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LOI NOI PAU

Trong vong 20 nidm trd lai ddy, cong nghiép 6t da cé nhitng sy thay ddi 16n lao.
Dic biét, hé thong dién va dién tf trén 6t da c6 budc phét trién vugt bic nhim dap
tng cdc yéu cau: ting cong suat dong cd, gidm tiéu hao nhién liéu, gidm d6 doc hai clia
khi thdi, ting tinh an toan va tién nghi ctia & t6. Ngay nay, chi€c 6 t6 12 mot hé thong
phtic hgp bao gdm co khi va dién tif. Trén hau hét cac hé thong dién 6t6 déu c6 mit cdc
bd vi xtt Iy dé€ diéu khién cdc qud trinh hoat dong clia hé thdng. Cdc hé thong mdi 1an
lugt ra ddi va dude tng dung rong rii trén cdc loai xe, tir cdc hé thong diéu khi€n dong
co va hop s6 cho dén cdc hé thdng an toan va tién nghi trén xe nhu: hé théng phanh
chdng ham citng (ABS), hé thdng chdng trugt (ASR), diéu khién chay tu dong (cruise
control), diéu khién g01 hdi (SRS)... Gi4 thanh cla cdc hé thong dién va dién ¢ da
chi€m 30 - 40 % gi4 thanh clia xe.

Téng quat vé mang dién va cac hé théng dién trén o6to

1. H¢ théng khéi dong (starting system): Bao gdm accu, mdy khsi dong dién
(starting motor), cdc relay diéu khién va relay bdo vé khdi dong. P6i vdi dong cd
diesel c6 trang bi thém hé thdng x0ng may (glow system).

2. H¢ thdng cung cdp dién (charging system): gdm accu, mdy phit dién
(alternators), bo ti€t ch€& dién (voltage regulator), cdc relay va dén bdo nap.

3. H¢ thong ddanh liia (Ignition system): Bao gdm cdc bo phan chinh: accu, khéa
dién (ignition switch), bd chia dién (distributor), bi€n 4p ddnh Iira hay bobine
(ignition coils), hdp diéu khién ddnh Ira (igniter), bougie (spark plugs).

4. Hg thong chiéu dnh sdng va tin hi¢u (lighting and signal system): gom cic dén
chi€u sdng, cdc dén tin hiéu, coi, cdc cong tic va céc relay.

5. Heé thong do dac va kiém tra (gauging system): chi y&u 1 ciac ddng hd bdo trén
tableau va cdc dén bdo gdm c6: ddng hd téc d6 dong cd (tachometer), dong hd
do toc dd xe (speedometer), ddng hd do nhién liéu va nhiét d6 nuéc.

6. Heé théng diéu khién dong co (engine control system): gdm hé thdng diéu khién
xing, Itta, géc phdi cam, ga ty dong (cruise control). Ngoai ra, trén cidc dong co
diesel ngay nay thudng st dung hé thong diéu khién nhién liéu bing dién t¥
(EDC - electronic diesel control hodc common rail injection)

7. Heé théng diéu khién 6t6: bao gdbm hé thong diéu khién phanh chong him ABS
(antilock brake system), hop s0 tuw dong, tay l4i, g&i hdi (SRS), luc kéo (traction
control).

8. H¢ théong diéu hoa nhiét do (air conditioning system): bao gom mdy nén
(compressor), gian néng (condenser), loc ga (dryer), van ti€t luu (expansion
valve), gian lanh (evaporator) va cdc chi ti€t diéu khi€n nhu relay, thermostat,
hop diéu khién, cong tic A/C...



Chuong 1
HE THONG PHUN XANG PIEN TU

1. Khdi qudt vé hé thong diéu khién ldp trinh cho dong co

1.1 Lich si phit trién

Viao thé ky 19, modt k§ su ngudi Phap - 6ng Stevan - dd nghi ra cdch phun nhién
li€u cho mdt may nén khi. Sau d6 mot thoi gian, mot ngudi Pitc da cho phun nhién li€¢u
vao budng chdy nhung khong mang lai hiéu qui. Pau thé ky 20, ngudi Pitc 4p dung hé
thong phun nhién liéu trong dong cd 4 thi tinh tai (nhién liéu dung trén dong co nay la
dau héa nén hay bi kich nd va hiéu suit rat thip). Tuy nhién, sau d6 sing ki€n nay da
dudc tng dung thanh cdng trong viéc ché tao hé thong cung cip nhién liéu cho mdy bay
& Dtic. P&n nim 1966, haing BOSCH di thanh cong trong viéc ch€ tao hé thdng phun
xing ki€u cd khi. Trong hé thdng phun xing nay, nhién liéu dudc phun lién tuc vio
trudc supap hit nén cé t€n goi la K — Jetronic (K- Konstant — lién tuc, Jetronic — phun).
K — Jetronic dugc dua vao san xuit va ng dung trén cdc xe cia hing Mercedes va mot
s6 xe khdc, 1a nén tdng cho viéc phat trién hé thdng phun xing thé hé sau nhu KE —
Jetronic, Mono-Jetronic, L-Jetronic, Motronic...

Tén ti€ng Anh cta K-Jetronic 12 CIS (continuous injection system) dic trung cho
cidc hing xe Chau Au va ¢6 4 loai cd ban cho CIS la: K — Jetronic, K —Jetronic — vdi
cdm bién oxy va KE — Jetronic (c6 k&t hgp diéu khién bing dién t) hoic KE — Motronic
(kém diéu khién géc ddnh Itra sém). Do hé thdng phun cd khi con nhiéu nhudc diém nén
dau nhitng nim 80, BOSCH da cho ra ddi hé thdng phun st dung kim phun diéu khién
biang dién. C6 hai loai: hé thong L-Jetronic (Iugng nhién liéu dugc xdc dinh nhd cdm
bi€n do luu lugng khi nap) va D-Jetronic (lugng nhién liéu dugc x4c dinh dwa vao 4dp
sudt trén dudng 6ng nap).

DPé&n nim 1984, ngudi Nhat (mua bdn quyén ctia BOSCH) di ng dung hé théng
phun xiang L-Jetronic va D-Jetronic trén cic xe clia hang Toyota (ding vdi dong co 4A
— ELU). BP&n nim 1987, hang Nissan diung L — Jetronic thay cho by ché& hoa khi clia xe
Nissan Sunny.

Song song, vdi sy phat trién clia hé théng phun xing, hé thong diéu khién dinh
Ita theo chuong trinh (ESA — electronic spark advance) cling dugc dua vao st dung vao
nhitng nim dau thap ky 80. Sau dé, vio diu nhitng nim 90, hé thdng ddnh Ita truc ti€p
(DIS — direct ignition system) ra ddi, cho phép khong sit dung delco va hé thong nay da
c6 mit trén hau hét cic xe th€ hé mdi.

Ngiy nay, gan nhu tit cd cic 6td déu dudc trang bi hé thong diéu khién dong co
cd xing va diesel theo chuong trinh, gitip dong cd ddp ng dugc cic yéu ciu git gao vé
khi x4 va tinh ti€t kiém nhién liéu. Thém vao d6, cong sudt dong cd cling dugc cai thién
10 rét.



Nhitng nim gin day, mot thé€ hé mdi clia dong co phun xing da ra doi. P6 1a dong
cd phun truc ti€p: GDI (gasoline direct injection). Trong tuong lai gin, chic chin GDI s&
dugc st dung rong rai.

Ignition
Switch A/C Compressor
? Check Engi Check
—— gine
Warning Light Connector
(T-E1)
Fuel
PUmp Battery _:I
Fuel Tank ﬂ
= Distributor
Fuel [ F\
Filter ﬁ [ Intake
I 1 Air
s Temp.
|82i|'t|on "1 11 Sensor
Air
LL Fuel —_—/=_=]| Cleaner
Pressure -
VSV
= Air
i Flow
Fuel Pressure Regulator L Meter
Injector Idle-u
' —Cold Start NEY
l \ Injector
== L A = Auxiliary
Throttle Air Valve
\ Position
\ - Sensor
Oxygen D —Ii T-VIS VSV |___ To Vacuum
Sensor Reservoir Tank

Cold Start Injector
Time Switch

Water Temp. Sensor

Toyota computer control system (TCCS)

Hinh 1: So' do hé théng diéu khién dong co



1.2 Phén logi va wu nhuoc diém

1. Phan loai

Hé thong phun nhién liéu c¢6 thé dugc phan loai theo nhiéu ki€u. N&u phan biét
theo ciu tao kim phun, ta c6 2 loai:

a. Loai CIS (continuous injection system)

Pay la ki€u st dung kim phun co khi, gdm 4 loai cd ban:

- Hé thdng K — Jetronic: viéc phun nhién liéu dudc diéu khién hoan toan bing co
khi.

- Hé thdng K — Jetronic ¢6 cdm bi€n khi thdi: c6 thém mdt cAm bi€n oxy.

- Hé thdng KE — Jetronic: hé thdng K-Jetronic véi mach di€u chinh 4p luc phun
bing dién t.

- Hé thdng KE — Motronic: k&t hdp véi viéc diéu khién danh Ita bing dién ti.

Céc hé théng vira néu st dung trén cic xe chiu Au model truéc 1987. Do chiing
da 161 thdi nén quyén sich nay sé& khong dé cap dén.

b. Loai AFC (air flow controlled fuel injection)

St dung kim phun diéu khién bdng dién. Hé thdng phun xing v6i kim phun dién
c¢6 thé chia 1am 2 loai chinh:

— D-Jetronic (xudt phdt tit chit Druck trong tiéng Ditc la dp sudt): v6i lugng xdng
phun dugc xdc dinh bdi 4p sudt sau cdnh buém ga bing cdm bi€n MAP (manifold
absolute pressure sensor).

— L-Jetronic (xudt phdt tit chit Luft trong tiéng Piic la khong khi): v6i lugng xdng
phun dugc tinh todn dua vao luu lugng khi nap 14y tf cdm bi€n do gié loai cdnh trugt.
Sau d6 c6 cdc phién ban: LH — Jetronic véi cdm bié€n do gié day nhiét, LU — Jetronic
vdi cdm bié€n gi6 ki€u siéu am...

N&u phan biét theo vi tri ldp ddt kim phun, hé théng phun xing AFC dugc chia [Am
2 loai:

c. Loai TBI (Throttle Body Injection) - phun don diém

Hé thdng ndy cdn c6 cdc tén goi khic nhu: SPI (single point injection), CI (central
injection), Mono — Jetronic. Py 1a loai phun trung tAm. Kim phun dugc b6 tri phia trén
cdnh buém ga va nhién liéu duge phun bing mot hay hai kim phun. Nhugc di€m ctia hé
thong nay 1a tdc @6 dich chuyén clia hoa khi tuong d6i thap do nhién liéu dugc phun & vi
tri xa supap hiit va kh4 niing thit thodt trén dudng 6ng nap.

d. Loai MPI (Multi Point Fuel Injection) - phun da diém
PAay la hé thong phun nhién liéu da di€m, véi moi kim phun cho tirng xylanh dugc

bd tri gan supap hiit (cich khodng 10 — 15 mm). Ong gép hit dudc thi€t k& sao cho
dudng di clia khong khi tir bu6m ga dén xylanh khd dai, nhd vay, nhién liéu phun ra



dudc hoa tron t6t v6i khong khi nhd xody 16¢. Nhién liéu ciing khong con that tho4t trén
dudng dng nap. Hé thdng phun xing da di€m ra ddi dd khic phuc dugc cdc nhuge diém
cd ban ctia hé thdng phun xing don diém. Ty theo cich diéu khién kim phun, hé thdng
nay c6 thé chia 1am 3 loai chinh: phun ddc 14p hay phun tiing kim (independent
injection), phun nhém (group injection) hodc phun ddng loat (simultaneous injection).

N&u cin ctf vao ddi tugng diéu khién theo chuong trinh, ngudi ta chia hé thong
diéu khi€n dong cd ra 3 loai chinh: chi diéu khién phun xdng (EFI - electronic fuel
injection theo ti€ng Anh hoic Jetronic theo ti€ng Bic), chi diéu khién ddinh lita (ESA -
electronic spark advance) va loai tich hop tic diéu khién ci phun xing va ddnh 1¢a (hé
théng ndy c6 nhicu t&én goi khdc nhau: Bosch dit tén 1a Motronic, Toyota c6 tén (TCCS
- Toyota Computer Control System ), Nissan goi tén 1a (ECCS - Electronic Concentrated
Control System...) Nhd toc d6 xit 1y ciia CPU khd cao, cdc hop diéu khién dong co dot
trong ngay nay thudng gom ci chifc ning diéu khi€n hop sd ty dong va quat lam mat
dong co.

Né&u phan biét theo ky thuat di€u khién ta c6 thé chia hé thong diéu khi€n dong co
lam 2 loai: analog va digital.

6] nhitng th& hé diu tién xuat hién tir 1979 d&€n 1986, ky thuat diéu khién chii y&u
dua trén cdc mach tuong tu (analog). O cdc hé thong ndy, tin hiéu dénh lta 14y tr 4m
bobine dudc dua vé& hop diéu khién dé€, tir d6, hinh thanh xung diéu khién kim phun. Sau
d6, da s6 cac hé thong diéu khi€n dong co déu dugc thi€t k&, ché tao trén nén ting clia
cdc bo vi xtt ly (digital).

e. Uu diém ciia hé thong phun xdng

— C6 thé cap hdn hgp khi nhién liéu ddng déu dén tirng xylanh.

— C6 thé dat dugc ti 1& khi nhién liéu chinh x4c véi tit cd cdc dai toc d6 dong cd.

— Pép ting kip thdi vdi su thay d6i goc mé buém ga.

— Kha ning hiéu chinh hdn hgp khi nhién liéu dé dang: c6 thé lam ddm hdn hgp
khi nhiét do thdp hoidc cdt nhién liéu khi gidm tdc.

— Hiéu sud't nap hdon hdp khong khi — nhién liéu cao.

— Do kim phun dugc bd tri gin supap hiit nén dong khi nap trén 6ng gép hiit c6
khoi lugng thap (chua tron véi nhién liéu) s& dat toc do xody 16c cao, nhd vdy, nhién
liéu sé& khong con that thodt trén dudng dng nap va hoa khi s& dudc tron tot hon.

2 Sodb cdu triic va cdc khoi chiic ndng

Sd @b cau tric va cdc khdi chic ning clia hé thong diéu khién dong co theo
chuong trinh dugc md ti trén hinh 2 va 3. Hé thong diéu khién bao gém: ngd vio
(inputs) v6i chl y&u 1a cdc cdm bi€n; hop ECU (electronic control unit) 12 bd ndo cia hé
thong c6 thé c6 hoic khong c6 bod vi xit 1y; ngd ra (outputs) 1a cic cd ciu chip hanh
(actuators) nhu kim phun, bobine, van diéu khién cAm chirng...
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Hinh 2: So db cdu triic ciia hé thong diéu khién ldp trinh cho dong co
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Hinh 3: So' d6 cdc khoi chiic ndng ciia hé thong diéu khién phun xdng



3 Cdc loai cam bién va tin hi¢u ngo vao
3.1 Cam bién do luu lugng khi nap

P& xdc dinh lugng khi nap (Iugng gi6) di vao xylanh trong L-Jetronic, ngudi ta sit
dung céc loai cAm bi€n khdc nhau, nhung ta cé thé phan lam 2 kiéu: do lvu lugng véi
thé tich dong khi (cianh trugt, Karman ...) va do luu lugng bing khdi lugng dong khi
(ddy nhiét).

A. Cam bién do gié kiéu canh trugt (doi 80 dén 95)

Cam bi€n do gi6 ki€u cdnh trugt dugc st dung trén hé thdng L-Jetronic &€ nhian
bi€t thé tich gi6 nap di vao xylanh dong co. N6 1a mot trong nhitng cAm bi€n quan trong
nhat. Tin hiéu thé tich gié dugc sit dung d€ tinh todn lugng xing phun co ban vi géc
ddnh Itta s6m co ban. Hoat dong clia né dwa vao nguyén ly dung dién 4p k€ c6 dién trd
thay ddi ki€u trugt.

a. Cdu tao va nguyén ly hoat dong

Bo do gi6 ki€u trugt bao gdm
canh do gi6 dugc gilt bing mot 10 xo 6
hoan lyc, cinh gidm chin, budng gidm /
chin, cdm bi€n khong khi nap, vit ‘ ve
chinh cAm chirng, mach ré phu, dién 4p
k& kiéu trugt duge gin ddng truc vdi
canh do gi6 va mot cong tic bom xing. <:,

1. Cdnh do | D

2. Cdnh gidm chdn : Q /Lli

3. Cdm bién nhi¢t do khi '
e ; o] D=

nap
4. Pién dp ké kiéu truot ; \4
5. Vit chinh CO
6. Mach ré
7. Buoéng gidm chdn
(]
I

slow running full load
Hinh 5: B§ do gio ki€u trugt
Luong gié vao dong co nhiéu hay it tiy thudc vao vi tri cinh buém ga va tdc do
dong cd. Khi gié nap di qua bd do gié tir loc gi6 né s& md dan cdnh do. Khi lyc tic dong
1&n cdnh do can bing véi Iyc 10 xo thi cdnh do s& ditng yén. Canh do va dién 4p k€ dudc
thi€t k& ddng truc nhim muc dich chuyén géc md cinh do gié thanh tin hiéu dién dp
nhd dién 4p k€.



b. Vit chinh hén hop cdm chiing (vit chinh CO)

Bo do gidé c6 hai mach gi6: mach gié chinh di qua cdnh do gié va mach gi6 ré di
qua vit chinh CO. Lugng gi6é qua mach ré ting sé lam gidm lugng gié qua cdnh do gio,
vi th€, géc md clia canh do gié s& nhd lai va ngudgc lai.

o |
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P

Hinh 6: Vit chinh hén hop cam chiing

Vi lugng xdng phun cd ban phu thudc vao goc md canh do gid, nén ti 1€ xdng gié
c6 thé thay ddi bing cach diéu chinh lugng gi6 qua mach ré. Nhd chinh ti 1& hdn hop &
mifc cam chirng thong qua vit CO nén thanh phin % CO trong khi thdi s& dugc di€u
chinh. Tuy nhién, diéu nay chi thyc hién dugc & tdc d6 cAm chirng vi khi cdnh do gié da
md 16n, lugng gié qua mach ré dnh hudng rat it d€n lugng gié qua mach chinh. Trén
thuc t&, ngudi ta con c6 thé diéu chinh hdn hdp bing cich thay ddi sitc cing clia 10 xo.
c. Bubng gidm chdn va cdnh giam chéin

Budng gidm chdn va cinh gidm chin c6 cong dung 6n dinh chuyén dong clia canh
do gi6. Do 4p luc gi6 thay d6i, cinh do gi6 sé bi rung, gdy 4nh hudng d&€n dd chinh xic.
P& ngin ngirta dao dong canh do gi6, ngudi ta thi€t k€ mot canh gidm chan lién vdi canh
do d€ dap tit do rung.
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Hinh 7: Cdnh gidm chdn va buong gidm chdn



d. Céng tidc bom nhién liéu (chi cé trén xe Toyota)

Cong tic bom nhién liéu dudc bd tri chung véi dién 4p k€. Khi dong cd chay, gié
dugc hiit vao nang cdnh do gi6 1én 1am cong tic déng. Khi dong cd ngirng, do khong c6
luc gi6 tdc dong 1én cdnh do 1am cdnh do quay vé vi tri ban diu khi€n cong tic hé khién
bom xing khong hoat dong du cong tic mdy dang & vi tri ON. Céc loai xe khic khong
mic cong tic diéu khién bom trén bd do gi6 ki€u trudt.

