfio riludryryrargrJfrru6oru fi:susnd-r l2 ms rr:rolu
s I'l a oi rix r: a r n i : G u6 u,do,n fi o il x o r n da r r? a r n r : la : y ruer s0 rns

: Y U v t? n'1 fl 1 : fi n rdorn fi 'r'J r.: 16 u tr r n d o r n r u q ru rn3 o.: u u oi (pcvr) ii r g rdo rn 6.: riJ u
-ildaj,^-et?nl 3 ms cxilulflfl':rUxurutri=utnSo.rrJnn orng:Jii'ryryrrufinr:finrfiornfi.:riount:!n:yru-n

4nni'rd.rrirhflrj:srtt-e,dornfiqrrr:rvfinr:rir'lilmr1flrivr3.:muo r.rrn'hifinr:finr#oiUor..,o

'i'lurslsr{rt#rnioltluoiavqrr :vuvr?ar0rnnr:fir,r#oryrfr'.: ou6.:nr:1n:vrfinfifi:yoy,aifr
rvirniu lunr:1n:vtunfi:sostr0r l2 ms ,u'u,o",nn''rafrsil:ynru'[v,lovl#nr:er-nn:v*d'l,{flr
dyr , 

t, '- "'. d rYudsll I

friJourritnoudon:vrfrrr (Ignition coil) "ilx:socnoin-lndrrrfiu{r,{ofioyrirhflfinr:opr:sru^q'ld

riJu'[rJnurnrr^rfi :.s

ii'qqrornr:inrCourfir

dqqmrnr:1n:;u'n

-^-.-s^ , d d 6
R riln 3.4 fl rUrU Isl n r : q fl rBotfl o.: r rn c n r : o n : ; ru-n

3.s.2 zz?tyt-tarnr:fi ordon r6.rdnarruria:ouoir.r 
1

' 
n1:H1:vuct?a'lnr:fintdotnfi.rfinrrrrEr:ousirs 1 Inunr:rJfun-urjlrfiol#

'u''oiu.uuuigodu 
tr#rriufin:sust?0rnr:fior#ourfi.: rnooriosnr:rrrlorynrfiorri'rnrrrurT:

:outtns:YUvt:nrnr:fiflrfionT filInurirnr:mnno.: dru:u o nfooi'euorrrurErd,,rnsir.:ri'u fi
d ^--,nrrutir 24061o1J/urfi 'kl:susr?ar 2.3 .n, dnrruri 12620:ouurfin.rr,rBeqrn.:'rrfiru t ra

:ouruifi trqi:vuvrralana{tfifio 2.04 ms finrrrurf r 2635 zou/uifi'ld:vuyr: a12.2 -, d
d

n:rrur5r 3l 14 5ou/urfi usi:vovr?ar ana{ nrfio z.o *, fin:rrrT -) 4428:oulurfi :yusr?nl
nno': tfifio 1.8 ms finriu#r 5$2 ioil/urfi ld:suvr ')a12.4ms rravdnr rutlt nge:ouurfi
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'ld:cusrrar 3.4 ms o1flr^lant:Ylnao{n?rur3 12406:oulurfi 6l s+:z :oulurfi 'kl:sucr.lar

rJ: sru ror 2 - 2.4ms rvi r#uunr'hinJi uu u:J n qnu usi fi n r r l rE')7 29 6 i o1,r lur fi 'ld: s uy'a r
YY.

3'4 ms vt-lfiru'olornntrlrirdrneirafinr:rJfurilEouniurjrfirrnn.jrr6u d:un.-.rr,i16, 1
uvr u hi fi n r : rJ iu,J6 u u nlu ri r ra r u^r : r s n r r ru ri r r u o,oi u o o u rio,n"u dr G o u 1
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3. 5.4 : y s s r ? a r n r : 6 o rfr o rn fi qu^ o ii n r : rJ Yu sf r utr ri.r ffu ri.r
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3.6 R1 :nfl fl oufi'an : ao ffu si runu.r6uilnfi rfr o (Tp sensor)