C6ng tédc bom
nhién liéu bédt

Khéng khi

i

DONG CO DANG CHAY

Hinh 8: Céng tdc bom xdng trong b do gié kiéu truot
e. Mach dién
C6 hai loai cdm bi€n do gi6 cdnh trugt chi khac nhau vé ban chdt mach dién.
Loai 1: Pién dp VS ting khi lugng khi nap ting chd y&u dung cho L-Jetronic doi

cii. Loai nay dugc cung cip dién 4p accu 12V tai ddu VB. VC c6 dién dp khong ddi
nhung nhd hon. Pién 4p & ddu VS ting theo géc m§ clia cénh do gi6.
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Hinh 9: Mach di¢n va duong ddc tuyén cam bién do gié loai di¢n dp ting
ECU so sdnh dién 4p accu (VB) v6i dO chénh dién ap gitta VC va VS dé xdc dinh
lugng gi6 nap theo cong thic:



G: lugng gid nap

Né&u cyc VC bi dodn mach, liic d6 G ting, ECU sé& diéu khién lugng nhién liéu
phun cuc dai, bt chdp su thay ddi & tin hiéu VS. Piéu nay c6 nghia 1a: khi dong co &
cam chirng, nhién liéu dudc phun quéd nhi€u va dong cd s& bi ngdp xing din tdi ngung
hoat dOng.

N€&u cyc VS bi dodn mach, VC sé& luén & mifc cyc dai lam cho G gidm, lic nay
ECU sé& diéu khién lugng phun nhién liéu gidm di mic dii c¢6 sy thay ddi & tin hiéu VS.

Loai 2: Dién dp VS gidm khi lugng khi nap ting. Loai nay ECU sé& cung c4p dién
dp 5V dén cuc VC. Pién 4p ra VS thay ddi va gidm theo géc md ciia canh do.
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Hinh 10: Mach dién va duong ddc tuyén cam bién do gié logi dién dp giam

B. Cam bién do gié dang xody loc (Karman):
a. Nguyén ly lam viéc:

* Cdc cam bién loai nay dva trén hién tuong vt Iy sau:

Khi cho dong khi di qua mot vat thé c& dinh khé chiy vong (thanh tao xody -
Karman Vortex) thi phia sau n6 s& xuit hién sy xody 16¢ thay d6i tudn hoan dugc goi la
su xody 16¢ Karman. P6i v6i mot dng dai vo tin c6 dudng kinh d, quan hé giita tin s&
xo0dy l6¢ f va van tdc dong chdy V dugc xdc dinh bdi s6 Struhall:

s=14
%

Trong hiéu tng Karman néu trén, s6 Struhall khong d6i trong dai rong clia cic s6
Reinolds, nén van toc dong chdy hay Ivu lugng khi di qua ti 1& thuan vdi tin s6 xody 16¢
f va c6 thé x4c dinh Vbing cichdo f.

10
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Ly thuyé&t vé sy xody 16c khi dong khi di ngang qua vat cdn di dugc dua ra bdi
Struhall tif nim 1878. Nhung mai d&€n nim 1934, dung cu do dau tién dya trén 1y thuyé&t
nay mdi dugc ché tao.

Ngay nay c6 rat nhiéu sidng ché trong linh vyc nay dugc tng dung d€ do luu lugng
khi nap trong hé thdng diéu khién phun xing, nhung trong khudén khé gido trinh nay chi
khdo sdt hai loai chinh: loai Karman quang va loai Karman siéu 4m.

* Karman kiéu quang

L3 loai cAm bién do lvu lugng gié ki€u quang do truc ti€p thé tich khi nap. So véi
ki€u trugt, né c6 vu di€m la nhd gon va nhe hon. Ngoii ra, cAu tric dudng dng don gidn
s€ gidm trd lyc trén dudng 6ng nap.

b. Cédu tao va nguyén Iy hoat dong

Cém bi€n Karman quang c6 ciu tao nhu trinh bay trén hinh 11, bao gdm mot tru
ding dong vai tro cua bd tao dong xody, dugc dit G gitta dong khi nap. Khi dong khi di
qua, sy xody 16c sé dugc hinh thanh phia sau bo tao xody con goi la cdc dong xody
Karman.

Cdc dong xody Karman di theo ranh hudng 1am rung mdt guong mdng dugc phi
nhom 1am thay d6i huéng phan chi€u tir d&&n LED dé&n photo - transistor. Nhu vay, tan s&
déng md cia transistor nay s& thay ddi theo Iuu lugng khi nap. Tan s6 f dudc xdc dinh
theo cong thic sau:

f=st
d
Trong do:
V: vian t6c dong khi
d: dudng kinh tru didng
S: s6 Struhall (S = 0,2 d6i v6i cAm bi€n nay)

Cin cif vio tan sé' f, ECU sé& xac dinh thé tich twong Gng ctia khong khi di vio cic
xylanh, tir d6 tinh ra lugng xing phun can thiét.
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1. Photo - transistor 2 S
D

3 -~

2. DPenled 4 - »
3. Guong (duogc trdng l @}v SP o

nhom) mm“ RO \\\\\\‘mll
4. Mach dém dong xody l”lhll Jilk
5. Ludi 6n dinh S~

Viat tao xody / -
7. Cdm bién dp sudt khi .

troi. 7

. , . y

8. Dong xody. e

Hinh 11: B$ do gié kiéu Karman quang
Khi lugng gié vao it, tim guong rung it va photo - transistor s& déng mé & tin so f
thap. Ngugc lai, khi lugng gi6 vao nhi€u, guong rung nhanh va tin s6 f cao.

LED Photo - transistor

| —=<se————— Gudng
~SIin-. Gi6 vao Luu lu’dng G vio
l it gIO trung binh nhleu

B0 tao xody

Hinh 12: Cédu tao va dang xung loai Karman

Mach dién
Y
VC

[— —_ ]
INE
ELED I\M/i

Y —

_____________ \é N Y,
hoto - transitor

Hinh 13: Mach dién do gié kiéu Karman quang
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* B§ do gi6 Karman kiéu siéu @m (ultrasonic)
Ciu tao

Bo do gi6 Karman ki€u siéu am dudc st dung trong hé thong LU-Jetronic
(Misubishi, Huyndai) c6 ciu tric tao xody tuong tu nhu ki€u quang nhung viéc do tin s
xo0dy 16¢ dugc thyc hién thong qua séng siéu Am. N6 bao g6m cdc by phan sau:

L3 dinh huéng : phan bd dong khi di vao.

Cuc tao xody tao cdc dong xody 16¢ Karman.
Bo khuéch dai : tao ra song si€u am.

B0 phatsong phéat cdc song si€u am.

Bo nhdn séng nhdn cdc séng si€u am.

B0 diéu chinh xung : chuyén ddi cdc séng siéu 4m did nhin dudc thanh cdc xung
dién dang s0.

Séng siéu Am

knaéenaay 1 |[||[]|]

:\ I_\_I Loa phiit
Dbén
@;//@ Dong buém ga

\\_; xo0dy :>
~~— O é
l__l B0 nhian I

maen | |11 TUULE

Hinh 14: Cdu tao cdm bién do gié Karman kiéu siéu am

/ E

LTI
A

(

Phuong phap do gié

Khi dong khi di qua cuc tao xody dang cdt v6i mit cit hinh tam gidc, n6 sé tao ra
2 dong xody ngudc chiéu nhau: mot dong theo chiéu kim ddng hd va dong kia ngudc
chiéu kim dong hd (dong xody Karman). TAn s& xudt hién dong xody ti 1& thuin véi luu
lugng khi nap tiéc phu thudc vao d6 md cua cinh buém ga.

S,
7 @ 3
Hinh 15: Cdch tao xody loc
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Khi khong c6 dong khi di qua thi cuc tao xody khong thé phit ra dong xody
Karman, vi th€ séng siéu Am dugc lan tif bd phan phat séng (loa) d&€n bd nhin séng
(micro) trong mot thdi gian c6 dinh T dugc ding lam thdi gian chuéin d€ so. (xem hinh
16).

Loa phat T, T T

Thdi gian

1
: | - chuin
~—]—  — T
\_/
\/
|

T, T,
B0 nhian H H H

Xung da hiéu chinh

Hinh 16: B¢ phdt song va dang xung
Séng siéu Am khi gip dong xody theo chiéu kim dong hd di qua sé& truyén dé&n bd
nhin nhanh hon tic thdi gian d€ séng siéu 4m di qua dudng kinh d ctia dng nap 7; ngin

hon thdi gian chudn T.

Loa phat Loa phat

[ ] [ ]

= ==
L | ]

Bo nhan Bo nhan
Hinh 17: Dong khi xo4y ciing chiéu Hinh 18: Dong khi ngugc chiéu
song siéu Am song siéu Am

Trong trudng hop séng siéu Am gip dong xody ngugc chiéu kim ddng hd, thsi gian
dé€ bo nhan song nhan dudc tin hi€u tr by phatla 7, 16n hon thoi gian chudn 7 (Hinh 18).

Nhu vay, khi khong khi di vao xylanh, do cdc dong xody thuin va nghich chiéu
kim ddng hd lién tuc di qua giita bd phat va bd nhian nén thdi gian do dudce sé& thay dai.
C¢ mdi 1an thdi gian séng truyén thay d6i tir T, d&€n T, bd chuyén ddi s& phdt ra 1 xung
vudng.

Khi gi6é vao nhiéu, sy thay ddi vé thdi gian sé nhiéu hon va bo diéu chinh phat
xung s& phat ra xung vudng vdi tin s& 16n hon. Ngudc lai, khi gié vao it, ECU s& nhin
dugc cdc xung vudng c6 mat dd thua hon. Nhu vay th€ tich gi6 di vao dudng dng nap ti
1é thuin v&i tin s6 phat xung clia b diéu chinh.
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s Khi c6 it khong khi di qua
Khi ¢6 nhiéu khong khi 1eol g khi di qu

ﬂﬂﬂﬂf
VRVAVAY

T

7. A A oA e
Tin hiéu xung ra & by bién doi

T,

s *A A oA A
Tin hiéu xung ra & b bién doi

Hinh 19: Xung ra ciia by do gié Karman siéu @m thay doi theo

luu lugng khi nap
Mach dién
+5V
+12\f BoO nhin
song N
Bo . Bo AN —>
tao —[I - D—» diéu CPU
séng e chinh
B0 phat
J_ S(’)ng ECU

Hinh 20: Mach di¢n cam bién do gié Karman siéu Gm

C. Cdm bién do gio kiéu ddy nhiét (trong LH - Jetronic).

Nguyén 1y ctia bd do gi6 ki€u nhiét dua trén sy phu thudc cia ning lugng nhiét W
thodt ra tf mot linh kién dudc nung néng bing dién (phfin t& nhiét) nhu : diy nhiét,
mang nhiét hoic dién trd nhiét (thermistor) dugc dit trong dong khi nap vao khdi lugng
216 G di qua va dudgc tinh theo cOng thitc sau:

W =K. At.G"
Trong dé:
K: hiing s6 ti 1&
At chénh l&ch nhiét do gifta phan t¥ nhiét va dong khi.
n: hé s& phu thudc vao dic tinh trao ddi nhiét giita phdn ti nhiét va moi
truong.

15



SO dd cdm bi&n do gié diy nhiét loai nhiét d6 khong d6i dudc trinh bay trén hinh
21.

bién tr§ Ry (dugc nung néng) va dién trd bl nhiét Ry (lam bing platin) dugc mic
vao hai nhanh clia cAu Wheatstone. Ca hai dién trd nay déu dugc dit trén dudng dng
nap.

Khi ndi cdc ngd vao cla khuéch dai thuit toin 1 (OP AMP) véi dudng chéo cilia
ciu, OP AMP1 sé& giit cho ciu ludon dugc can bing (c6 nghia 1a VA —VB = 0) bing cich
diéu khién transitor T; va T, 1am thay ddi cudng dd dong dién chdy qua cau.

Nhu vay, khi c6 sy thay ddi lugng khong khi di qua, gid tri dién trd do Ry thay ddi
lam cho cAu mat can bing, OP AMPI1 di€u chinh dong qua ciu giit cho gid tri Ry khong
ddi va cAu sé& cAn bing vdi bat cif van toc vao ctia dong khong khi. Tin hiéu dién thé ra
ctia mach do dugc 14y tr R; c6 hé s6 nhiét dién tr§ rat nhd, do d6 ti 1& thuin véi dong
dién di qua né. Tin hiéu nay sau khi di qua cau phin th€ gdm R; va R, dugc dua dé€n OP
AMP2 gift chiic ning chuyén phait. Pién trd R, dung dé di¢u chinh dién thé & ngé ra.

+RB

T,

_ ! R
Re

R —r—
1

. * * R7
Hinh 21: Mach dién cam bién do gié kiéu day nhiét
Viéc xdc 1ap khoang chénh léch nhiét do Ar gitta phﬁn t& nhiét Ry va nhiét do
dong khi dugc diéu chinh bsi Rp.

Né&u At cang 16n thi do nhay ctia cdm bi€n cang ting.

U(v)
3 — |n=116¢
, ) __—T At = 56°C
/ o= 30
1 = |
%/

100 200 300 400 G (Kg/h)
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Hinh 22: St phu thujc ciia hiéu di¢n thé ngé ra vao khoéi lugng khi nap é cdc
miic chénh léch nhiét dp khdc nhau.

Khi nhiét do khong khi nap thay d6i sé din tSi sy thay ddi Ar. Vi vdy, vin dé can
bing nhiét dugc thuc hién bdi Rx mic & mot nhanh khic clia cAiu Wheatstone. Thong
thudng trong cac mach ti 1€ Ry : Rx =1:10.

Trong qué trinh lam viéc, mach dién t& ludn giit cho sy chénh 1é€ch nhiét dd At
giita day nhiét va dong khong khi vao khodng 150°C (air mass sensor BOSCH).

Pé€ 1am sach dién trd nhiét (bi do vi bi bam bui, du...), trong mot s6 ECU duing
cho dong co c6 phan khdi 16n, véi s6 xylanh Z > 6 con ¢6 mach nung diy nhiét trong
vong mot gidy, dua nhiét do tir 150°C 1én 1000°C sau khi tit cong tic mdy, trong trudng
hdp dong co da chay trén 1500 vong/phiit, toc do xe trén 20km/h va nhiét do nudc dudi
150°C (air mass senssor NISSAN). Theo s6 liéu cia mot s6 hing, dd 4m cia khong khi
gan nhu khong dnh hudng dé€n do chinh xdc cla cdm bién.

Trén cdm bi€n hing HITACHI, cdm bi€n do gi6 loai diy nhiét thudng dugc dit
trén mach gié r&, song song v4i dudng gié chinh. Nhd vay ma hoat dong clia cdm bién it
phu thudc vao su rung dong cia dong khi.

Thang do ctia cdm bi€n tir 9 + 360 kg/h sai s6 5 = 7% va c6 dd nhay cao nhd hiing
s0 thdi gian cia mach chi vao khodng 20ms.

DP&i véi cic xe MY (GM, FORD...) thay vi ddy nhiét, ngudi ta si dung mang
nhiét. Cadm bién do gié loai mang nhiét khiic phuc dudc nhuge diém chii yéu cia loai
day nhiét 12 dd bén co hoc clia cAm bién dugc ting 1én.

Hinh 23: Cam bién do gié loai mang nhi¢t
1. Théan; 2. Cdm bién nhiét do khong khi; 3. Ludi 6n dinh;
4.Kénh do; 5. Mang nhiét; Mach dién tit
Hinh 23 trinh bay ciu tao cdm bi€n do gi6 loai mang nhiét ctia hing GENERAL
MOTORS. Mang 5 gébm hai dién tr: dién tré do Ry va dién trd bu nhiét Rx dugc phi
trén mot d€ 1am bing chit déo. Sy chénh 1éch nhiét dd clia Ry v6i dong khong khi dugc
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gitt § 70°C nhd mach tuong ty nhu hinh 21. Thang do cia cAm bié€n trong khodng 15470
kg/h.

Khi thi€t k& cdm bi€n do gi6 ki€u diy nhiét, dit trén dudng 6ng nap clia dong cd
cAn luu y nhitng dic di€m sau:

1.  C4m bié&n bi tdc dong bdi dong khi trong dudng 6ng nap, bat ky tir huéng
nao nén c6 thé ting do sai sd khi c6 sy xung dong clia dong khi.

2. Trén cdc ch& @6 chuyén ti€p ctia dong co, (ting tdc, gidm toc...) do cdm
bi€n c6 @6 nhay cao nén c6 thé x3y ra trudng hdp khdng in khép giita tin hiéu bdo vé
ECU va lugng khong khi thyc t€ di vao budng dot. Piéu d6 sé xdy ra néu khong tinh
dé&n vi tri 1dp dit ciia cdm bi€n va cdc qué trinh khi dong hoc trén dudng 6ng nap, sé&
1am tré dong khi khi ting toc do dot ngot.

3. Cam bién do gi6 ki€u nhiét do truc ti€p khdi lugng khong khi nén ECU
khong cAn mach hiéu chinh hoa khi theo 4p suit khi trdi cho trudng hgp xe chay & viing
ndi cao.

4. Vit chinh CO trén cdm bi€n khong nim trén dudng bypass ma 1a bi€n trd
gin trén mach dién ta.

5.  Trén mot sd xe, cdm bién do gié ki€u nhiét dugc k&t hop véi ki€u xody
Karman. Khi dong khong khi di qua vat tao xody, su xody 16c clia khong khi s& 4dnh
huéng dé&n nhiét do ddy nhiét theo tin s6 xody 16c. TAn s6 nay ti 1& thuidn vdi lugng
khong khi va dudc dua vé ECU xt 1y d€ tinh lugng xiing tuong Gng.

Cam bié€n ki€u nhiét trudc day thudng gip trén cic dong cd phun xing c6 ting ap
(Turbo charger), vi dp luc 16n trén dudng dng nap nén khong thé sit dung MAP sensor
ho#c cdm bién do gi6 loai cdnh trudt.

Nh& ¢6 qudn tinh thap, k&t cAu gon, nhe, khdng c¢é phan ti di dong va it cin gio,
nén cam bi€n do gi6 ki€u nhiét da dugc wng dung rong rdi trong hé thong diéu khién
phun xdng hi€n nay.

D. Cam bién dp sudt tuyét doi trén duong 6ng nap (MAP - Manifold Absolute Pressure
sensor)

Khic véi L-Jetronic, trén hé thdng phun xing loai D-Jetronic lugng khi nap di vao
xylanh dudc xdc dinh gidn ti€p (phdi tinh lai) thong qua cdm bi€n do 4p sudt tuyét ddi
trén dudng dng nap. Khi t3i thay d6i, 4p sut tuyét ddi trong dudng 6ng nap sé thay ddi
vad MAP sensor s& chuyén thanh tin hi¢u dién th€ bdo vé ECU d€ tinh ra lugng khong
khi di vao xylanh. Sau d6, dua vao gid tri nay ECU sé& diéu khién thdi gian md kim phun
va thdi diém dédnh Ia.

C6 ba loai:

° Loai dp dién k&

a. Cdu tao va nguyén ly hoat dong

Loai cdm bi€n nay dua trén nguyén ly ciAu Wheatstone. Mach cau Wheatstone
dudc st dung trong thi€t bi nhiim tao ra mot dién thé€ phit hdp véi su thay ddi dién trd.
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Cam bi€n bao gdbm mdt tAm silicon nhd (hay goi 12 mang ngin) day hon & hai mép
ngoai (khodng 0,25 mm) va méng § gitta (khodng 0,025 mm). Hai mép dugc lam kin
cling véi mit trong clia tim silicon tao thanh budng chian khdng trong cdm bién. Mit
ngodi tAm silicon ti€p xtc véi 4p sudt dudng 6ng nap. Hai mit cla tdm silicon dugc phd
thach anh d€ tao thanh dién trd 4p dién (Piezoresistor).

1. Mach bdn din 1

2 Buéng chdn khong

3. Gidc cdm

4. Loc khi 2 3
b) Puong éng nap

Hinh 24: Cdam bién dp sudt duong ong nap

Khi 4p sudt dudng dng nap thay d6i, gid tri cla dién trd 4p dién sé& thay ddi. Cac
dién trd dp dién dudc ndi thanh cAu Wheatstone. Khi mang ngin khong bi bién dang
(twong Ung vé6i trudng hgp dong co chua hoat dong hodc tdi 16n), tAt cd bon dién trd dp
dién déu c6 gia tri bing nhau va lic dé khong c6 su chénh 1éch dién 4p gifta 2 diu cau.
Khi 4p sudt dudng dng nap gidm, mang silicon bi bi€n dang din dén gid tri dién tr§ 4p
dién ciing bi thay d&i va 1am ma't cAn biing cAu Wheastone. K&t qua 1a giita 2 dau cAu s&
c6 su chénh léch dién 4p va tin hiéu nay dugc khuéch dai d€ diéu khién md transistor &
ngd ra cia cdm bi€n ¢6 cuc C treo. PO md cla transistor phu thudc vao dp sudt dudng
ong nap din téi sy thay d6i dién 4p bdo vé ECU.

ECU

Khuéch dai

Hinh 25: So do nguyén Iy cam bién dp xudt duong dng nap
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b. Mach dién
ECU

VC VC

l % 5V
PIM PIM

E2 E2

A
L%ZJ LM —

Hinh 26: Mach di¢n cam bién dp xudt duong dng nap

c. Puong ddc tuyén A

N 4 |
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S 2
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<
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150 450 750 ot
200 (60) (100)  (xpa)

Hinh 27: Puong ddic tuyén ciia MAP sensor
Hién nay trén cdc 6 to, ton tai 2 loai cAm bi€n do 4p sudt tuyét doi trén dudng dng
nap khdc nhau vé tin hiéu diu ra: dién th€ (TOYOTA, HONDA, DAEWOO, GM,
CHRYSLER...) va tAn s6(FORD). G loai MAP dién thé, gid tri dién thé thap nhat (lic
canh buém ga déng hoan todn) va gi4 tri cao nhat ( lic toan tdi) cling phu thudc vao loai
xe, gdy khé khin cho viéc 14p Ian.

¢ Loai di¢n dung

Cam bién nay duva trén nguyén ly thay d6i dién dung tu dién. Cam bi€n bao gdbm
hai dfa silicon dit cdch nhau tao thanh budng kin & gifta. Trén mdi dia c6 dién cuc ndi
hai tAm silicon v6i nhau. Ap sud't dudng 6ng nap thay d8i sé& 1am cong hai dia vao hudng
bén trong, lam khodng c4ch giita hai dia gidm khi&n ting dién dung tu dién. Sy thay ddi
dién dung tu dién sinh tin hiéu dién dp gdi vé ECU dé nhan biét 4p suit trén dudng dng
nap.
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Hinh 28: So' do cdu tao cam bién MAP loai dién dung
¢ Loai sai léch tif tuy&n tinh
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Hinh 29: So' do nguyén Iy MAP sensor loai sai léch tir tuyén tinh

C4m bi€n nay bao gdbm mdt cudn diy so cAp, hai cudn diy thit cAp quin ngugc
chiéu nhau va mot 16i sit di chuyén. Mot ngudn dién 4p xoay chiéu dugc cung cip cho
cudn so cap. Khi 16i & vi tri gifta, chénh 1éch dién thé giita hai cudn thit cAp bing khong.
Khi 4p sudt dudng dng nap thay ddi, budng khi dp sé hit 16i thép di chuyén phit hgp véi
tdi dong co, lic nay tir thong qua hai cudn thit cAp sé khdc biét gdy nén su chénh I&éch
dién th€. Tin hiéu dién thé tir cdc cudn thi cAp dugc gdi vé ECU nhin biét tinh trang 4p
sult trén dudng 6ng nap.

3.2 Cam bién toc dp dong co va vi tri piston.

Cdm bién vi tri piston (TDC sensor hay con goi 1a cdm bién G)
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bdo cho ECU biét vi tri tf di€m thugng hoic trudc ti di€m thugng clia piston.
Trong mot s6 trudng hgp, chi c6 vi tri clia piston xylanh s& 1 (hoic s& 6) dudc bio vé
ECU, cdn vi trf cdc xylanh con lai s& dudc tinh todn. Cong dung ctia cdm bi€n nay la dé
ECU xdc dinh thdi di€ém ddnh Itra va c3 thdi di€m phun. Vi viy, trong nhiéu hé thong
diéu khién dong cd, s6 xung phét ra tir cdm bi€n phu thudc vao ki€u phun (doc lap,
nhém hay dong loat) va thudng biing s6 1an phun trong mdt chu ky. Trén mot s6 xe, tin
hiéu vi tri piston xylanh s& 01 con dung lam xung reset dé ECU tinh todn va nhip gid tri
mdi trén RAM sau mdi chu ky (2 vong quay truc khuyu).

Cdm bién toc dp dong co (Engine speed ; crankshaft angle sensor hay con goi la
tin hiéu NE)

diing dé bio toc d6 dong co d€ tinh todn hoic tim géc ddnh Ita t6i wu va lugng
nhién liéu s& phun cho tirng xylanh. Cdm bi€n nay ciing dugc dung vao muc dich diéu
khién t6c d6 cAm chirng hodc cit nhién liéu & ch&€ dd cAm chirng cudng biic.

C6 nhiéu cdch bd trf cdm bi€n G va NE trén dong co: trong delco, trén banh da,
hodc trén banh ring c6t cam. P6i khi ECU chi dua vao mdt xung 18y tir cdm bié€n hoic
IC ddnh Itra &€ xdc dinh vi tri piston 14n t6c d6 truc khuyu.

C4m bié&n vi tri piston va cdm bi€n t6c dd dong cd c6 nhiéu dang khic nhau nhur:
cdm bién dién tf loai nam chAm quay ho#c ditng yén, cdm bi€n quang, cdm bi€n Hall...

A. Logi dung cdm bién di¢n tir

a. Cdu tao

Cudndiy . Rotor phdt Rotor phdt Cuénﬂﬂy
phdt xung G zung G xung HE phdt xung ME

Hinh 30: So' dd bo tri cdm bién G va NE trén xe TOYOTA

Trén hinh 30 trinh bay sd d6 bd tri clia cdm bién vi tri xylanh va tdc do dong co
dang dién tir trén xe Toyota loai nam cham ding yén. Mdi cdm bi€n gdm c6 rotor dé
khép mach tif va cudn diy cdm ¢ng ma 16i gdn v6i mot nam chadm vinh ctru ding yén.
S& ring trén rotor va s6 cudn diy cAm tng thay ddi tiy thudc vao loai dong cd. Phan ti
phét xung G c6 thé c¢6 1; 2; 4 hodc 6, con phin tif phdt xung NE c6 thé c6 4; 24 hoic sit
dung s8 ring clia banh da. O ddy ta xem xét cdu tao va hoat dong clia bd tao tin hiéu G
va NE loai mot cudn cam dng — mot rotor 4 rdng cho tin hiéu G va mot cudén cdm dng -
mot rotor 24 rdng cho tin hiéu NE. Hai rotor ndy gin dong truc véi bo chia dién, banh
ring tin hiéu G nim trén, con banh ring phat tin hiéu NE phia duéi.
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Hinh 31: So do nguyén ly ciia loai ditng cdm bién dién tic
b. Nguyén ly hoat dong (xem hinh 31)

B6 phan chinh clia cdm bi€n 12 mot cudn cdm tng, mot nam chim vinh cttu va
mot rotor ding d€ khép mach tir c6 sd ring tiy loai dong co. Khi cya ring ciia rotor
khong nim d6i dién cuc ti, thi tir thong di qua cudn diy cdm ng s& c6 gia tri thap vi
khe hd khong khi 16n nén ¢6 tir trd cao. Khi mdt cya ring dén gan cuc tif clia cudn day,
khe hé khong khi gidm din khi€n tir thong ting nhanh. Nhu vdy, nhd su bi€n thién tir
thong, trén cudn ddy s& xut hién mo sic dién dong cAm ng. Khi cya ring rotor doi
dién véi cuc tir cia cudn day, tir thong dat gid tri cuc dai nhung dién 4p & hai dau cudn
day bing khong. Khi cua ring rotor di chuyén ra khéi cuc tir, thi khe hd khong khi ting
dan Iam tir thdng gidm sinh ra mot stic dién dong theo chiéu ngudc lai.

° Tin hiéu G

Cudn cdm nhin tin hiéu G, gin trén than clia bd chia dién. Rotor tin hiéu G c6 4
ring s& cho 4 xung dang sin cho mdi vong quay cta truc cam. Xem hinh 32.

o Tin hiéu NE

Tin hiéu NE dudc tao ra trong cudn cdm cling nguyén 1y nhu tin hiéu G. Piéu khic
nhau duy nhit 1a rotor clia tin hiéu NE ¢6 24 ring. Cudn day cAm bi&€n s& phdt 24 xung
trong mdi vong quay cia delco.

Mach dién va dang xung

1. Tin hiéu G (1 cudn kich 4 rdng)
Tin hiéu NE (1 cudn kich 24 rdng).
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Hinh 32: So dé mach dién va dang tin hiéu xung G va NE.

Mt s6’ mach dién va dang xung ctia tin hi¢u G va NE véi s6 rang khdc nhau trén

T0YOTA

2. Tin hiéu G (1 cuon kich, 2 rdang).
Tin hiéu NE (1 cudn kich, 24 rdng).

@W_

G

G-

)

NE

i 180°CA

. 180°CA |

Tin hiéu
G
| | o
Tin hiéu
\WVAANMAY ™

Hinh 33: So' do va dang xung loai 2/24
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3. Tin hiéu G; va G, (2 cudn kich, 1 rdng).
Tin hi€u NE (1 cudn kich, 24 ring)

— 720° CA

G1 / V % Tin hiéu
@ . )
o ————4
|/ G- Tin hiéu

Gl
NE

00000 —1¢ Tin hiéu
NE

\ J
Hinh 34: So' db va dang xung loai 1/24

4. Tin hiéu NE (1 cudn kich, 4 rdang).
N

1 —

180° CA

>

NE

Igniter

Engine ECU

Tin hi€éu NE

Hinh 35: So' do va dang xung logi 1 cuén ddy chung cho G va NE
két hop v6i IC ddanh lita

5. Tin hiéu G (1 cudn kich, 1 rdng).
Tin hiéu Ne (2 cudn kich, 4 rdang).

SR
G
] .
@} l_ 0000 G Tin (;néu
] B /o
m
£ 180°CA
%D Tin hiéu
Lu ¥
B f NE
% NE-
—

Hinh 36: So do va dang xung loai 1/4
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Tin hiéu NE (2 cudn kich, 4 rdang)

)
NE
(¢}
- 180" CA
< :Z;: . o
&
£ | Tin hi¢
B NE
NE- | M
—

Hinh 37: So' db va dang xung loai 2 cuén ddy chung cho G va NE

7. Tin hiéu G (1 cudn kich, 1 rdng).
Tin hiéu NE (2 cudn kich, 4 rdang).

'S

(= 5
— T ——————¢
G-

Tin

o [ hiewa
Q .
s PNEL 2
£ mn| 2| soca
20 / Tin hiéu
NE

Hinh 38: So do va dang xung ciia loai 4/4 két hgp IC danh lita
B. Logi ditng cdm bién quang
a. Cdu tao

May 53 3

May si 4 \{(/7/'0 a0
van h nqoal

Hinh 39: Céu tao cam bién quang

Rotor ctia cdm bié€n (dugc ldp vdi truc delco) 12 modt dia nhom mdng khic vach.
Vanh trong ¢6 s rinh twong tng véi s6 xylanh trong d6 ¢6 mdt ranh rong hon ddnh diu
vi tri piston mdy s6 1. Nhém cédc rinh nay két hgp vé6i cip diode phit quang (LED) va
diode cdm quang (photodiode) con goi 12 photocouple tht nhat 1a bd phan d€ phdt xung
G. Vanh ngoai clia dia c6 khic 360 rinh nhd, mdi rinh déu ng véi 2° gc quay cla truc
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khuyu. Diode phat quang va diode cim quang thi hai dit trén quy dao cia ranh nhd tao
thanh bd phdn phat xung NE.

b. Mach dién

Accu
iy
D N
L — NN\, —— CB vi tri
piston
L : WA
. 1
T —AM——
_— = 5V
21 ’\/\/\/—>_2
CB t6¢
do dong
ca
1
02 vong quay truc khuyu
) 5V
CB toc do N
ddng co ov
CB vi tri piston 5V > Khi dnh sdng ciia LED di qua rdnh
ov

Hinh 40: Mach di¢n cdm bién quang va dang xung ra

Khi dia quay, cdc rdnh 1an lugt di qua photo-couple. Liic nay, 4nh sing tir dén
LED chiéu t6i photodiode chiing tré nén din dién. Khi d6 dién 4p & ngd vao (+) ctia OP
AMP s& 16n hon dién dp & ngd vao (-), vi th&, & ngd ra OP AMP dién 4p sé€ § mic cao.
Khi rdanh ra khéi photo-couple, photo-diode khong nhdn dugc dnh sing tit dén LED,
dong dién bi ngdt dot ngot nén dién dp & ngd vao (+) cia OP AMP biing 0. K&t qud la
dién 4p & ngd ra cia OP AMP xudng mifc thip. Cdc xung G va NE & ddy déu la dang
xung vudng c6 gid tri cao nhatla 5V, thap nhatla OV.
3.3 Cam bién buém ga (throttle position sensor)

C4m bi€n vi tri cdnh buém ga dudc ldp § trén truc cdnh buém ga. Cam bién nay
déng vai trd chuyén vi tri géc mG cdnh buém ga thanh tin hiéu dién thé gi dé€n ECU.

Tin hiéu cAm chirng (/DL) dung d€ diéu khién phun nhién liéu khi ting tc va
gidm toc cling nhu hiéu chinh thdi di€m ddnh Ira. Trén mot s6 xe, cAm bién vi tri buém
ga con gitip ECU diéu khién hop s6 ty dong.

Tin hiéu toan tdi (PSW) dung d€ ting lugng xing phun & ché& do6 toan t3i d€ ting
cong suit dong co.

C6 nhiéu loai cAm bi€n vi tri cAnh buém ga, tlly theo yéu cau va thi€t k& trén cic
ddi xe ta thudng c6 cac loai:
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a. Logi cong tic
° Ciu tao
— MOt can xoay dong truc véi cinh buém ga.
— Cam din huéng xoay theo can.
— Tiép di€m di dong di chuyén doc theo rinh ctia cam din huéng.
— Tiép di€m cam chirng.

g 4 < .
— Tiép diém toan tai.

1! 2-contact type

Hinh 41: Cdm bién cdnh buém ga logi cong tic

° Hoat dong

— O ch€ d cAm chirng: Khi canh buém ga déng (géc m3 < 5°) thi ti€p diém di
dong sé ti€p xiic vdi ti€p di€m cAm chirng va géi tin hiéu dién th€ thong bdo cho ECU
bi€t dong co dang hoat ddng & mic cAm chirng.

— Tin hiéu nay ciing diing dé cit nhién liéu khi dong co gidm tc dot ngot (ché
dd cam chirng cudng biic). Vi du, khi xe dang chay & t6c do cao ma ta mudn gidm tdc
dd, ta nha chan ban dap ga thi ti€p diém cAm chirng trong cdng tic cinh budm ga déng,
bdo cho ECU biét dong cd dang gidm tdc. NEu toc do dong cd vugt qua gid tri nhit dinh
tiy theo titng loai ddng cd thi ECU sé& diéu khién cit nhién liéu cho d&n khi téc dd dong
cd dat t6c d6 cAm chirng 8n dinh.