R
vo,,{ _})r,*

Rz+Rz

" 
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nrflyr{ 3.8 am:finiruur
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(ECM) (Input y) rruaonziororrquoiuluupi(Ecrvrl firuflnrdornfiI y :r noulm:nrnofrv
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Sub( Save Fuel )
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nrild 3. 1 0 n r : rir { r u i ?r nlu r o.: n o u Jyr : n ro o $r ra r ndo r n r u q u rni o.: uu r{ (ECM)
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3.r I nrrfiosrt{nouln:arao{1u: ofln:u rusud

n t:sioatun-n#rn ou lvr : nra s{ lu : yuufi616ruroy,l'lo (pGM-Fr) (: n r-n:uruuud
Wave I t0i) uan{n-{olrrd :.t2, :.t:

---i--- . a J s trnlilti 3. 1 2 n r: ei o druer-nei'.: n o u Im : o ra o 5 lu : su u ffi rdru roll 1 o (pcM-FI)

(:n,t'n:uruuuo{ wave I loi)

o',*d :.rr airuril{n1:eiodrusr-nsr&rnoulm:araoflu:yrlfi6r6ruror,{1o (pcrra-rt)

(:nir'n:uruuupf wave I loi)

Controllcr
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3. r 2 uu ? fi o n r :rJ: y nrlo rdonr a-.r

ii n r : ii r u rdo rx fi { r, o.l : c u u fi 6 r 6 u r o r,{ I o ( pcM_Fr ) #u n ri o.r n r u q ru rnd o.: u u d
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.1lurrrj..:uue{(ecu) 
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If (TP=l.TP>l) {T=2: mum;l

ff (TP=2,Tp>2) lT=j: mum:l

lf (TP=l.TP>3) lT=4; rcrum;I

If (TP=4.TP>4) lT=5; mum:l

lf (TP=S.TP>5) lTd; rcrum;l

lf (TP=8,TD8) lT=7: roum:l

lf (TP=to.TF>t0) lT=8: rqum:l

Leps l:

nn^rd r.ts rrruur.f{n.l:il:crrl-ndruiu (Sub Save Fuel)

nt:rJfuaolnr:fiprrdorna.: ri'0.:hi'oqjluo-n:rd'ruftryu:yr,,?'-r.rornrfllrnerdory{a.r

lud?{il:vru-nnl't:vuutnt trnnttr fi z.nlr6la{n2'rud'uv{-uf:v?rdt.rnr:du,Jn^o.rrdorufir

travrira-lrhfirnio'ruueiflfisrld'luarunr:fi 2.4 ririi'lr?ifiki'rril:r.ryusrru:ru-ndirrfior0rnnr:rr.rl
'lr:Ito':ornlfluavtdotilfrl ttuutfr.:rdu rrsilunrflfi 2.3 rru'ofir1irurardruruaruro.:rdo*,rn-,rfi

urnriunjr tz: t rira-s:ll0vnaa{ ohru^o':rrnnr:mrr.lnr?fihiaur;:oiriofiornrelirfiurfloeio

nl:tfll'lilf nluclunltnt:rnrrlrrIfi 2.5 oiliu nr::Jirgurnf oouuriroo:yurLfi616,rov,l1o 1{
ldrira'':g':qntv iirurdotnn'lluo-sr:rriruna, l2:l e'ruJ'rnfi z.t: lunr:mnaouHrrirr?al
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01nr{an1:vlnooq rJ:snolriln:rr,lnrrrudlr^fluf,:sr-ix ni:durnfi.rrdo,r,.raluardrd.:r7rru:n

j
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rulu6{nt:rJiugurirnlruo,of uooroiqrgnrtunr:r-orirr:nrnr:fierrdop,rfr{#ufirir s *,, u-rr.,

d'rurqaruro{ornrfleiordonrfis rz,r ,rou,oiu,uusifin:rurErgod,du,urofirnr:sneror

tn:O{uuel0c1J:u?unla{mnt nr:lfritdlg.:gnfroin:rdunJnolrfiop^rfilairan fi:suypnrnr:
, & A i o- r 1,

trotvotrntal 2.3 ms dliloln:rci?uilfluolnrari'urfiorvrfil ts :l nr:iliuanrirnarnr:fin
v

tf;orrr6.: oqjrir.: 1.5 - 3.8 *, drtr,{ludsr:iriruHflrornrflrrar,#o,nfio .frr ts.+,r - t4.2:r
j, igt'lugt1:lilyt 3.5 rtasR'ty'lyl 3. 16

-^-- -<^- | a , I a r - ,t
9t l:'t{yt 3.5 n t ost : 1 fl ?u H durBo rt r a l si o o r n rfl tta s : & uy r? a r n t : fi er rfr o n^t fi s

=>

14.2:l

14.4:l

14.8: I

15.2:l

15.4: I

15.6:l
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D

o I avflltrilusrj:u

nut:{ (7.)

IVUgT?AI ECM

(ms)

:suyr?arn'r:rJYuao

(ms)
nuuir{dilYrue,

dal:vr 6 3 3

t9tulut 3 1.5 1.5

l0 2.4 1.8 0.6

20 1.4 t.4 0

30 2.7 1.8 0.9

40 3.4 2.4 I

50 4.2 2.8 1.4

80 7.3 3.4 3.9

100 8 3.8 4.2
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j
nrflii 4.r :euvr?ar0rnndo{n?rqrroiuouuri(pcrra) uas nouJm:oraofn:.rniufion

Aoo
t:uytl{'tu

frqryraa auq,nr: fi nr#orn fi .r r rnn riorn.:rqu,of uo ouoi (rqra) fl il.re I 2 v
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n:{mnoao{

1to fiIarun:;

Iaaou
U:XI'IEUUIXU cubic centimeter (cc)

:gUU PGM-FI

lrort WAVEll0i
Av

:sUUnilOtUl rJ?rurornjan'ld Y" fiao'ld
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2 r66 ll8 48 29
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tnSotuuei (ECM) ?{t:nouIm:ataofovr{r{ruyriorniu o'ur.rmnrnor-.:sr:rn,il'uuuri.:l#r,."'r
4qq

tn u ? n u nh ar o d'q q 1 or fl r o 0 n r 0 { n ri o.: n ? u E ru rn3 o.: o u oisi o rdr lu r.: o : n 0 u Im : n rn o i si o

drun?uqlJfi-?finrrn'xn:nouIm:arnoi tunr:sio?{n:n-{fldr?flrilr:on?uqurntoiouoilno

n



46

1#}J:rrn:rutrnndo.:n:rquoiu.rouoi'kix3orir.nu!rnnr:nruqrLrn"'afin'lv,lflr jerun-uncio.:
uir

n?uqurn:o{0ua

ial,
n ruii 1.6 n r : sr n sr-r n o u Im : a ro o f lu : n,0"'n : uru uue{ wave I I 0I

el - jo
nrflil 4.7 n]:mnno{rulj0-{



47

Rlylll 4.7 nl:maaowul 15.1

n.+ ira:ryr{Ha

0]nn1:madou:vr.rufi6rdrLrov'llofiutprurrfulnohi'nou Im:oraofrJfurJg,rnt:fier
ia,
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:ounr:dr':rutvir#uornra-nnt:rrurlnridrei,lur.rdu1,o{ornrsniurirniufinir 
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r#ornfi':ld'fiturrudsnr:anil3rutrunr:ldrirl*u uaq.:1fi'lfiu.irJrJ:un:ril:vno-nrirriufiaix
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tln'{an1:vloraourilfitS.: fiil3rurarrirriufil#nnar4nor'ufirirn.rsmadoilrrayao

trn:srrtdUTs?61 33 % rtan.:'ir :slunt:fiorrdonrfi.rfirrierr",duo-lu-.,rn:J:yilr-fllir,-u,ld,o3r

trsinr:ilfuGirr^oudu,na^sttnvornisriuoio hj,,:rnrruo''sr:rriruornrssiordo*,16.:rurnuh

rn: r v rflu n r: il: v ru r u uu : Irlru srr r n: rr,ln r: du rrj fi 0,: rdo rn fi.:6,: do r o r 0 r n n o { fl l
nltrudruvriuf,:cfi?'t't:vt vnorfifinrdornfr.:uosrjiruraudonrfi.r13.rdrrirlfi'ld'rirfi*riurii
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s.r o;rl

:vuunr:iirur#orvra'.:r?':on-rfinfrI:J:un:ru'ld (prograr.rrmed Fuel Injectiorr: pGM-

rt) tflu:v:lunruq:.rnr:ri-,l',unuo,u*oluupi Inunruqruu-:fintr{drurfiorvra'.rdruIil:rrn:ru fi
ri:urJ:vnoudrri'ryfio ,rrr,#u,nfi,r (Fuel System) rlas:cuu?n:vrl-n (rgnition System)