— O ch€ do tai 16n: Khi canh buém ga mé khodng 50° — 70° (tuy tirng loai dong
cd) so v6i vi tri d6ng hoan toan, ti€p di€m di dong ti€p xic vdi ti€p di€m toan tai va gdi
tin hiéu dién th€ d€ bao cho ECU biét tinh trang tdi 16n clia dong cd.

e Mach dién: C6 hai loai:
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* Loai dm cho

C4m bién vi tri

budm ga EC

+B or 5V
L

+B or 5V
L
1 \ /

IDL

g PSW

Hinh 42: Mach dién cam bién vi tri canh buém ga loai am cho
bién dp 5V di qua mot dién trd trong ECU dwa dén cuc IDL va cuc PSW. o) vi tri
cam chirng dién 4dp tir cuc IDL qua cong tic ti€p xiic IDL vé mass. O vi tri toan tdi dién
4p tir c'c PSW qua cong tic ti&p xtic PSW vé mass.

* Loai duong cho
C4m bién vi tri
budm ga
o )
ECU
I1DI
B or 5V
TL | *
) VV\ o
e PSW|
1

Hinh 43: Mach dién cdam bién vi tri buém ga loai duong cho

b. Cam bién vi tri canh buém ga loai bién tré

Loai lién tuc Vanh truot-tiép
/ @ diém cho tin
i u IDL
A NN\ i
SN = E
™ s iDL
VTA
Vee

Vanh truot-tiép
diém cho tin
hiéu géc mé

Mé&

Pién trd

Hinh 44: Cam bién cdnh buém ga loai bién tré
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Loai ndy c6 ciu tao gdm hai con trugt, & ddu mdi con trugt dugc thiét k& cé cdc
ti€p di€m cho tin hiéu cAm chirng va tin hiéu géc md canh buém ga, c6 cAu tao nhu hinh
44,

Mach dién

Engine ECU
Throttle position 9ine

sensor

] vel oy |
(Open) VTA |R1*$
4>
/ o IDL [R2*Y_ .\ +B
E2 s
¢
(Closed) E1
] I_
\____

To other ECU(s)
Hinh 45: Mach dién cam bién vi tri canh buém ga loai bién tré
Mot dién 4p khong ddi SV tir ECU cung cAp dén cyc VC. Khi cinh buém ga md,
con trugt trugt doc theo dién trd va tao ra dién dp ting dan & cuc VTA tuong Gng véi gbéc
md cdnh buém ga. Khi canh buém ga déng hoan toan, ti€p di€m cAm chirng ndi cyc IDL
véi cuc E2. Trén da sd céc xe, trit Toyota, cdm bi€n buém ga loai bi€n trd chi c¢6 3 day
VC, VTA va E2 ma khong c6 day IDL.

c. Mjt 56 loai cdm bién vi tri cdnh buém ga cé thém cdc gidc phu

Trén xe c6 trang bi hop s6 tw dong, khi sang s6 cdm bién vi tri cdnh buém ga sé&
ddng thdi bat sang vi tri L1, L2, L3 tuong ng v6i cdc vi tri tay s6. Tin hiéu nay dugc gdi
vé ECU dé diéu chinh lugng xing phun phit hop véi ché dd tai.

Cé6 cuc ndi L

Hinh 46: Cdam bién
cdnh buom ga co thém
vi tri tay s6 PSW

iDL

D6i v6i loai cdm bi€n ¢ cong tic ACCI va ACC2. Khi dong cd ting toc & cdc ché
dd khac nhau, tin hiéu tir hai vi tri cong tic nay dudc gdi vé ECU diéu khién ting lugng
xidng phun ddp tng dugc qud trinh ting téc dong co.
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Cé cuc néi Acc

Hinh 47: Cdm bién cé cong tic ACCI va ACC2

Mot s6 cdm bi€n c6 thém cdng tic chdy ngheo (lean burn).

Loai 3 tiép diém

s

EeLw

=

Hinh 48: Cdm bién buém ga cé thém cong tdac chdy ngheo (LSW)
3.4 Cam bién nudc lam mdt va cam bién nhiét do khi nap

a. Cdam bién nhiét dp nuéc lam mdt (Coolant water temperature sensor)

Dung dé€ xdc dinh nhiét do dong cd, c6 ciu tao 1a mdt dién trd nhiét (thermistor)
hay 1a mot diode.

* Nguyén ly

31



VMVN— Bo 8ndp

Cam
bién B chuyé Pién u6
nhiét do QS uyén 1¢nA9r
. doi A/D chuan

nugc

Hinh 49: Mach di¢n ciia cdm bién nhiét dp nuéc lam mdt

Dién tr nhiét 12 mdt phan ti cdm nhin thay d6i dién tr§ theo nhiét do. N6 dugc
lam biing vat liéu ban din nén c6 hé s& nhiét dién trd Am (NTC —negative temperature
co-efficient). Khi nhiét d ting dién tr§ gidm va ngugc lai. Cdc loai cdm bién nhiét do
hoat dong cling nguyén ly nhung mifc hoat dong va sy thay ddi dién trd theo nhiét dd c6
khdc nhau. Sy thay d6i gid tri dién trd s& 1am thay ddi gi4 tri dién 4p dudc gdi d€n ECU
trén nén tdng cAu phan 4p.

Trén sd dd hinh 49 ta c6:

bién dp 5V qua dién trd chuén (dién trd nay c6 gia tri khong d6i theo nhiét dd) tGi
cam bié€n r6i tr§ vé ECU vé mass. Nhu vdy dién tr§ chudn va nhiét dién trd trong cim
bi€n tao thinh mdt cAu phin 4p. Pién 4p diém giita cau dudc dua d&€n bd chuyén ddi tin
hiéu twong ty - s& (bd chuyén ddi ADC — analog to digital converter).

Khi nhiét do dong co thap, gid tri dién trd cdm bi€n cao va dién 4p gli dén bod
bi€n ddi ADC 16n. Tin hiéu dién 4p dugc chuyén ddi thanh mot diy xung vudng va dudc
gidi ma nhd bd vi xit Iy dé thong bdo cho ECU biét dong co dang lanh. Khi dong co
néng, gid tri dién tr§ cdm bi€n gidm kéo theo dién dp dit gidm, bdo cho ECU biét la
ddong co dang néng.

* Cdu tao

Thudng 12 tru rdng c6 ren ngoai, bén trong cé gin mot dién tré dang ban din c6
hé s nhiét dién trd Am.

3 2 1
mﬁ
] {
N—3

Hinh 50: Cdm bién nhiét dp nudc lam mdt
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1. Bdu ghim; 2. Vé; 3. Dién tré (NTC)
O dong co lam mét bing nude, cdm bién dugce gin & thin méy, gdn bong nuée lam
m4t. Trong mot s6 trudng hop, cdm bién dude ldp trén ndp mdy.

Mach dién

ECU

Dén relay chinh / \

B 5V Vce

+B;

ADC CPU

E,»
THW E, E,

- /

Cam bién nhiét do
nudc lam mat

Hinh 51: Mach dién cdm bién nuéc lam mdt

Duong ddc tuyén R(kQ) 4
20 |
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s |
, b
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| | »
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-4 12 68 104 140 176 212 °F

Hinh 52: Puong ddc tuyén ciia cam bién nudc lam mdt

33



b. Cam bién nhi¢t dp khi nap (intake air temperature hay manifold airtemperature
Sensor).

Cam bién nhiét d6 khi nap ding dé€ xdc dinh nhiét do khi nap. Ciing gidng nhu
cdm bi€n nhiét 36 nudc, né g6m c6 mot dién trd dugc gin trong bd do gié hoic trén
dudng dng nap.

Ti trong cta khong khi thay d8i theo nhiét do. N&u nhiét do khong khi cao, ham
lugng oxy trong khong khi thap. Khi nhiét do khdng khi thdp, ham lugng oxy trong
khong khi ting. Trong cdc hé thong diéu khi€n phun xing (trir loai LH- Jetronic vdi cdm
bi&n do gi6 loai day nhiét) lvu lugng khong khi dugc do bdi cdc b do gié khac nhau chi
y&u dugc tinh bing thé tich. Vi vdy, khdi lugng khong khi s& phu thudc vio nhiét do clia
khi nap. P3i véi cdc hé thdng phun xing néu trén (do Iuu lugng bing thé tich), ECU
xem nhiét dd 20°C 1a mitc chuin, n€u nhiét dd khi nap 16n hon 20°C thi ECU sé diéu
khi€n gidm lugng xing phun; n€u nhiét d6 khi nap nhd hon 20°C thi ECU sé& diéu khién
ting lugng xdng phun. V6i phudng phdp nay, ti 16 hdn hgp sé& dugc ddm bdo theo nhiét
dd moi trudng.

Pau ghim.
Pién tr6 NTC
4
1
Hinh 53: Cdm bi€n nhiét d6 khi nap
Mach dién
ECU
DPén relay chinh / \
Vce=5V
+B
+B;
ADC CPU
we —
E,
THA E, E,

\_ /

C4m bi&n nhiét do
khi nap

Hinh 54: Mach dién ciia cam bién nhiét dp khi nap
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3.5 Cam bién khi thdi (Exhaust gas sensor) hay cam bién oxy (Oxygen sensor)

P& chéng 6 nhiém, trén cic xe dugc trang bi bdo héa khit (TWC - three way
catalyst). B hda khit s& hoat dong v6i hiéu suat cao nhat & ti 16 hoa khi 1y twdng tic A
=1.

Cam bi€n oxy dudc ding dé xdc dinh thanh phin hoa khi tic thdi cia dong co
dang hoat dong. N6 phat ra mot tin hiéu dién th& gdi vé ECU dé diéu chinh ti 1& hoa khi
thich hgp trong mot diéu kién 1am viéc nhat dinh (ch€ do diéu khién kin - closed loop
control).

C4m bién oxy dudc gin & dudng dng thdi. C6 hai loai cdm bi€n oxy, khic nhau
chii y&€u & vat liéu ché tao:

— Ché tao tir dioxide zirconium (ZrO»).

— Ché tao tir dioxide titanium (TiO,)

A. Cam bién oxy véi thanh phén Zirconium

a. Nguyén ly hoat dong

1. Pém din dién
2. Than
3. Chat dién phan kho

4,5. Pién cuc ngoai va trong

Hinh 55: Cam bién véi thanh phdn zirconium

Loai nay dudc ché tao chd yé&u tir chit zirconium dioxide (ZrO;) c6 tinh chit hip
thu nhitng ion oxy 4m tinh. Thyc chit, cAm bi€n oxy loai ndy 12 mot pin dién cé siic
dién dong phu thudc vao néng dd oxy trong khi thdi véi ZrO, 1a chi't dién phan. Mit
trong ZrO; ti&p xtc v6i khong khi, mit ngoai ti€p xic véi oxy trong khi thai. & mdi mit
clia ZrO, dugc phi mot 16p dién cyc bing platin @€ din dién. LSp platin nay rit mdng
va x&p d€ oxy dé& khuyéch tdn vao. Khi khi th3i chira lugng oxy it do hdn hgp gidu nhién
liéu thi s6 ion oxy tap trung & dién cuc ti€p xiic khi thdi it hon s& ion oxy tip trung &
dién cyc ti€p xiic khong khi. Sy chénh léch s6 ion nay sé& tao mot tin hiéu dién 4p
khodng 600-900 mV. Ngudc lai, khi d6 chénh 1éch s ion § hai dién cyc nhd trong trudng
hop ngheo xiing, pin oxy sé& phét ra tin hiéu dién 4p thap khodng 7100-400 mV.

Sttc dién dong ma cdm bi&n oxy sinh ra dugc tinh theo cong thitc Nerst:

35



E _ RT In Po,,.
ZF Po,

Trong d6: R:  hingsd

T: nhiét do dién cuc bing platin
F: hiing s6 Faraday
Z: dién tich cda Zr = 4

Poykt:  4p suit cuc bo clia oxy trong khi thai.
Poykk: 4p suat cuc bd clia oxy trong khong khi.

b. Céu tao

& —"

Hinh 56: C&u tao cdm bién oxy loai Zirconium
1. Thdn ; 2. Bém ; 3. Ddy néi; 4. Vé ; 5. Thanh tiép xiic;
6.Gom Zro, ; 7.Mang bdo vé

Than cdm bi€n dudc giit trong mdt chan c ren, bao ngoai mt 6ng bdo vé va dugc
ndi vdi cdc dau day dién.

Bé miit clia chit ZrO, dudc phi mot 16p platin méng c& mit trong 1An mit ngoai.
Ngoai 16p platin 12 mot I6p gdm ZrO, rat x6p va k&t dinh, c6 nhiém vu bdo vé 16p platin
khong bi héng do va cham cdc phan tif rin c6 trong khi thdi. Mot 6ng kim loai bido vé
bao ngoai cAm bién tai ddu mdi dién udn kép giit lién vdi vé dng nay c6 mot 16 dé bu
trir 4p sudt trong cAm bi€n va d€ d5 10 xo dia. D€ giit cho muoi than khong déng vao 16p
gém ZrO, , diu ti€p xic khi thdi cda cdm bi€n c6 modt dng dic biét c6 cau tao dang rinh
dé khi thdi va phin tif khi chdy di vio sé bi giif va khong ti€p xiic truc ti€p vdi thin gdm
ZI'OQ.

Pic di€m clia pin oxy véi ZrO, 13 nhiét d6 1am viéc phdi trén 300°C. Do d6, dé
gidm thoi gian chd, ngudi ta ding loai cdm bi€n ¢6 dién trd ty nung bén trong. Pién trd
day nung dugc 13p trong cdm bi&n va dudc cung cip dién tir accu.

36



¢. Mach dién

Engine ECU
Piu kiém / \ A S
tra 0,45V S Hoa khi 1y thuyét
| «W E
(0):¢ E (
=
1A Cam R §
7 | bi€n oxy Ey s /
\_ /& |Nghtohon Giuhgn

Hinh 57: Mach dién ciia cdm bién oxy loai zirconium

B. Cdam bién oxy véi thanh phdn titanium

a. Cdu tao

Hinh 58: Cam bién oxy loai titanium

C4m bié€n nay c6 ciu tao twong tu nhu loai zirconium nhung thanh phan nhin biét
oxy trong khi thdi dudc Iam t titanium dioxide (TiO,). Pic tinh clia chdt nay la su thay
ddi dién trd theo ndng dd oxy con trong khi thai.

Khi khi thdi chita lugng oxy it do hdn hdp giau nhién liéu, phan tng tdch oxy khoi
TiO, dé x4y ra. Do d6 dién trd ctia TiO, c6 gia tri thap 1am dong qua dién tr§ ting 1én.
Nho vay dién 4p dit vio cdng so cia OP AMP qua cau phan dp dat gid tri 600-900 mV.
Khi khi thdi chita lugng oxy nhiéu do hdn hdp ngheo, phdn tng tich oxy ra khdi TiO,
khé xdy ra, do d6 dién trd cda TiO, c6 gid tri cao lam dong qua dién trd gidm, dién thé
& cdng s& gidm xudng khodng 100-400mV.

Pién trd suit cia chat TiO,:

1 E,

p=A-P]-exT

Trong dé6:
A: hingso
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P: 4p suat cuc bd clia oxy trong khi thdin =4

Eo: ndng lugng kich thich Engine ECU
hing s&
¢ ) v
T: nhiét dd cta chat TiO2
Cam
X 0,45V
b. Mach di¢n bién oxy
OX >
PAiu ki€ém R
tra

.

Hinh 59: Mach dié¢n ctia cam bién oxy logi titania

3.6 Cdm bién toc do xe (vehicle speed sensor)

Cam bi&n nay nhan biét toc do xe dang chay sau d6 gdi tin hiéu vé ECU d€ diéu
khién t6c d6 cam chirng va ti 1& hoa khi phit hop khi ting t6c hodc khi gidm tdc.

C6 bdn loai cdm bién toc do:

- Loai cOng tic tu.

- Loai cdm bién Hall.

- Loai cdm bién tir trd.

- Loai cdm bi&€n quang.

Trong quyén sdch nay chi trinh bay loai cim bi€n cong tic tir vi cic loai khic
tudng tv nhu cdc cdm bi€n danh Iita.

e (Cam bién toc do xe loai cong tiac tir

*¢ Cdu tao
L4 ndi day congtomet

1 ~
Nam chdm Geckon

Hinh 60: Cam bién téc do xe
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C4m bi€n bao gdm mot nam chaim duge gidn v6i diy ndi véi ddng hod toc do xe va
quay theo diy. Mot cong tic dugc dit doi dién v6i nam chAm. Khi nam chim quay theo
day ddéng hd téc do, cong tic s& dong md theo chidu clia luc tir.

Khi nam chAm quay & vi tri song song v&i cong tic, chiéu clia Iyc tir s& cdm ing
trén cong tic thinh hai nam chdm ciing cuc 1am chiing d4y nhau, cong tic & vi tri m4.

Céc tin hiéu tir vi tri déng md cla cong tic s& dugc dua truc ti€p téi ECU ma
khong qua bd chuyén d6i xung nhd tin hiéu séng vuong. Tai ddy ECU sé& diéu khién ti
1é hoa khi phit hgp khi ting toc hodc gidm toc.

Mach dién

4 ~ 1)

C4m bién
tdc do loai

Cam bién

, cong tic tr SPD
toc do %
kiéu Hall \
T,

T,
> CPU
. 4

bén ECU \ /
hop so tu

— -1 dong

Hinh 61: So d6 mach cam bién toc do xe
3.7 Cdm bién kich né (knock or detonation sensor)

Cam bi&n kich nd thudng dugc ché tao bing vat liéu 4p dién. N6 dugc gin trén
than xylanh hoic nip may d€ cdm nhan xung kich nd phat sinh trong dong cd va gdi tin
hiéu nay t6i ECU lam tré thdi di€ém d4nh Ira nhim ngin chin hién tugng kich nd.

a. Céu tao va nguyén ly hoat djpng

— *
3 g ol 2 ¢ 7
™ N
2 ' i N E\ > —=
T —— \ : ~\\ } _—‘1’/:”

5
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N

N
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77
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N
N

Hinh 62: Céu tao cam bién kich né
1.Ddy cdm bién; 2. Tinh thé thach anh;
3.Khoi luong qudn tinh; 5.Ndp; Dady dan; 7. Pdu cdm bién
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Thanh phin 4p dién trong cAm bi&n kich nd dugc ché tao bing tinh thé thach anh

la nhitng vat liéu khi c6 ap luc s€ sinh ra di€n

4p (piezoelement). Phan ¥ 4p dién dugc

thi€t k& c6 kich thuSc v6i tan s6 riéng triing v6i tin s6 rung clia dong cd khi cé hién

tugng kich nd d€ xay ra hiéu tng cong hudng

(f = 7kHz). Nhu vay, khi c6 kich nd, tinh

thé thach anh sé& chiu 4p luc 16n nhat va sinh ra mot dién 4p. Tin hiéu dién 4p nay c6 gid
tri nhd hon 2,4 V. Nhd tin hiéu nay, ECU nhan biét hién tugng kich nd va diéu chinh
gidm géc danh Itra cho d&n khi khong con kich nd. ECU sau d6 c6 thé chinh thdi diém

ddnh 1ta s6m trd lai.