:,u,do,nfil firiud.rsr^n#.t lu,i'u,fiurvrfisrirurirfiaixu:.:niurdornfi.:n.:fiMnifiord.:sr-o#r

lunriqr:reroi rJBurnrnr:l#rfiotnfimvnrrgrud'ru ii'ryqrar:vuur?arnr:rflnfi'rfin rrnnrio r
At,tn:uqltnSoluuai (ecu) Inufinr:tirurfiornfi.:r.nndo.r:ounr:rirqruto.:rnio.ruuoi ndor
Ae

neuqlrnSo.ruusi (pcu) fud'qtyrnr6u4vrrrnrrirun:rrf,u (Sensor Unit ) lril:ytennad,au
I:J:trn:lnr:fintdornfilotnl:rrru ovnauqruo-or:rriru'lo6nsoornrnoiorirliulfi'',rruisaru

l u n r : fl o u r{r rto r r.n'l n rTln u yr-r hJ fi o-sr : r d : u #r riu r ri r u si o o r n r s r s ri: u

n 1 : n ? u q u rJ3 U r ar rfi o tn a.: dr u I il : u n : ru lu n a' o { n ? u q u rni o.: s u oi ( ECM) 0 e
, jr,r ,n:uqru6'lu:vuvtlatfrltirvirfiu ldu.drrnr:rpr'ur:Lr nr:anrfyrrato.:uurinr:rdrrndo.

n-ufiniuln nr:r'ioun-urj.:vriufiviule riJuei'u n'r:on:suyrrainr:finrdo,tfi.:Jprodii:,
noulm:atnofar,#.rrn'urfiulu:slufi6rdurov,l10 (pcM-FI) n?uqlJ:yuyr:nru:rtlrrj le,uld
dtyqrar6urlmrrnrdurryofsfrunrj.rniurj,: (rp Sensor) fi.:rilunr:fiofirf,rilfiin:rrudornr:
rirn'tttnrnio.:uuri lunr:iirur#orvrfi.:h{frqn6rudun:rrir:yurrdl#u l#ii'ryqrarouum0rn

t)
nriotnuqlrnSoluusi (ECM) rdurfluror4mn:uqur"':fin rirri'qryrorn-rndrrrrrfjuo-un.n
t o l n o u l m : a ta o ftno o hflfi :i :.r n r : G r fi n rdo rn fi ,r fi sr :.r nYu r{ a n r rm n d o u dty ry r ar o r r u u
u"':finfin*nrurdufiri:.:Grudu:vrsrenrfirvirniu rir,:rui.rrniu:surr6ru,ld 

o o

Iil:[n:rurJ:vutinrdonT fi.:fiafr.:duoFrrsuyr?n]nr:fie,r#0rflfi.:ornrnruldludrr

nr:rjiur:JfiuudrnYuri.r rc10 % rn-rornnr::Jirn]fioudrnyuri.:rurnn h n y,:suyr?ornr:
finrdotua'lfirirrvirn-udcyoratrfrrtor:uuu luI:J:*n:rn?unrur.rnfldo,:nrrq,rnio.:uud
(ECM) trtiturdotnfi.rurnfiqnrixnr:ri.:rnioryrYufiyr-uln fi:soyraar6,:d.: o ms Iil:*n:*iyi
a$r':durjiuanluanrunr:aidlrnfiqnInarJiu0n 

3 ms rio so z fir.rnlrtannr:n:vryrnlu
nr:tYrt tfl:]vR?uquriralhirn6oorririuuuo dofinr:rJirr:Jduurirdurj*rrnnjr to ot tvfi
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IZn1:rilutfrornfr'rrvirriulil:rtn:uornndornruquoiuooru{ r'odri1lrio-n:rrjrrniofid.ru
narurErg.: rvrilunr:riuidruJrJ:rrn:runr:rrnnriuuorrqu,u*o.r0uei (pcN,I)
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f,iuevtornr:r-rli6.:{50'uulhild'fi nurrirud

nr:rfiuuJrJr,,nru,duunr-Jirurn ,don^rfi.:ffi,t'uTd,mnaou16ourfio.:I:J:*n:rur6rr
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riu*1 r.:urrr6. nr:rjiuri?.:rn3o.roueihi': o.rfurdonrfi.r e ss. rJEqryrfinuf,ia:n::uarao:
qAAg

Utltcyl9l : lJlll'l?lU'l0U!:111, 2554.

tnuru qriuhfl r rrovnudul.
a J luvt

fl ils?fl?n5:UflIdet: : Uil I?ytU10UrOnI: ffl lm A, 2553.