Voitage —High

Ltow <=  Fraquency —>H|Qh

g
lgnition lgnftion
*‘v Sirong -‘ ]
Weak
5 /
KNK Ulmmmmﬂiﬂmﬂmwm

: signal gl

Tiﬁe -

KNK SIGNAL

Hinh 63: Pé thi biéu dién tin sé kich né

b. Mach dién

CAm bién kich nd

Engine ECU
O

L]

KNK

-

—

Hinh 64: Mach di¢n cdm bién kich né

3.8 Diéu khién nhién li¢u

a. Cdu tao bom xdng

Tuy theo nha ch€ tao va ndm sidn xudt ma bom xdng dugc dit trong hodc ngoai
thiing xing. Hién nay, bom xing st dung cho c4c hé thdng phun xiing c6 hai loai:

— Loai cdnh quat.

Loai con lan.

Hai loai nay con goi la bom ki€u u6t vi motor va bod phan bom dugc dit trong vo
boc, vé boc nay ludn ludn chira day xing, nhim muc dich 1am mat khi bom xidng hoat

dong.
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° Loai bom canh quat

Loai bom nay thudng dugc dit trong thung xdng. So vdi loai con lin thi loai nay
c6 vu diém 12 it giy ti€ng dn va khong tao ra dao dong trong mach nhién liéu nén dugc
dung rOng rai.

Bom nay dudc cAu tao bdi cdc thanh phan sau:

— Motor dién

— B0 phén cong tic ctia bom

—  Van kiém tra (van mdt chiéu)

— Van gidm dp va loc.

Van 1 chigy ——————— L j

Van an toan

Chéi than

Rotor
Motor

Stator

Cénh bom

Nép bom

Hinh 110: Bom cdnh quat

Motor: 1a dong co di€n mot chiéu.

Bdnh cong tdc: c6 tr 1 + 2 cdnh, quay nhd motor di€én. Khi motor quay banh cong
tdc s& kéo xdng tir clra vao dua dén ctta ra. Sau khi di qua cita vdo xiing s& di quanh
motor dién va d&€n van mot chiéu.

Van mét chiéu: van mot chiéu s& déng khi bom ngirng 1am viéc. Tdc dung clia n6
12 giit cho 4p suat trong dudng dng & mot gid tri nhat dinh, gitdp cho viéc khdi dong lai
dé dang. N&u 4p suit trong mach khdng dugc giit, do nhién liéu boc hoi hodc quay vé
thiing thi viéc kh&i dong lai sé ra't khé khin.
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Van an toan:  van lam viéc khi 4p suat ra vudt qua gia tri quy dinh. Van ndy c6
tdc dung bdo vé& mach nhién liéu khi 4p sudt vugt qud gidi han cho phép (trong trudng
hdp nghet dudng dng chinh).

Loc xdng: dung dé loc cin ban trong nhién liéu dugc gin trudc bom.

e Loai bom con lin

Loai nay dugc dit bén ngoai thiing xing va luén gin gan thiing d€ hiéu suit cla
bom dudc cao hon.

CAu tao bom nay gom cic thanh phin sau:

— Motor dién mot chiéu.

— BO phdn cong tic cia bom.

— Van gidm 4p va van mot chiéu.

Hoat dong cla motor dién, van gidm 4p va van mdt chiéu gidng nhu § bom cdnh
quat.

starter solenoid

switch
to oz ]
starter ® o & 1__
motor |
fusible e
fuel pump link ignition
pressure relief valve ballast resistor switch to
— T F+— ——— ——¢—ignition
roller type pump o i ool
'
~ ul non-return valve eriasGh
fuel .y fuel fuel pump
in ; out relay
T 5o
\ ECU
armature

roller type pump

Hinh 111: Bom con lan

Riéng bo phian bom 12 mot budng rdng hinh try, trong d6 c6 mot dia quay sai tim
dugc bo tri cdc con lidn trong c4c ranh va bit dinh vao rotor. Khi ¢c6 dong dién chay qua,
rotor quay s€ kéo theo dia sai tAim quay. Dudi tdc dung cia lyc ly tAm, cdc con ldn bi ép
ra ngodi tao mdt dém xoay vong lién tuc lam ting thé tich & clra vao va gidm thé tich
cla ra.
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Hinh 112 : Nguyén ly hoat dong ctia bom con lin

b. So do mach dién diéu khién bom xdng

Bom xiing c6 thé dugc diéu khién theo 3 cich:

— Khong qua hop ECU may nhu & hé thdng phun xiing v6i bo do gi6 ki€u trugt
TOYOTA.

— Qua hop ECU mdy nhung hoat dong theo nguyén ly ON — OFF .

— Qua hop ECU mdy dé thay d6i toc dd quay clia bom xing (hai cip d0: cao va
thap).
c. Mach diéu khién bom xdng khong qua hop ECU

L e +8 ,
Giac kiém tra o Fp Relay m& mach
1} . )
Bom nhién liéu
Relay chinh _— Fp E
Ly [
= Fi™e1 |
- - +8| $nd Cdng tac bom nhién liéu
|G -.!.- 2 l__I
= Zmode” )| ST Ebe ~"f{ | Cam bién luu lugng khi
0 e c
T Khéa dién STA Fc € il

1 ey i adn
o I =
- Nanizi

Giac kiém tra bom
nhién liéu 2P
... M6t vai dong co ¢

1

Hinh 113: Mach di¢n diéu khién bom xdng khong qua ECU
Bom xing ding cho hé thdng phun xing st dung bo do gié kiéu trugt trén xe
Toyota chi 1am viéc khi dong co hoat dong. P6 13 mot dic di€m an toan cho hé thong.
Khi khéi dong dong cd, dong dién tir accu di qua khda dién dén cudn diy L, clia
relay bom xing d&€n mass, tao luc hit ti€p di€m cla relay bom xing lam bom xing
quay. Pdng thdi, khi khdi dong canh gié clia cdm bi€n do gi6 cling di chuyén khdi vi tri
ban diu (nhd dong khi hiit vao dong cd) va déng ti€p diém bom xing & cAm bién do gid.
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Vi th€ & cudn day L; clia relay bom xing ciing ¢c6 dong dién chay qua tao thém
luc hiit d€ déng ti€p di€m clia relay bom xing. Khi may di nd, khod dién trd vé vi tri
IG (vi tri ON) thi cudn day L, cda bom xiing bi ngit dién chi con cudn L; giit cho ti€p
di€m van d6ng va bom xing ti€p tuc hoat dong.

d. Mach diéu khién bom xdng qua hép ECU mdy hoat dpng theo nguyén ly ON — OFF

Check
c¢ +B Fuel pump
connector
Fp Fp é
Main relay e L,
¢+— 00000 —
a\W o~ R C
WA | Be (0
L
oL ot | b
M = Ne

E
ECU
ST STA l To

Ignition switch — distributor

1 I—
Hinh 114: Mach di¢n diéu khién bom xdng cé ECU diéu khién

Nguyén 1y hoat dong tuong tu nhu loai & trén, chi khac nhau § tin hiéu diéu khién
bom xing. Khi khdi dong dong cd, ECU nhdn tin hiéu tdc dd dong co (NE) d€ diéu
khién transitor m3 cho dong dién qua cudn L, clia relay bom xing qua transistor vé
mass tao luc hit d€ dong ti€p diém relay bom xing. Khi khod dién trd vé vi tri IG dong
ti€p tuc qua cudn L; va bom xidng ti€p tuc hoat dong. Khi bat cong tic mdy tr vi tri OFF
sang vi tri ON, ECU s& diéu khié€n bom xing hoat dong trong khoang 2s dé giit cho 4p
lyc xidng trén dudng 6ng 6n dinh trude khi khdi dong. Trén coc chin dodn con dudc bd
tri du + B va FP gitip ndi mach bom xing va khong cAn nd may.

e.Mach diéu khién bom xding qua hop ECU mdy dé thay doi toc do quay ciia motor
bom xdng

o  J1tdcdsthap

Khi dong co dang chay & tdc do cam chirng hoic & diéu kién tdi nhe, ECU diéu
khién transistor md, c6 dong: tir accu - relay chinh - relay mé mach - cudn day cta relay
diéu khién bom - transistor — mass, tao luc hit 1am déng ti€p diém B, cung cAp dién cho
motor bom xing hoat dong qua dién tr§ R. Lic nay bom xing quay & t6c do thap, chi
cung cAp ludng xing cAn thi€t & téc dd chay cam chirng clia dong co.
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Relay mé mach

Relay diéu
khién bom xing

Relay chinh
—_— ‘Q& J— —_— P —_— _ Ae
‘ — — ~_ -
e L ' g | W l
Coéng tic may L T 2SR | bién tr
— '
P e\ ’ ! Cong tic didu
v IG '~\ L‘ | « R <
. - = ==, khi€n bom xdng
ST (TM-GE, ! ! ! Bom
! 1 <
- TMGET, | : BT 1 xdng
— M-REL) ‘ .
J— - - Fp —~—
ECU E

Hinh 115a: So'do diéu khién bom xdng qua ECU
vdi mach diéu khién toc do

e , A
O tdc do cao

Khi dong co dang chay & tdc d6 cao hoic tdi ning, ECU sé& diéu khién transistor
déng lai, ngidt dong qua cudn diy cda relay diéu khién bom. Tiép di€m dudc tra vé vi tri
A, cung cip dong truc ti€p d&€n bom. Nhd vdy bom quay vdi van téc nhanh d€ cung cip

lugng xdng cin thi€t cho ché€ d6 1am viéc ndy clia dong cdo.

Hinh 115b: Mach dién diéu khién bom xdng qua ECU

diéu khién toc dp bom
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Jf- B§ gidm rung dong

Ap sud't nhién liéu dugc duy tri § 2,55 - 2,9 kgf/cmz tuy theo do chian khong trén
dudng ong nap bing di€u 4p. Tuy nhién, vin c6 sy dao dong trén dudng 6ng do qud
trinh phun nhién liéu khong lién tuc. By gidm rung ddng cé tic dung hip thu cic dao
dong nay bing mot 16p mang.

™ T& bom nhién liéa

i 3
Ong phéan phdi

Hinh 116: B giam dao djong
g. B§ on dinh dp sudt (diéu dp)

Bo6 6n dinh 4p sud't 1am &n dinh 4p sut nhién liéu dén cdc kim phun. Lugng phun
nhién liéu dugc diéu khién biing thdi gian cda tin hiéu cung cAp dén cic kim phun. Mic
dui vay, do su thay d8i d6 chian khong trong duding 6ng nap, lugng nhién liéu phun ra sé
thay ddi va phu thudc vao luc hiit § ddy kim néu dp sut nhién liéu trén diu kim khong
ddi. Do d6, dé dat dugc lugng phun nhién liéu chinh xdc, tdng 4p sudt nhién liéu A va
dd chan khong dudng 6ng nap B hay d6 chénh 4p gifta dau kim va ddy kim phdi dudc
git khong d6i.

h. Hoat dong

Nhién liéu c6 4p sudt tir 5ng phian phdi sé& tdc dong vao mang clia di€u 4p lam md
van. Mot phan nhién liéu sé& chdy trg lai binh chita qua dudng dng hdi. Lugng nhién liéu
trd vé phu thudc vio d6 cing clia 10 xo mang. Ap suit nhién liéu ciing thay d6i theo
lugng nhién liéu hoi.

Ap thdp trén dudng dng nap dude din vao budng phia 10 xo mang, 1am gidm stc
cing 10 xo va ting luong nhién liéu hoi khi€n 4p suat gidm. N6i tém lai, khi do chan
khong clia dudng nap ting 1én (gidm 4p), 4p sudt nhién liéu chi gidm tuong Gng véi su
gidm 4p suat d6. Vi vay, tong 4p suit cia nhién liéu A va do chian khong dudng nap B
dugc duy tri khong doi.
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A+ B = 2,55 - 2,9 kgffem?
Manifold
pressure

Ap sudt nhién lidu

Ap sud’t khi quyén

MDé chan khéng duong
ong nap

@ Fuel outlet

Hinh 117: B¢ diéu dp va ddic tinh hoat djong
Van ty dong d6ng lai nhd 10 xo, khi bom nhién liéu ngirng hoat dong. K&t qud 1a
van mdt chiéu bén trong bom nhién liéu va van bén trong diéu dp duy tri 4p suat du
trong dudng dng nhién liéu.
B. Piéu khién kim phun
a. Nguyén ly két cdu kim phun
Sd @6 tdng quat ctia hé thdng diéu khién kim phun dudc trinh bay trén hinh 118.

e
[T1T ECU —’—LJ_ ’Ji_
VU U Vi o e
r 1 1

Tdc do Vi tri Lugng khi| | Nhiét do Nhiét do Vi tri
dong co budm ga nap dong co khi nap piston

Hinh 118: So do téng qudt hé thong phun nhién li¢u
b. Két cdu mot kim phun
Theo hinh 119 ciu tao clia kim gom : 1. B4 lpc: bdo ddm nhién liéu di vao kim
phun phdi that sach; 2. Gidc cdm: n6i v6i mach dién diéu khién;
3. Cudn ddy: tao ra tir trudng khi c6 dong dién; 4. Ty kim: tdc dong dén sy déng md clia
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van kim; 5. Van kim: déng kin voi phun, khi ¢c6 dong dién sé& bi nhac 1én cho nhién liéu

phun ra; Voi phun: dinh géc phun va xé tdi nhién liéu; 7. vo kim.

Nhién
liéu vao

Hinh 119: Két cdu kim phun

c. Hoat dong ciia kim phun

Trong qud trinh hoat ddng clia dong co, ECU lién tuc nhan dugc nhitng tin hiéu
dau vao tir cdc cdm bi€n. Qua dé, ECU sé tinh ra thdi gian m& kim phun. Qud trinh m&
va déng ctia kim phun dién ra ngdt quang. ECU gdi tin hi¢u d&€n kim phun trong bao lau
phu thudc vao d6 rong xung. Hinh 120 cho thdy d6 rong xung thay ddi tuy theo ch& do
lam viéc cla dong cd. Gia st cAnh buém ga md 16n khi ting tdc thi cAn nhiéu nhién liéu
hon. Do d6 ECU sé ting chi¢u dai xung. Piéu nay c6 nghia 1a ty kim sé& gitt 1du hon
trong mdi 1an phun dé cung cAp thém mdt lugng nhién liéu.

Khai dong lanh J |_| I_

Chay vdi diéu kién lanh

_ L I
Chay véi didu kien dm L
Chay sau hanh trinh dai
Tdng toc ] L L

Cdnh buém ga dong kin

[ [
Cdm chitng néng

Hinh 120: Xung dié¢u khién kim phun iing véi titng
ché dj lam viéc cuia dong co
Khi dong dién di qua cudn diy cta kim phun sé tao mot lyc tif ¢4 manh d€ thing
sttc cing 10 xo, thing lyc trong trudng cua ty kim va thing 4p luc clia nhién liéu de 1én
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kim, kim s€ dugc nhich khdi bé khodng 0.1 mm nén nhién liéu dugc phun ra khdi kim
phun.

Néu ta goi:

Q: lugng nhién li€u phun ra khoi kim.

T: chu ky xung.

Ti: dO dai xung.

Thi Q s€ dudc tinh bdi cong thic:

Q:].Q(T)df .

d. Qud trinh hoat dong

Trén hinh 121 trinh bay d thi bi€u dién dién 4p, cudng dd dong dién va thdi gian
md kim thuc t€ theo thdi gian. Cin ct vao d6 thi nay ta ¢6 thé chia qua trinh hoat dong
ctia kim phun 1am 3 giai doan cu thé nhu sau:

A .
u,i
: E Ddc tinh U, I trong
E ' \cuon day kim phun
! ! u !
| ! | t
5l "
| i ich
| ! kim
i | t
; 1) : T : v
i T1 E T

Hinh 121: Pdc tinh u, i, d = f (t) trong cudn ddy kim phun

Nhu ta da bi€t cudng do dong dién qua kim tudn theo qui luat:

_Rt

U
i=—|1-—e L
R
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Trong do:

R: tdng trd kim

L: @0 tuw cdm ctia kim phun

U: dién ap ddt vao mach

* Giai doan 1: Trong thdi gian 7 (ti ldc ty kim dugc nang 1€n hét cd).

Giai doan 1,: Thoi gian 7, miic du ¢ hiéu th€ dit vio nhung ty kim vin chua
nhac 1&én dudc. Khi dong dién dat gid tri I, &€ Fiue o > Fegn ty bat du di chuyén. K&t
thic giai doan /..

Giai dogn 1,: Thdi gian 7: dd dich chuyén kim dat gid tri cyc dai, cudng do
dong qua kim gidm dot ng6t do stic dién dong tu cdm ting do L ting.

* Giai dogn 2: DO md clia kim van gilt nguyén, stc dién dong ty cdm gidm, dong
tdng 1én nhu hinh vé.

Trudng hop kim bi ket sé khong c6 dich chuyén, lam po khong ting din tdi siic
dién dong tu cdm khong ting nhung dong vin ting nhu nét chAm gach.

* Giai dogn 3: Transistor diéu khién d6ng nhung do cudn day cé sic dién dong tu
cdm nén khi ngdt dién dot ngdt tao thanh mach dao dong. Do d6, trong thdi gian 73, van
gilt mirc md nao d6 do sic dién dong ty cdm. Sau d6 stic cang 10 xo lam déng ty kim lai.

Két ludn: tlf qua trinh hoat dong ctia kim phun chiing ta nhan thdy thdi gian
7; vd 7312 khong thé diéu chinh; thdi gian nay c6 tén goi 1a thdi gian chét (dead time),
con 7, thi ¢6 thé thay d8i. Do d6 @€ ddm bdo dd chinh xdc vé thdi di€m va thdi gian
phun clia qud trinh phun nhién liéu, ching ta phdi tim c4dch gidm 7; va 73 d€n mifc thdp
nh4t, c6 nghia 1a phdi ting do nhay kim.

e. Cdc bién phdp ting do nhay ciia kim phun

N€u ta g&i d€n cudn day kim phun mot xung dién trong thdi gian ¢, ty kim dudi tdc
dong clia Iyc dién tir, thing sic cing 10 xo va 4p luc nhién liéu dén, kim s& dugc nhac
1én va nhién liéu sé dugc phun vao xupap nap. Nhd d6 chénh léch dp suit trong hé
thong dudc giit khong d6i nén lugng nhién liéu trong qué trinh phun qua ti€t dién 15
phun s€ phu thudc vao thdi gian kim md #. Trong trudng hdp 1y tudng ¢, = ¢; .

Trong qud trinh thi€t k€ kim phun dd xuat hién nhitng khé khin. Khi bé dai xung
diéu khién khodng I-10 ms thi quan tinh cd hoc va quén tinh dién tir bit dAu 4nh hudng
1én hoat dong cia kim phun (phu thudc vao do tw cdm clia cudn diy, khdi lugng cla ty
kim va cdc yé&u t6 khdc nhau nhu 4p lyc nhién liéu, ma sit). K&t qua 1a trén thyc t&, ty
kim md va déng khong ddng thdi v6i sy bit diu va két thic xung di€u khi€n. Ngoai ra,
trong cdc ki€u phun gian doan c6 thé xuat hién xung chdn dong trong dudng dng ciing 1a
nguyén nhan tdc dong nén lugng nhi€n li€éu qua kim phun. RS rang 1a cdc hién tugng
trén ciing 4nh hudng dén lugng xing phun. PE ting do chinh x4c cda kim phun, ngoai
cdc bién phdp nhu ché tao ty kim biing hgp kim nhe din tlr, mic dién trd phu ki€m sodt
bing dong, con c6 nhitng bién phép ting dd nhay nhu sau:

° Dung vat li€u 4p dién

° Dung nam chidm vinh ctru.
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Nhién liéu di vao 18 dau di vao khoang A cda kim, 4p Iuc trén mang cin bing va
ty kim chi ti vao ddy bing mdt luc nhd do luc dan hdi ctia mang va sy chénh léch bén
trén va bén dudi do sy khic biét dién tich khi tdc dong 1é€n cudn ddy mdt xung thudn (tir
trudng do cudn day sinh ra ngudce chiéu véi nam cham vinh ctru) cudn day bi hiit 1én va
ty kim md ra. Khi ngit xung diéu khién c6 thé diing thi€t bi ddi chiéu ty dong d€ luc tic
dung ngudgc lai.

Nam chim

\

Cuodn day

/ Mang
/ L5 nhién liéu

Ti kim
Hinh 112: Bi¢n phdp ting do chinh xdc trong hoat dong cuia kim phun
f. Phuong phdp diéu khién kim phun

* Phuong phdp diéu khién kim phun bdng dién dp cho loai kim phun dién

trd cao

Dién 4p accu cung cip truc ti€p d€n kim phun qua cong tic mdy. Khi transistor Tr
trong ECU md sé& c6 dong chay qua kim phun, qua chin N,10, N,20 dé&n Ey; Ep, vé
mass. Trong khi 7r m3, dong dién chay qua kim phun lam nhic ty kim va nhién liéu
dudc phun vao trudc supap nap. e

Cong tic may

' O )

[_% Engine ECU

B No. 10 -
T No.20 | | @_,\M_
EO1
E02

1\ J
Hinh 113: Mach di¢n diéu khién kim phun bdng dp.
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Mach dién hinh 123 minh hoa phudng phip diéu khién nay vdi ki€u phun
ddng loat.

*  Phuong phdp diéu khién kim phun bdng dp cho loai kim phun dié¢n tré
thdp

A<
Cong tic may
bién tr§ phu
— Engine ECU
1 %
: No. 10 | Tr
T No. 20 I @-’VW—
EO1

=
J EO02
1\ J
Hinh 124: Mach dién kim phun cé dién tré thap

Mach dién lam viéc tudng tu nhu loai trén nhung vi st dung kim phun c6
dién trd thAp nén mot dién tr§ phu Ry dugc mic gilta cong tic mdy va
kim phun d€ han dong.

Luu y: C6 nhiéu cach méc dién trd phu nhu hinh 125.

ANN__
1 l_rl
— L Annnn |

Rt :
R AN Kim phun Ts
- E:zrln

T,

Hinh 125a

AN
AN

+ NANN_

NN

Kim phun

Hinh 125b
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Hinh 125c¢:

a) Mot dién trd phu cho hai cuén ddy kim

b) Mét dién trd phu cho ba cudn day kim

c) Mot dién trd phu cho ting cudn ddy kim

Hinh 125: Cdc cdch mdc di¢n tré phu cho kim phun cé di¢n tré thap

g. Phuong phdp diéu khién bdang dong
Trong phuong phdp nay, mdt kim phun cé dién tr§ thip dudc gin truc ti€p véi ngudn
dong dugc diéu khién tryc ti€p bing cdch déng md transistor trong ECU.
Khi ¢6 xung dua dén cudn day cda kim phun, mot dong 8A chay qua, gy nén sy ting
dong dot ngodt. Piéu nay 1am cho van kim m& nhanh, nhd d6 cdi thién dugc su ddp tng
qué trinh phun va gidm thdi gian phun khong diéu khién dudc.
Trong khi ty kim dugc gitt, dong dugc gidm xudng con 2A gidm sy tiéu hao cong suat do
sinh nhiét.

On

Injection QOff
signal

Amperage
waveform

. 1
Injector Close I —

Ineffective
injection duration

Hinh 126: Phuong phdp diéu khién kim phun bang dong
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Mach dién diéu khién hoat dong nay dugc miéu td nhu hinh sau day:
. Relay an toan chinh Engine ECU

Cong tac miy
—1 ----- SO0 === ¢---- Tr3

<
? Kim phun dién A BF T
tr& thap i

% :
1 No. 10 I

000 -
000
Q000

Mach diéu
No. 20 khi€n kim
EO1, E02 A phun
i | 3
l \ J

Hinh 127: Mach dién diéu khién kim phun bdang dong

Khi cong tic mdy bat & vi tri ON, relay an toan chinh m& nhd ndi mass & mach diéu
khi€n kim phun thong qua diu néi FS ctia ECU. Piéu nay lam Tr; trong ECU mé cho
dong chay dén cudn day kim phun.

Dong dién chay qua kim cho d&n khi dién th€ tai di€m A ti€n dén gid tri nao d6 thi Tr;
s& déng. Su déng m& Tr; dugc 1ap di lap lai v6i tan s6 khodng 20 kHz trong sudt thdi
gian phun. Biing cdch nay, dong d&€n cudn kim phun dudgc ki€m sodt (khi dién 4p dau +B
la 14V, dong trong kim 12 8A, khi ty kim bi giit dong trong kim khodng 2A). Tr; hap thu
sttc dién dong tw cAm xud't hién trén kim phun khi 7r; dang déng md, vi vdy ngin ngira
dugc sy giam dong dot ngot.

h. Gidi thich vigc mdc dién tré phu

A t(t)

L thap

L cao

v

Hinh 128: Do thi biéu thi sy dnh hudéng cia dp tu cam L

54



Tir @6 thi chiing ta nhan thay, cudn diy c6 do tw cdm L s€ tao ra sic dién dong tw cdm
chdng lai dong dién, cho nén khi L cao thi c¢6 su cidn dong nhiéu, lam dudng cong L(t)
thodi hon, din dén thdi di€ém md kim tré hon, vi vay thdi gian phun ngin lai, khong dd
nhién liéu cung cAp cho dong co § tdc dd cao.
Vi vdy, @€ khic phuc hién tugng nay, ngudi ta ding cudn day kim phun c6 s6 vong diy
ithon (vi L = p.p,.@) d€ L gidm va dudng kinh diy 16n hon d€ ting do nhay ctia kim
- 1 3 iy N, o 1 A .
phun. Ma ta biét : R = p§ . Do d6é R giam. Vi vdy, d€ han ché dong qua cudn day ngudi

ta midc thém mot dién tr§ phu.

i. Chiic ndng ctia ECU trong viéc diéu khién kim phun

* Phuong phdp phun va thoi diém phun

Phuong phip phun bao gdm cdc phuong phap phun dong thdi, nhém 2 xylanh, nhém 3

xylanh hay phun ddc 1ap cho tirng kim. Phuong phép va thdi di€ém phun dugc mo ta nhu
cdc sd d6 dudi day:

Phun doc lap:
Intake stroke Ignition Fuel injection
/ // /
B # S
4 7% #*
0° 360° 720°
Crankshaft angle
Phun nhom:
§ §
1 Y7 ’ V72777
5 ) 7 Yz
3 A 7 | %
6 . 7 L
2 s V77 e
4 7 4 Va0 E
0° 360° 720°
Phun déng loat:
Intake stroke 4 ignition  Fuel injection
i

1 /,/// 7/ )1 :’ I 3

5 v, .. P vz

3 % W) s %

6 7 Z

2 P v /

4 E; A .
0° 360° 720°

Hinh 129: Cdc phuong phdp phun va thoi diém phun
*  Piéu khién thoi gian phun nhién li¢u
Thai gian phun nhién liéu thuc th€ dude x4dc dinh bdi hai dai lugng:
-tp:  thdi gian phun co bdn (dua chii y&u vao lugng khi nap va tdc do dong cd)
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-t.:  thdi gian diéu chinh (dya vao cdc cdm bi€n con lai)
t. + tp =t;

Tuy nhién, trong qué trinh khGi dong ddong cd thsi gian phun nhién liéu dugc xdc dinh
theo cach khac, bdi vi lugng khi nap khong &n dinh.

NE

/

IDL of TPS Cit nhién liéu

l—

Lam giau khi ting | _ t | Cam bicn luu

toc Iic hAm nong

T™W luong gi6

Lam giau khdi dong |—

A\ 4

ST Lam giau sau khéi dong —» t, «——TA
bién dp B+
Lam giau lic him néng — v
G
kim phun

PSWof TPS | Lamgiaulic tdilén

Hinh 130: Diéu khién thoi gian phun nhién li¢u

* Diéu khién kim phun khi khéi dong

Trong qué trinh khdi dong, rat khé xdc dinh chinh xdc lugng khi nap vao, do c6 su thay
ddi 16n vé tdc dd dong co. Vi ly do nay, ECU 14y tir trong bo nhd thdi gian phun co ban
cho phil hgp véi nhiét dd dong cd khong tinh d&€n lugng khi nap vao. Sau dé cong thém
thdi gian hiéu chinh theo nhiét dd khi nap va dién 4p accu d€ tao ra thdi gian phun thuc
t& t.

ty e Lugng phun ¢6 ban theo nhiét d6 nudc
lel

tp le——  Lugng phun hi€u chinh theo nhiét d6 khi nap
lel Ie2

ty l«———— Ludng phun hi€u chinh theo dién dp accu

Hinh 131: Piéu khién kim phun khi khéi dong
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* Diéu khién sau khéi dong
Sau thdi gian khdi dong dong cd, ECU sé xéc dinh thdi gian phun bing c4ch:
Li=tp+ Ic + 1 accu
Trong dé6:
te: chiu dnh hudng bdi: nhiét d6 nuéc 1lam mat, nhiét d6 khi nap, cdm
bi€n budm ga....
tp: chiu 4nh hudng bdi tin hiéu lugng gié va tdc do clia dong cdo.
J- Thoi gian phun co bdan
e Loai D-Jetronic dung MAP sensor
Thdi gian phun c¢d bdn dugc xdc dinh bdi 4p sudt dudng 6ng nap va tdc do
dong co. BO nh6 bén trong clia ECU chifa dif liéu vé thdi gian phun cd
ban khac nhau.
® Loai L-Jetronic: dung cdm bi€n do luu lugng gié (air flow meter): thoi
gian phun co bin dudc xdc dinh bdi thé tich clia lugng khi di vao va toc
dd dong co:

LKk G
Ne

Trong d6: Gi: lugng khi nap;
N.: toc dd dong co;
K: hé so diéu chinh.
k. Su hiéu chinh thoi gian phun
ECU ludn dugc thong bdo vé di€u kién van hanh clia dong cd moi lic bing
nhitng tin hiéu tif cdm bi€n va hinh thanh xung hiéu chinh khdc nhau trong
thdi gian phun thuc t€ ca dong cd.

m. Sy hiéu chinh theo nhiét d khi nap

Hé s6 hiéu chinh:

K
1.0 _\
Thap 20° Cao

Hinh 132: Pdc tinh hi¢u chinh boi nhiét dj khi nap
Mat dd khi nap thay d6i theo nhiét dd. Vi 1y do nay, ECU phai biét that chinh x4c vé
nhiét do khi nap d€ c6 thé diéu chinh thdi gian phun nhim duy tri ti 16 hoa khi ma dong
cd yéu cau. ECU xem 20°C la nhiét @6 chuén va ting gidm lugng nhién liéu phu thudc
vao thay ddi nhiét do khi nap so v6i nhiét do nay.
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Su hiéu chinh dAn dén sy ting hodc gidm lugng phun nhién liéu t6i da vao khodng 10%
(ddi v6i loai do gi6 kiéu Karman c6 thé t6i 20%).
n. Suw lam giau nhién liéu khi khoi dong

Heé s6 hiéu chinh:

Thip , ., .. 60° Cao
t nudc lam
Hinh 133: Su hiéu chinh lam giau sau khi khoi dong
Ngay sau khi khdi dong, ECU diéu khi€n phun thém mot lugng nhién liéu phu trong mot
giai doan xdc dinh trudc, dé hd trg viéc dn dinh sy van hanh ctia dong co. Sy hiéu chinh
lam giau sau kh3i dong ban dau nay dugc xdc dinh bgi nhiét dd nuéc 1am mat. Khi nhiét
dd thap sy 1am gidu vé cd ban sé& ting gap doi s6 lugng nhién liéu phun vao.

o. Sulam giau hdm néong

Hinh 134: Su lam giau hdm néng

Khi su bdc hdi nhién liéu khong t8t Iic trdi lanh, ddng co s& hoat dong khong dn dinh
né&u khong dugc cung cAp mdt hdn hdp gidu xdng. Vi ly do nay, khi nhiét d6 nuéc lam
méat thip, cAm bi€n nhiét d6 gdi tin hiéu d&€n ECU d& hiéu chinh ting lugng nhién liéu
phun, cho d&n khi nhiét do6 dat d&én nhiét do da dugc xdc dinh trude (60°C).

p. Sulam giau ddy tdi

Khi dong cd hoat dong & ché€ do diy tdi, lugng nhién liéu phun vao ting 1&n tuy theo tdi
dé€ dam bao su van hanh clia dong cd. Tuy theo loai dong cd ma tin hiéu diy tai dugc
18y tir géc md clia buém ga (loai tuyén tinh) hay thé tich khi nap. Sy 1am giau nay cé
thé ting 10-30% t&ng lugng nhién liéu.

q. Su hi¢u chinh ti I¢ hoa khi trong qud trinh thay doi toc do

Qud trinh thay ddi toc do & day c6 nghia 1a lic dong cd ting hoic gidm tdc. Trong sudt
qud trinh thay d6i, lugng nhién liéu phun vao phai dugc ting hay gidm dé ddm bio sy
van hanh chinh xac ctia ddng co.

r. Su hiéu chinh lic ting téc
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Khi ECU nhan ra sy ting tdc clia dong cd dwa vao tin hiéu tif cdm bi€n budm ga, lugng
nhién liéu phun dudc ting 1én dé cdi thién sy hoat dong ting toc clia dong co.

s. Su hiéu chinh liic gidm toc

Khi ECU nhén ra sy gidm tSc, né gidm lugng nhién liéu phun vao khi can thi€t d€ ngin
ngira hdn hdp qud dam trong sudt qua trinh gidm tdc.

t. Su cdt nhién li¢u

Cdt nhién li¢u khi gidm toc: Trong qud trinh gidm t6¢ do, n€u buém ga déng hoan toan,
ECU ngit kim phun d€ c3i thién tinh kinh t€ nhién liéu va gidm ddng ké lugng khi thdi.
Khi t6c do dong co gidm xudng dudi mot tdc dd 4n dinh hoic cdnh buém ga md, nhién
liéu dugc phun trd lai. Toc do dong cd ngit nhién liéu va toc do dong cd khi phun nhién
liéu trd lai s& cao hon khi nhiét d6 nuéc 1am mat thap nhu trén do thi.

AD

Cit nhién liéu

2000_  Phun tré lai

Y

Thap t° nudc 1am mat Cao

Hinh 135: Do thi bié¢u dién su cdt nhién liéu

Cdt nhién liéu tai téc do dong co cao: PE ngin ngita dong cd vuot toc, kim phun sé
ngling phun néu téc do dong cd ting 1én trén mdc gidi han. Sy phun nhién liéu dugc
phuc hdi khi téc dd dong co gidm xudng dusi gidi han.

u. Su hiéu chinh theo dién dp accu

A K
1.0 \,\
Thdp 14V Cao

bién dp ECU

Hinh 136: Hiéu chinh lugng phun theo dién dp
C6 mot sy tri hodn giita thdi gian ma ECU gdi tin hi€éu d&€n kim phun va thdi gian phun
thuc t€. Sy tri hodn cang dai thi thdi gian m& cla kim phun cang ngin so véi lugng da
tinh todn trong ECU va lugng nhién liéu phun bi gidm di mot it, khong dd ddp ng ché
dd t3i clia dong cd. Do d6, cAn phai c6 su hiéu chinh thdi gian nhic kim theo dién 4p.
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Trong khi hiéu chinh theo dién 4p, ECU bu trit cho sy tri hodn nay bing cdch kéo dai
thdi gian tin hiéu md kim phun thém mot doan tuy theo dd dai ctia doan tri hoan.

v. Diéu khién kim phun khéi dong lanh

Khi dong cd khdi dong, do nhiét do dong co con thap nén can c6 mdt lugng xing dé
gitup cho dong co khdi dong. Lugng xdng nay dugc phun trong mot khodng thdi gian giGi
han phu thudc vao nhiét do0 dong cd. Qua trinh nay dugc xem nhu lam giau xdng va hé
s6 du lugng khdng khi A < 1.

Viéc lam giau xdng khi khdi dong dugc thuc hién bing hai phuong phép:

— Phuong phdp 1: Diung cong tic nhiét thdi gian va kim phun khéi dong
lanh.

— Phuong phdp 2: Piéu khién khdi dong nhd ECU va cdm bién nhiét do
dong co.