UUY?tslu fl:D::u ItCIYnuoudl. "nl:ilfuilI.t:uuunr:An rfiorufitro.t:o0n:utuousrnr'o1#
-l---- 9r.s 4 auluurrnd tryaoo 885 ", ?t:41:aou ufl. t6 (7) :774-785; niuorou-qa 1au, 2554.

:^-----e 3 i -_r I o oo j t?Yl?6Y Our0u rrasnuoudl. ":yuun?uniln'l:il0lfroryrd{rrncnl:1et:ylunlurnSo.rouoi

:ottd.:", 1u

rufi rimura-ur::xfl'1flfl f : flurt;{An, 255 l.
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1u
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ruu rim ur n-ur6o,rluri, zssr.

AP Honda. Honda Repair Manual wave i. ApHonda co Thai., Itd. 2009.

Sritram, Chamniprasart. "lmprovementof control fuelinjection system for motorcycle Engine',,

of Ubon Ratchathani. Thailand, 2010.
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' *ic16F877 Data sheet

- Microcontroller Core Features

,High performance RISC CPU

,Only 35 single word instructions to leam

, All single cycle instructions except for program

branches which are two cycle

'Operating speed: DC - 20 MHz clock input DC - 200 ns instruction cycle. Up to 8K x 14 words

of FLASH Program Memory, Up to 368 x 8 bytes of Data Memory (RaUl Up to 256 x 8 bytes of
+

EEPROM Data Memory

Pinout compatible to the PICl6C73B174B/76177

Intemrpt capability (up to 14 sources)

Eight level deep hardware stack

Direct, indirect and relative addressing modes

. :il;ffinr,and
' 

T:T:I#ffilj:,'I',*o*non-chipRCosciratorrorreriabreoperation
. Programmable code protection

+
Power siving SLEEP mode

Selectable oscillator options

Low power, high speed CMOS FLASH/EEPROM technology

Fully static design

In-Circuit Serial ProgrammingE (ICSP) via two pins

Single 5V In-Circuit Serial Programming capability

In-Circuit Debugging via two pins

Processor read/write access to program

Wide operating voltage range: 2.0V to 5.5V

. High Sink/Source Current: 25 mA
,=+

. Commercial, Industrial and Extended temperature ranges

: . Low-powerconsumption:
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- < 0.6 mA typical @3V,4MHz

- 20 Atypical @ 3V, 32 kllz
- < I A typical standby current

Pin Diagram

,

PDIP

t ctRF./r
Rl(y,tt8 *
R tat{} 

-
RA34I3|,&EF. . -
RA3lAr{3lrtrr+ 

-Ra.l{IoCl(} *
ru.gl5rggJ <-
REOffiats <+
RElffiilr .*
neffi*z 

-
r'go.+
vss

OSC!.rcutllra

osc2cLXA.rT
8c{yrlosofitcxl *
ncrffto6liccP? H

RC2ICPI <+
RC3TSCXTSCL

focPspo €
ROi.PSP1 <.*

- 

RE7,p$O
* R8€*€rjr

- R85
€ RF.l
r- .tEtf,f$M

_ R82

- 
R81

e REOtIJI

t* i:,f
<- ftoI,PSF,
s Ro&'PSpG
..* RDSPSFS
<+ R04psF4
s RCTIBTJST

H RC&tT.trf,X

RCgSOA
€ RC4aSOU$DA
+ ROJ.IPSP3

+ RO:jPSp:

t:
[.

lrl7
I
9
lo
It
1?

t3
14

r5

t6
17

t6
IG

?B

40

]9
3€

17

36

3!.