*  Phuong phdp 1: Cdu tao cong tdc nhi¢t thoi gian

Cong tic nhiét thdi gian dung d€ gidi han thdi gian phun ctia kim phun
khdi dong lanh theo nhiét d.

Giac cam

Céc cudn say

Thanh
ludng kim

Céac c6ng tac

Hinh 137: Céng tdc nhiét thoi gian
Cong tic nhiét thdi gian 12 mot cong tic ki€u ludng kim nhiét dién sé déng hoic md
ti€p diém theo nhiét dd clia ban than né.
N6 gébm cong tic ludng kim dit trong tru ren rdng dudc 1dp & noi ma nhiét do dong cd
4nh hudng nhiéu nhat. Khi dong cd con ngudi, thanh ludng kim co lai va déng cong tic.
Khi dong cd néng, thanh ludng kim gidn ra va ngit cong tic.
Cong tdc nhiét thdi gian quy€ét dinh khodng thdi gian md cda kim phun khdi dong lanh.
Khodang thdi gian nay phu thudc nhiét d6 dong co va nhiét d6 modi trudng.
Viéc ty nung néng bing diy nhiét cin thi€t dé gidi han thdi gian kim phun khéi dong
md, d€ trdnh tinh trang ddng cd bi qua du xing. Vi du: & 20°C cong tic s& déng trong Ss.
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Khi dong cd da néng, cong tic ludn bi ngdt. Vi vay, khi khdi dong lic dong cd néng,
kim phun khgi dong lanh khong lam viéc.

* Mach dién

Khi dong cd con lanh, ti€p diém déng, bat cong tic mdy sang vi tri ST, dong dién di nhu
hinh vé&. Khi d6 kim phun kh&i dong dugc ndi mass qua ti€p diém nén né md cho xing
phun vao dudng dng nap. Ngay sau do, thanh ludng kim bi nung néng va tdch ra, ngit
kim phun.

Vi ly do ndo d6 dong cd khdi dong qud 14u thi hai dién tr§ sudi néng s6 1 va 2 s& nung
néng thanh ludng kim 1am ti€p di€m md ra, gidi han thdi gian md kim phun khdi dong.

f«'& = =
¥
ST
STA| |sTJ STJ STA
Khoa dién ; l , STA
0 ;
& C’u‘n é Cudn say (2) 4
séy (1) on say (2)
[ e
T Cong tac & -
- dinh thdi voi £ Cong tac
_T_ Voiphun  Phun ki e % dinh thai voi
= Kkhdidong SON9EtIOR = l Voi phun ggz“ ‘g’;‘:‘ e
= khdidong 9ON9 D2 =
fon]

Hinh 138: Mach dién cong tic nhiét thoi gian

* Duong dic tuyén

A

> 84
3
<o
g 64 Off
o=}
<
‘B 4
B On
=

24

0 T Y >

| | |

20 0 20 40 60

(4)  (32) (63) (104) (140)
Nhiét d6 nuéc °C (°F)

Hinh 139 : Lam viéc vdi kim phun khdi dong lanh

* Phuong phdp 2
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o} loai nay, viéc diéu khién kim phun khdi dong lanh dudgc thuc hién theo cdng tic nhiét
thoi gian va ECU.

Engine ECU
)
Water temp. THW| 1%
ST terminal  sensor STA §
D G - N
—_— ol SIJ YWA 2
STA STJ STJ| STA 8
(&)
b
e Y
Cold start L
injector Start injector
time switch OHP 51

Hinh 140: Mach dién kim phun khoi dong lanh
Sau khi khéi dong, day nhiét bi nung néng, lam md ti€p di€ém ngit mass & cong tic nhiét
thdi gian. Liic nay, n€u nhiét 46 dong cd vin con thadp, ECU 14y tin hiéu tif cAm bi€n
nhiét 6 nuSc va cong tic khdi dong diéu khi€n md transistor cong sudt trén dudng STJ.
Khi d6 kim phun khéi dong, dugc ndi mass qua transistor, mé kim cho xing phun vao
dudng 6ng nap.

*  Duong ddc tuyén

8_
5
@
2
c 6
S
©
3 4
[ =
kS
8 27
=
(e

=20 0 20 40
(-4) (32) (68)  (104) (140)

Coolant temperature °C (°F)
A: diéu khién bdi cong tdc
B: diéu khién béi ECU
A, B: diéu khién béi cong tdc va ECU

Hinh 141: Puong ddc tuyén lam vigc ciia phuong phdp 2

3 Diéu khién ché& dp khong tdi (cam chitng) va kiém sodt khi thdi

Pé diéu khién tdc d6 cAm chirng, ngudi ta cho thém mot lugng gié di tit qua canh budm
ga vao dong cd nhim ting lugng hdn hgp d€ giit tdc dd cAm chirng khi dong co hoat
dong & cac ché dd tai khac nhau. Luogng gié di tit nay dudc ki€m sodt bdi mot van dién

62



goi 14 van diéu khién cam chirng. P6i khi bién phap mé thém canh buém ga ciing dugc
st dung.

a. Ché dj khoi dong

Khi dong cd ngung hoat dong, tiic khong c6 tin hiéu tdc d6 dong cd gdi dén ECU thi van
diéu khi€n mé hoan toan, gitip dong co khdi dong lai d& dang.

b. Ché dj sau khéi dong

Nhd thi€t 1ap trang thdi khdi dong ban dau, viéc khdi dong dé dang va lugng gié phu
vao nhiéu hon. Tuy nhién, khi dong co da nd (t6c do ting) n€u van vin md 16n hoan
toan thi tdc dd dong cd sé& ting qud cao. Vi vay, khi dong co dat dudc mot toc do nhat
dinh (phu thudc vao nhiét d6 nudc 1am mat), ECU géi tin hiéu dén van diéu khién cidm
chirng dé d6ng tir vi tri m& hoan toan dén vi tri dudc 4n dinh theo nhiét do nudc lam
mat.

% d0 mé
100% 4 A

t” nuéc

v

20°

Hinh 142: Diéu khién cam chiing & ché dp sau khdi dong
Vi du dong co khdi ddong khi nhiét dd nudc lam mdt & 20°C thi van diéu khién sé dong
dan 6ir vi tri m& hoan toan A dén diém B d€ dat tdc d6 an dinh.
c. Ché'dp ham néng
Khi nhiét d6 dong cd ting 1én, van diéu khién ti€p tuc déng tir B > C cho dé&n khi nhiét
d6 nudc lam mat dat 80°C.

% d6 md
100% ¢ A

Hinh 143: Diéu khién cam chiing & ché¢ dp ham néng
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d. Ché dp mdy lanh

Khi dong co dang hoat dong, néu ta bat diéu hoa nhiét do, do tii clia may nén 1én sé&
lam tdc d6 cAm chirng dong cd tut xudng. N&€u sy chénh 1éch tdc dd that sy cia dong cd
va toc dd On dinh ctia bd nhé 16n hon 20 v/p thi ECU sé& gdi tin hiéu dén van diéu khién
dé ting luong khi thém vio qua dudng bypass nhim muc dich ting tdc d6 dong cd
khodng 100 v/p. O nhitng xe c¢6 trang bi ly hop mdy lanh diéu khién bing ECU, khi bat
cong tic mdy lanh ECU sé& g&i tin hiéu tdi van diéu khién trudc d€ ting tdc dd cAm
chirng sau d6 d&€n ly hop mdy nén d€ tranh tinh trang dong cd dang chay bi khyng dot
ngot.

ISCV
Tin hiéu A/C

ECU A/C clutch
- —>

b

Toc dd dong co

Hinh 144: Ché dé mdy lanh

Cong tic A/C

e. Theo tdai mdy phdt

Khi bat cdc phu tdi dién cong suit 16n trén xe, tdi dong co s& ting do luc cdn clia may
phét 16n. P€ tdc dd cAm chirng &n dinh trong trudng hgp nay, ECU sé b thém néu thay
tdi cda mdy phat ting. P& nhan biét tinh trang tdi cia mdy phét c6 hai cdch: 13y tin hiéu
tr cong tic den, xong kinh (TOYOTA) hoic 14y tin hiéu tif coc FR clia mdy phat
(HONDA).

NNN ECU A Tail light relay
Cuén kich , L]
Tiét ché i % / . ECU

S/W

Combination

(X Taillight

Hinh 145: Diéu khién cam chitng theo tdi mdy phdt
f. Tin hi¢u tic hop so tu dopng
Khi tay s& & vi tri “R”, “P” hodc “D”, mdt tin hiéu dién 4p dugc gti vé ECU dé diéu
khi€n md van cho mot lugng khi phu vao 1am ting tdc do cAm chirng.
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S

N A/T

ECU

P A/T

N 0‘ L] P

Hinh 146: Tin hi¢u tir hop s tu dong

* Kiéu motor budc (Stepper motor)

Cédu tao

1- Rotor

2- Stator
3- Van

4- B¢ van

5- Truc van
6- Dia chdn

From air flow meter

Hinh 147: Cdu tao ciia motor buéc

Van diéu khién trén hinh 147 13 loai motor budc. Motor nay c6 thé quay ciing chiéu
hoic ngugc chiéu kim ddng ho @€ van di chuyén theo hudng d6ng hoic md. Motor dugc
diéu khién bdi ECU. M&i 1an dich chuyén 12 mot budc, tir vi tri déng hoan toan d&€n md
hoan toan c6 125 budc (s6 budc c6 thé thay ddi). Viéc di chuyén sé 1am ting gidm tiét
dién cho gi6 qua. Luu lugng gié di qua van rit 16n nén ta khong can ding van gié phu
trdi cling nhu vit chinh t8c d6 caAm chirng ciing dudc vin kin hoan toan.

Rotor: gdm mot nam chadm vinh cttu 16 cuc. S& cyc phu thudc vao tirng loai dong co.

Stator: Gom hai bod 18i, 16 cuc xen k& nhau. Mdi 16i dudc quan hai cudn diy ngudc
chiéu nhau.
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* Hoat dong

ECU diéu khién céc transistor 1an lugt ndi mass cho cudn stator. Dua vao nguyén ly: cdc
cyc cung tén dﬁy nhau, cdc cyc khdc té€n hit nhau s€ tao ra mot lyc tir [am xoay rotor
mot budc. Chiéu quay ciia rotor sé& thay d6i nhd sy thay ddi thit tu dong dién di vao bon
cudn stator. Véi loai rotor va stator 16 cuc, ct mdi 1an dong dién di qua cdc cudn day thi
rotor quay dudgc 1/32 vong.

<z [N 2 A . . 2 N N .o
Vi truc van gan lién vdi rotor nén khi rotor quay, truc van di chuyén ra vao lam gidm
hoic ting khe hd gitta van vdi bé van.

Coils Sigior

e X |

81—

s3 3
&2
82

S4

i
Pole panesn RN RN REERARERE BR
of stator L Inl [sf [nf [s]

Stator ; Ni s
T B

NI
Rotor %{%
1 WP

S:ator N S N S

PP C gl S—
z
%]

= 1/32 revolution

Rotor %Iy s N S
.

Hinh 148: Hoat dong ciia motor budc

* Mach dién

T&c dd cam chirng quy dinh di dudc luu trit trong bd nhé theo trang thdi hoat dong clia
m4y diéu hoa va gid tri clia nhiét d6 nudc 1am mat. Khi ECU nhén tin hiéu tir cong tic
cdanh buém ga va tdc do6 dong co bao cho biét 12 dang & ch& @6 cam chirng thi n6 s& md
theo thit ty i transistor Tr; dén Tr, cho dong dién qua stator diéu khi€n md hoic dong
van cho dén khi dat toc do 4n dinh.
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Engine ECU ¥ Sensors ISC valve

Microprocessor

EFI main relayr-+----
|
i

S0l s B
M-REL

Main relay
control circuit

] fosw

Battery

Hinh 149: Mach dién ciia kiéu motor budc

* Kiéu Solenoid

CAu tao nhu hinh 150:

From air cleaner

Solenoid coil r}'

To air intake chamber

Hinh 150: Céu tao ciia kiéu solenoid

Cuon solenoid duge ECU diéu khién theo d6 hong xung. Khi c6 tin hiéu, solenoid sé&
hoat dong 1am thay ddi khe hé gitta van solenoid va bé van cho gi6 vao nhiéu hay it. Cit
khodng 7120ms cudn diy cia van dugc nhin mot xung dién (ON-OFF). Vi tan s6 déng
m& kha 16n nén c6 thé coi nhu cic cudn diy dudc cAp dién lién tuc, song gid tri trung
binh clia dong dién dudc tinh bing ti s6 giita thdi gian cAp dién (ON) va thdi gian ngit
dién (OFF). Ti s& nay goi la chi s6 1am viéc W dudc tinh theo cong thic:

A

1 (On)

0 (Off)

B

1 cycle

Hinh 151: Dang xung ciia kié¢u Solenoid
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Trong do:
A: c¢6 dong ( ON)
B: khong c6 dong (OFF)
N&u mudn van md it thi xung diéu khién c6 chi s6 lam viéc W nhé va ngugc lai.

a. Chi sé'lam viéc thdp

L

0

Oft
b. Chi 56 lam viéc cao
I_I_I_l_l_l —I_On
0 L
) Off
Hinh 152: Xung lam viéc cao-thdp ciia solenoid

Mach dién

]

Ignition switch

V-ISC
Engine ECU

Sensors

Micro-~
processor

Ballery[?:l

k chamber
/

Throttle valve '

Hinh 153: Mach dién ciia van diéu khién cam chiing kiéu solenoid

'

c/\')
* Kiéeu van xoay

: Engine E
Permanent Coil T4 e
magnet -m] I1ISC1
Bypass port 5 —1SC2
Valve . N
3 Sensors
Lever o SON
oy + B
N
S
Coil T2
Valve shaft

Bimetal strip

OHP 72

Hinh 154: Cdu tao van diéu khién cam chiing kiéu van xoay
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Nguyén tic lam viéc ciling gi6éng nhu loai motor budc titic cho mot lugng khi tit qua cdnh
budm ga theo sy diéu khién tir ECU. Pay 1a loai k&t hgp giita dong cd budc va solenoid.

Cau tao nhu hinh 154:

Nam chdm vinh ciu : it & dau truc van cé hinh tru. N6 s& quay dudi tdc dung luc day
hodc kéo ciia hai cudn Ty va T, .

Van : dittreo & ti€t dién giita clia truc van. N6 sé diéu khién lugng gi6é di qua mach ré.
Van xoay cung véi truc cia nam cham.

Cupn T; va T, : dit doi dién nhau, & giita 12 nam chAm vinh cttu. ECU ndi mass mot
trong hai cudn diy d€ diéu khién d6ng mé van.

Cudn 1o xo luong kim : dung dé€ diéu khién déng md van theo nhiét d6 nuGc khi mach
diéu khién dién khong 1am viéc. Mot dau cudn 106 xo ludng kim dudc bit vao chdt co
dinh, con di€m kia bit vio chau bdo vé. Trén chiu bio vé c6 mdt rinh. Mot chdt xoay
lién v6i truc van sé& di vao rinh nay.

Chdt xoay s& khong kich hoat si hoat dong clia 10 xo ludng kim khi hé thong diéu khién
cam chirng hoat dong tdt cling nhu lic 16 xo ludng kim khong ti€p xtic véi mit cit cé vat
rinh trén chiu bdo vé. Co ciu nay 1 thi€t bi an toan khong cho tdc dd cAm chirng qud
cao hay qua thdp néu mach dién bi hu hdng.

Mach dién
B ] Engine ECU
Ignition switch ISC valve
ISC1
(RSC)1L
5 |
EFI main relay 2
- g ISC2 L
Lo 'F-Jt o (RSO)
O A‘ 2
=il +B .g
Battery BATT = fe—— Sensors
2

Hinh 155: Mach dién diéu khi€n cAm chirng diing van xoay

3.9. H¢ thong tu chdn dodn

Vi hé thong diéu khién phun phtc tap va tinh vi, khi x4y ra su ¢d ky thuat (may khong
nd dugc, khong chay cham dudc, khong kéo tdi dugc, téc do ting dugc...) khong dé
phat hién dugc sy ¢d ky thuit xay ra. D€ gitp ngudi sit dung xe, thg sira chita nhanh
chéng phét hién hu hdng trong hé thdng phun xing, ECU dudc trang bi hé thdng tu chdn
dodn. N6 sé& ghi lai toan bd nhitng sy c6 & da s6 cdc bd phan quan trong trong hé thong
va 1am sdng dén ki€m tra (check engine lamp), thong bdo cho 14i xe bi€t hé thdng c6 su
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0. Khi thdy dén bdo hiéu sy c6 sing, tai x& s& ngirng xe d€ chin dodn. Cich chan dodn
cia mdi hiang khdc nhau, & day chi gidi thiéu hé thong chian dodn trén loai xe
TOYOTA.

Trong mang dién ctia xe c6 bd tri nhitng gidc hd (duge day nip bdo vé) dugc goi la gidc
ki€m tra (check connector). P8i v6i hiu hét cic xe TOYOTA, c4ch thao tic gom 2 budc:

— Normal mode: d€ tim chin dodn hu hédng & cdc bd phan xe.

— Test mode: Dung dé xo04 bd nhé cii (code cii) va nap lai tir ddu (code mdi) sau
khi da stra chita hu hong.
* Normal mode: Phdi ddp tng cic diéu kién sau:
— Hiéu dién th€ accu bing hodic 16n hon 11V.
— Cé4nh buém ga déng hoan toan (cong tic & cdm bi€n vi tri buém ga dong).
— Tay s0 & vi tri N.
— Ngit tAt ca cdc cong tic tai dién khéc.
— Batcong tic vé vi tri ON (khong nd may).
Dung doan diy dién ndi tit 2 ddu cda gidc ki€m tra: 16 EI va TEI. Khi d6 dén check
engine chdp theo nhitng nhip phu thudc vao tinh trang ca hé thong. N€u tinh trang binh
thudng thi deén chép déu din 2 1an/gidy (vdi loai xe diing cdm bién do gié cdnh trugt,
khodng c4ch giita nhitng 1an dén sdng va deén tit khdc nhau).

Né&u xe ¢6 sy ¢d & bo phan nao cia hé thdng phun xing thi bdo sy c¢d s& chdp theo
nhitng chudi khdc nhau, mdi chudi chép tng véi mdt ma s6 hu hdng.