}{
33
r"l
.tl

xl
2sl

TI
$l
2{t
,rt

il

Key Features

PlCmicrorM Mid-Range

Reference

Manual (DS33023)

RESETS (and Delays)
POR, BOR

(PWRT, OST)

FLASH Program Memory

(14-bit words)



Timers 3

Capture/Compare/PWM Modules 2

Serial Communications MSSP, USART

Parallel Communications PSP

l0-bit Analog+o-Digital Module 8 input channels

Instruction Set 35 instructions

ANALOG-TO-DIGITAL CONVERTER (A/D) MODULE
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PCFG3:
PCFGO

AN7{r!
RE2

AN6(r)
REl

AN5IlI
REO

AN4
RA5

AN3
RA3

AN2
RA2

AN1
RA'

ANO
RAO

Vner+ VREr-
Cxanl
ReG(2)

00 0q A A A A A A A voo vss 8/0
c0 0r A A A VR€F } A A RA3 vs5 7t1
0 010 D D o A A A A VOD VSS 5i0
o011 D D D Vner+ A A A RA3 VSS 4t1
01 00 D D o D A D A A VDD VSS 310
0101 0 D o D VREF+ D A A RA3 Vss u1
011x D D o o D o D f) voo VsS 0i0
I0 00 A A A VFEF+ Vnrr- A A RA3 RA? 6t2
100r. D D A A A A A VoD Vss 6/0
101r1 D D A A VREF+ A A RA3 VSS 51r
10 l1 D D A Vnir+ VRET. A RA3 RA2 4t2
11 00 D D o A VREr r VqEr A A RA3 RA2 3/2
1 t01 o D r, o VREr+ VR€F. A RA3 RA2 2t2
r.110 D D D D 0 D D voo vss t/0
111r. D D D D VREr+ VREr- D A RA3 RA2 1t2

A = Anabg input D = Digital VO

TECHNICAL FEATURE Wave tlOi

ABSOLUTE PRESSURE FUEL SUPPLY SYSTEM

The fuel delivery system consists of the following components: fuel tank, fuel suction filter,
fuel pump, internal pressure regulator, fuel feed hose and injector. This system is eruipped with
the absolute fuel pressure. There is no external fuel return hose or vacuum pressure regulator with
this system' The fuel pressure in the fuel delivery system is regulated by the internal pressure

regulator and always kept absolute 294 kPa (3.0 kgf/cm2,43 psi). The internal pressure reguraror

returns the fuel by opening a valve when the fuel pressure increases more than 294 yta (3.0

kgf/cm2,43 psi). This system optimizes injection volume by the ECM control.
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Fuel suction filter
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PGM-FI SYSTEM LOCATION

IGNITION SWITCH

SENSOR

IMAP, IAT,

IGNITION
PULSE GENEBATOR

EOT SENSOR

BANKANGLE SENSOR

GEAR POSITION
SWITCH

FUEL PUMP

DATA LINK
CONNECTOR

ALTERNATOR
REGULATORI
RECTIFIER

l--t'
6 {1, .-:-''i(.'.:.
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PGM-FI SYSTEM DIAGRAM

(l) Ignition switch

(2) Main fuse (15 A)

(3) Sub tuse (10 A)

(4) Battery

(5) Regulator/rectifi re

(6) Fuel meter

(7) Malfunction indicator lamp (MIL)

(8) Neutral position indicator

(9) Bank angle sensor

(10) Data Link Connector (DLC)

(l l) Fuel pump

(12) Ignition coil

(13) Intake air temperature sensor (IAT

sensor)

(14) Throttle position sensor (Tp sensor)

(15) Manifold absolute pressure sensor (MAp

sensor)

(16) Injector

(17) Spark plug

(18) Gear (neurral) position switch

(19) Ignition pulse generator

(20) Engine oil temperature sensor (EOT

sensor)

(21) Altemator charging coil
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CHARGING SYSTEM DIAGRAM

ALTERNATOR

IGNITION
SWITCH

MAIN FUSE 15A

MAIN TUSE
't5A

R: Red
Y Yellow
G: Green
W:White

. ANF'!25/
12V 2.5AH
ANFl25M/
r2v 3.5AH

BATTERY

c.l--_l

1@*ffil
CHARGING SYSTEM TROUBLESHOOTING

REGUISTOH/
RECTIFIER

il
SaAu R

.,.1. tIO
CONTROL
MOOUl€(ECatl
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CHARGING SYSTEM DIAGRAM

IGNITION
SW!TCH

MAIN FUSE 15A

HEGULATOR/
RECTIFIER

ALTERNATOR

R: Red

Y Yellow
G: Green
W:White

. ANF125/
t2v z.sAH
ANF125M/
r2v 3.5AH

BATTERY

CHARGING SYSTEM TROUBLESHOOTING

rl>

<>
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IGNITION SYSTEM DIAGRAM

IGNITION SWTCH

SENSOR UNIT

SPARK PLUG

IGNITION
PULSE EOT SENSOR
GENERATOR

MAIN FUSE 15A

EANK ANGLE SENSOR

r4AN FUST
!sa

REGULATOR/RECTIFIER

EATTEEY
. ANFl2g12V 2.5AH

ANFI25M/I2V 3.5AH

:

R: 8ed
Bl: Black
Bu: Blue
P: Pink
G: Green
Y Yellow
W: White

ALTERNATOR

iffic:! rcrrpn I. PrttsE :
GCrEiAIOi AltCiitltoi

,rk!a!. Y l, G.'!ovr OQ i?r v& atv m

iO{ GO Yii

\_7
BANTA{GL€
sfitsof,

rcNflloit
swro{

T
EilC*r€ ol
ttMPEnlrunr
(EOns€irsoA
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ELECTRIC STARTER SYSTEM DIAGRAM

.t}
;

>

STARTEB

BATTEfiY

IGMTION
sw]rcH

R: Red
Y Yellow
Bl: Elack
Bu:8lue
W: White
G: Green

STARTEE
MOTOR

t

STARTER
Swlfc1r

YR 
---dc

STARTER
RETAY
SWlCH
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ELECTRIC STARTER SYSTEM DIAGRAM

STAFTER
MOTOR MAIN

FUSE 15A

REGULATOR/RECTIFIER
STARTER
RELAY

-;,

R: Bed
Y: Yellow
Bl: Black
Bu: Blue
W: White
G: Green

STARTER

EATTERY

IGNITION
swlTcH

STARTEE
UOTOB

STARTER
REI.AY
SWICH

swlTcH

-----d-
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Air Cleaner Capacity 2.2 litters

Fuel Tank Capaciry 3.7 litters

Fuel Consumption s6.7kn,/l (HUDC)

ELECTRICAL

SYSTEM

Ignition System

Computer-controlled digital transistorised with electronic

advance

Ignition Timing 10" BTDC (idle) - 62.3" BTDC (8,000min-l)

Sparkplug Type CPR6EA-9S

Battery Capacity I2V-3AH

Transmission Type 4-speed, rotary

Final drive Clip type 420 chain

Wheelbase 1227mm

Kerb Weight 99. lkg (F : 42.2kg; R: 56.9kg)



{,

}

-I

(sstvgtt-sgo ) oooos rsr4tborl

rr-tl.rb-o lotrloutLg BGl.r]@ntaufiLu tgltol nsrtB glgg 6 6 p o - --"--i"-b'-

suns,b6rbrLauL Pos

n L p G u u ! ft[ L 
g, 

0 u 
I n t u t $ 0^u L,] tt L L B n ]^u L 

"U 

L 
H !t I

LJtr rssurr r,F1 ( nou cr uuL# n$gF) sLUrL snL ]ufuvr

nmLnu0t,t3t tI -2tu1

c r,,fi 14 n 0 n L 0 g u 0 u s b u tvtt atrt u u g L u tl t-t 3 g L n ttd u YP 6 e f F---'--

s83 2u 
0B&L purr n|tLIrIbt @ gt

!dnn nL0 s,u_eu slG,bb urutr@[trrtrsLut-u-r: etiprrcpsLu 2aEa

n L g[, L t, u l.t b 0^u L,] t t L l.t tt t6 t r. rojl L l.t t t g rrp Lp ts 3 t, u Lp t

,srngbB^urLt,
mr L 0 t,t r L l.u'r rr s, s u r.r L p u b L 

H]r[ 
rruc ro;r s rdp Lp L CI r L

tunsrird,btLnr LuulnJ[Ls0ut n[ut,tl

rul L u p t, rd E ut u u s, u^0 D @ !, u I CI u 
t n I u t U g rrJr 0 np L u a l, 

f r

r r,rt gb r"Lc r.t$o sL uLnl L sb na at s1

,e 
u n gb'o-e H D 0 @ L u_u H n L tt n 0 ltt a r.t u u[ n L rt n0 gt t c 

L

06uat tdL&&tJt0Ln 6ts9

b
ruIIl!&t1nt]tuBtttBE a a! oF

rutltu!,tuldtfErt ost

B*gr,rurrcft,F

tBuBgtu16Lfs.R F*t

@tr
P

99

G
BGLMI'LAgTt ag,z* ,