Vi du: DP6i véi loai phun xiing ¢6 cdm bién do gié cdnh trugt, deén sdng trong 0,5s, nghi
1,55 va chép sdng ti€p 2 1an véi khodng siang 0,5s, khodng nghi 0,55 s& 13 ma s6 /2. N&éu
nhdy sdng 3 1an lién, nghi 7,55 va chép sdng 7 1an sé& 1a ma 31.

0.5 sec 5 sge

Stélos

..__.11.-1 e ISR

. 1.5 spc 1.5 sz8C
oz PR L[5
| “”\_ |||||| I- Hepa-—a-tT

p——— FrE——

; 200512 Code N

S amismm wiawn - s — L — —

D) “yele 31

Hinh 6.156: Dang md 16i trong hé thong tu chin dodn

Né&u trong hé thong chi c6 mot sy ¢d thi cdc ma nay sé lip lai sau khodng nghi 4,5s.
Né&u c6 nhiéu sy c6 thi hé thong chan dodn sé& phat 1dn lugt cdc ma s& su ¢ tir thap dén
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cao. Khodng nghi giita su ¢ nay vdi su cd kia 12 2,5s. Sau khi phat hé&t 1an 1ugt cdc ma
suf cO, dén sé& tit 4,55 va lai 1an lugt phat lai cdc mad s6 cho d&€n khi ndo ta rit gidy ndi
tat16 EI va TEI & giic ki€m tra ra. P& khong bi nham 13n, t5t nhAt nén ghi lai chudi ma
sy cO vai lan.

~ ~ 2
* Bang ma chan doan

S6 ma Nhip dén bdo Thudc hé

Binh thudng

12 M Tin hiéu (G va NE)
13 e Tin hi¢u NE
14

1 P4nh lita (IGT)

15
Tin hiéu (IGF)

17

Tin hi¢u (G)
21 Cim bi€n Oxy
22 C4Am bi€n nhiét d6 nudc lam
L it

24 C4m bi€n nhiét dd khi nap

25

Hoa khi ngheo
26

Hoa khi giau
27

Cém bi€n Oxy thi hai
31 /
Céam bién do gié
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41
] C&m bié&n vi tri buém ga

42 o

Cam bién toc dd xe
43

Tin hiéu khdi dong
51

Diéu hoa nhiét do

52 C4m bién kich n8 s& mot

55

M C4m bié&n kich né s6 hai

71

Cam bi€n van EGR

Ciin ctf vao ma sy’ ¢d va bdng mi ta c6 thé tim pan khic phuc.

T nim 1995 trd lai ddy, dé€ thong nhit héa cic hé thdng cdc tiéu chuin, hé thong
OBD-II (on — board — diagnosis) di ra d&i. Viéc chdn dodn c6 thé khdng thong qua dén
check engine ma qua mdy quét ma 13i (code scanner). Cling véi ma 18i, cdc dit liéu vé
thong s 1am viéc clia dong cd nhu nhiét dd nude 1am m4t, tdc do dong cd, géc ddnh Iita
sém... cling dugc doc qua dudng TE 2. Khi thuc hién thao tdc chdn dodn thi trén man
hinh mdy quét s& bdo luén cdc ma sy ¢d nhu § hinh vé.

N—

3 CHECK
ENGINE
check (o el

ENG ~32 |

~t(:n:s:r:a:)3
SELECY Yy SET

SUPER MONITOR

Hinh 6.157: Hé théng tu chdn dodn bang mdy quét

* Test mode: phdi thda man cic diéu kién sau:
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— Hiéu dién th€ accu biang 711V hoic 16n hon.

— Cong tdc cdm bi&n vi tri buém ga déng.

— Tay s & vi tri N.

— Tatca cdc cong tic phu tdi khdc phai tit.

— Dung doan day di€n noi tit chan E; va TE, ctia TDCL (Toyota diagnostic
communication line) hodc check connector. Sau d6, bat cong tic sang ON,
quan st dén check engine chdp, tit cho bi€t dang hoat dong & ch€ do test
mode.

Khéi dong dong co lic nay bd nhé RAM sé& x6a hét cic mi chian dodn va ghi vao bo
nhS cic mi chian doin mdi. N&u hé thong chin dodn nhin bi€t dong cd vin con bi hu
héng thi dén check engine vin sing. Mudn tim lai ma sy c6 ching ta thuc hién lai cdc
buéc & Normal mode va, sau khi khdc phuc su c6, phdi x6a bd nhé. N&u khong x6a, n6
s& giif nguyén cdc mi cii va khi c6 sy cd mdi ta s& nhidn dudc thong tin sai. C6 thé ti€n
hanh x6a bo nhé bing cich don gidn sau: thdo ciu chi chinh clia hé thdng phun xing ra
it nhat 12 10s, sau d6 13p lai. N&€u khong bi€t ciu chi d6 & dau thi c6 thé thio coc accu ra
khodng 15s.

Chiic ndng fail-safe

Khi ¢6 su ¢6 k§ thuat trong hé thong phun xdng khi xe dang hoat dong (mat tin hiéu tr
cdm bi€n) viéc diéu khién 8n dinh xe trd nén khé khian hon. Vi thé, chic nang fail-safe
dudc thiét k& dé€ ECU 14y cac dit liéu tiéu chudn trong bo nhé ti€p tuc diéu khién dong
cd hoat dong hoic ngiing dong cd néu cic su ¢d nguy hiém dudc nhan biét.

Tin hiéu mat

Hié¢n tugng

Chiic ndang fail-safe

Tin hiéu danh
Ira cia (IGF)

Hu héng & hé théng ddnh Iira va viéc
d4nh 1tta khong thé xay ra (tin hiéu
IGF khong g&i dén ECU)

Ngtting phun nhién li€u

Tin hi€u tir cdm
bi&n 4p suit
dudng ong nap
(MAP sensor)

Né&u mat tin hiéu tf cAm bié€n nay,
lugng xdng phun c¢o ban khong duge
tinh va k&t qud 12 dong co bi chét mdy
hodc khé khdi dong.

N&u ndi tit cuc T va E;
ECU sé& 14y gid tri tiéu
chuin (30 kPa) d€ thay th&
cho tin hiéu nay.

Tin hi€u do gié

Né&u mat tin hiéu nay ECU khong thé
nhan bi€t lugng gié nap d€ tinh lugng
xdng phun co ban, k€t qua 1a dong co
bi chét mdy hay khé khéi dong.

Gi4 tri chudn dugc 13y tir
tin hiéu cAm chirng cho
vi€c tin lugng xdng phun
va thdi diém dénh Ita

Tin hiéu vi tri
cdnh budm ga

Né&u mat tin hiéu nay ECU khong thé
nhan bié€t vi tri buém ga md hay déng
hoan toan. Piéu nay sé& 1am dong cd
chét mdy hay chay khong ém.

ECU sé 1ay gid tri tiéu
chuén trong bd nhé dé
thay thé€ cho tin hiéu nay

Tin hiéu cdm
bi€n nhiét do

M4 tin hiéu nay ECU sé& hiéu ring
nhiét do nudc < - 50°C hay >139°C.

ECU sé& 14y gid tri chudn
trong by nhd tuy thudc vao
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nudc va cdm
bi€n nhiét do
khi nap

Diéu nay sé& lam ti 1& hoa khi tr§ nén
qud giau hay qud ngheéo. K&t qua 1a
dong co bi ch€t mdy hoic chay khong
ém.

loai dong co v6i nhiét do
nuGe: 89°C va nhiét do khi
nap la 20°C

Tin hiéu tir cdm
bi€n oxy

Néu v boc ngoai clia cdm bi€n oxy bi
déng ban, ECU khong thé nhan biét
ham lugng oxy tap trung & khi thai vi
thé né khong thé duy tri ti 1& hoa khi &
muc tdi vu.

Khong thyc hi€n viéc hiéu
chinh héi ti€p ti 1& hoa khi

Tin hi€u tir cdm
(g , 2
bi€n kich nd

Né&u mat tin hiéu nay, ECU khong thé
nhan bi€t khi dong co bi kich nd vi thé
n6 sé khong di€u chinh gidm géc danh
Ita s6Gm

Piéu chinh thoi di€m ddnh
Itra tré toi da

Né&u mat tin hiéu t cAm bién nay,
ECU sé& hiéu riing 4p sudt khi trdi ludn
& gia tri tdi da hay tdi thi€u. Piéu nay
lam hoa khi qua ngheo hay qua giau

LAy gia tri 4p sudt khi troi
& mic tieu chuén 1a 101
kPa (60mmHg) thay th€
cho tin hiéu nay

Tin hiéu diéu
khién hop s& tu
dong

N&u c6 hu hdng trong ECU diéu khién
hop s6, hdp s6 hoat dong khdng tot

Khong hiéu chinh géc
danh Ira theo sttc kéo

Tin hi€u tor 4p
sudt ting 4p
dong co

Né&u c6 sy ting bat thudng trong ap
sud't dong co hoic lugng gié nap, c6
thé 1am hu héng dong cd

Ngirng cung c4p nhién liéu
cho dong ca.

Chiic nang Back-up
Chiic ning Back-up dugc thi€t k& d€ khi c6 sy c6 ky thuat & ECU, Back-up IC trong
ECU sé& 14y toan bo dif liéu luu trit d€ duy tri hoat ddng dong co trong thdi gian ngin.

Engine ECU

7 Back-up IC

I —
I Malfunction moanitor ]

< J—
Microprocessor }-‘

-lgnition
tirming
signal

) i Back-up
function
*Injection |-
signal

i—

Hinh 6.158: Chiic ndng back-up

ECU sé& hoat dong & chifc ning Back-up trong cic diéu kién sau:
ECU khong gdi tin hiéu diéu khién danh lira (IGT).
MAt tin hiéu tif cdm bi&n 4p suit dudng dng nap (PIM).
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Lic nay Back-up IC s& 1dy tin hiéu du trit d€ diéu khi€n thsi diém danh 1ta va thdi
di€m phun nhién liéu duy tri hoat dong dong cd. Dit liéu luu trit ndy phit hgp véi tin hiéu
khdi dong va tin hiéu tir cong tic cAm chirng, dong thdi den Check-engine sé bdo sing
thong bao cho tai x&.

CHUONG 2
PIEU KHIEN PONG CO DIESEL- HE THONG CDI

2.1 So lugc vé hé thong

Hé thong dié¢u khién dong co diesel biing dién ti trong mot thdi gian dai chAm phat trién
so vdi dong co xidng. S di nhu vdy 12 vi bdn than dong co diesel thdi ra it chdt doc hon
nén dp luc vé& vin dé moi trudng 1én cdc nha sdn xuit 6 t6 khong 16n. Hon nita, do do
ém diu khong cao nén diesel it dudc sit dung trén xe du lich. Trong thdi gian dau, cic
hing chii y&u st dung hé thong diéu khién bom cao 4p bing dién trong cic hé thdng
EDC (electronic diesel control). Hé thdng EDC van st dung bom cao 4p ki€u cii nhung
c6 thém mot sd cdm bi€n va co cAu chdp hanh, chii y&u d€ chéng 6 nhiém va diéu toc
biing dién t. Trong nhitng nim gin diy, hé thong diéu khién mdi — hé thong common
rail v6i viéc diéu khién kim phun biing dién da dugc phat trién va @ng dung rong rii.

2.1.1 Linh vuc dp dung

Thé hé bom cao 4p thing hang diu tién dugc gidi thiéu vao nim 1927 da danh dau sy
khéi diu clia hé thong nhién liéu diesel cia hing Bosch. Linh vuc 4p dung chinh clia
cic loai bom thing hang 13: trong cic loai xe thuong mai st dung diu diesel, mdy tinh
tai, xe Iira, va tau thuy. Ap sut phun dat dén khodng 7350 bar va c6 thé sinh ra cong
sudt khodng 160 kW mdi xylanh.
Qua nhiéu nim, v6i cdc yéu ciu khic nhau, ching han nhu viéc 1ip dit dong co phun
nhién liéu truc ti€p trong cdc xe tdi nhd va xe du lich dd din dén sy phat trién clia cdc
hé thong nhién liéu diesel khac nhau d€ ddp ng cic doi héi wng dung dic biét. Piéu
quan trong nhit clia nhitng sy phat trién nay khong chi 13 viéc ting cong sudt ma con 1a
nhu ciu gidm tiéu thu nhién liéu, gidm ti€ng on va khi thdi. So v6i hé thong cii din
dong bing cam, hé thdng common rail kh4 linh hoat trong viéc ddp tng thich nghi dé
diéu khi€n phun nhién liéu cho dong cd diesel, nhu:
- Pham vi tng dung rong rdi (cho xe du lich va xe tdi nhd c6 cong suit dat dé€n
30 kW/xylanh, cling nhu xe tdi ning, xe Itta, va thu thuy c6 cdng suit dat d€n
200 kW/xylanh.
- Ap suét phun dat d&€n khodng 1400 bar.
- C6 thé thay d6i thdi di€m phun nhién ligu.
- C6 thé phun lam 3 giai doan: phun so khdi (pilot injection), phun chinh (main
injection), phun két thic (post injection).

- Thay ddi 4p sudt phun tiy theo ch€ d6 hoat dong ctia dong co.
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2.1.2. Hoat dong va cdc chiic ndng
Viéc tao ra 4p suat va viéc phun nhién liéu hoan toan tdch biét v6i nhau trong hé
théng common rail. Ap suit phun dudc tao ra doc 1p vé6i toc do dong co va
lugng nhién liéu phun ra. Nhién liéu dugc trit vdi 4p suit cao trong bd tich 4p 4p
sudt cao (high-pressure accumulator) va sin sang d€ phun. Lugng nhién liéu
phun ra dudc quyét dinh bdi tai x&, va thdi di€m phun ciing nhu 4p luc phun dugc
tinh todn bing ECU dya trén cdc bi€u do di luu trong bd nhé cia né. Sau do,
ECU sé& diéu khién cdc kim phun tai mdi xylanh dong co dé phun nhién liéu. Mot
hé thdng common rail (CR) bao gdm:
- ECU
- Kim phun (injector)
- C4dm bi€n td¢c d6 truc khuyu (crankshaft speed sensor)
- C4m bi€n td¢ d6 truc cam (camshaft speed sensor)
- C4m bi€n ban dap ga (accelerator pedal sensor)
- C4am bi€n 4p suit ting 4p (boost pressure sensor)
- C4m bi€n 4p suit nhién liéu trong dng (rail pressure sensor)
- C4m bi€n nhiét do nuSc lam mat (coolant sensor)

- C4m bi€n do gi6 (air mass sensor)

Pong co diesel 4 xylanh v6i hé thong nhién liéu Common Rail dugc trinh

bay trén hinh 7.1 véi cac chiic nang sau:

a. Chic nang chinh
Chiic ning chinh 1a diéu khién viéc phun nhién liéu ding thdi di€m, ding
lugng, ding 4p suit, ddm bdo dong co diesel khong chi hoat dong ém diu ma
con ti€t kiém.

b. Chic niang phu
Chifc ning phu ctia hé thdng 1a diéu khién vong kin vd vong hd, khong
nhitng nhim gidm dd doc hai cia khi thdi va lugng nhién liéu ti€u thu ma
con lam ting tinh an todn, sy thodi mai va tién nghi. Vi du nhu hé thong luin
hdi khi thdi (EGR - exhaust gas recirculation), diéu khién turbo ting ap, diéu
khién ga ty dong va thiét bi chdng trom.
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1. Cdm bién do gié, 2. ECU, 3. Bom cao dp, 4. OA,ng trit nhién liéu & dp sudt cao,
5. Kim phun, 6. Cdm bién téc dé truc khuyu, 7. Cam bién nhiét dé nudc lam mdt,
8. Bé loc nhién liéu - 9. Cdm bién ban dap ga.

Hinh 7.1: C4u tao hé thong nhién licu Common Rail

2.2 DBdc tinh phun

2.2.1 Ddc tinh phun ciia hé thong phun ddu kiéu cii

Véi hé thong phun ki€u cii diing bom phan phdi hay bom thing hang (distributor
or in-line injection pumps), vi€c phun nhién li€u chi c6 mot giai doan goi la giai doan
phun chinh (main injection phase), khong c¢6 khéi phun va phun két thic.

/)S 7777777777777777777

—Start of delivery

—Start of injection

Pmt—F—tT—————=ffm—————— - —

Hinh 7.2: Ddc tinh phun ddu thuong
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Dva vao y tudng clia bom phan phdi st dung kim phun dién, cdc cdi ti€n di dugc
thurc hién theo huéng dwa vao giai doan phun két thiic. Trong hé thdng cii, viéc tao ra dp
sudt va cung c4p lugng nhién liéu dién ra song song vdi nhau bdi cam va piston bom cao
4p. Piéu nay tao ra cdc tic dong xdu dén dudng dic tinh phun nhu sau:

- Ap sudit phun ting ddng thdi véi tdc d6 va lugng nhién liéu dugce phun.
- Su6t qud trinh phun, 4p sudt phun ting 1&én va lai gidm xudng theo dp luc
déng ctia ty kim & cudi qud trinh phun.

Hiu qua la:

- Khi phun véi lugng diu it thi 4p sud't phun cling nhd va ngugc lai.
- Ap suit dinh cao gdp ddi 4p sud't phun trung binh.

Pé qua trinh chdy hiéu qui, dudng cong mitc d6 phun nhién liéu thuc t& c¢6 dang

tam gidc.

Ap sud't dinh quyé&t dinh tii trong dit 1én cdc thanh phin cia bom va céc thiét bi

din dong. O hé thong nhién lidu cii, né con dnh hudng d&n i 1é hdn hop A/F trong

budng chdy.

2.2.2 Ddc tinh phun ciia hé théng common rail
So véi dic di€m cha hé thong nhién liéu cil thi cdc yéu cau sau di dugc thuc hién
dua vao dudng dic tinh phun 1y tudng:

- Ludng nhién liéu va 4p sut nhién liéu phun doc 1ap v6i nhau trong tirng diéu
kién hoat dong ctia dong co (cho phép dé dat dugc ti 1€ hdn hgp A/F ly
tudng).

- Lic bit diu phun, lugng nhién liéu phun ra chi cAin mot lugng nhd.

Céc yéu cAu trén da dugc thod man bdi hé thdng common rail, véi dic di€ém phun
2 1an: phun so khéi va phun chinh.

Pilot injection

Main injection

Hinh 7.3: Puong ddc tinh phun ctia h¢ thong Common Rail.
Hé thdng common rail 12 mot hé thdng thi€t k& theo module, ¢6 cdc thanh phin:
- Kim phun diéu khi€n biing van solenoid dudc gin vio nip miy
- BO tich trit nhién liéu (6ng phan phdi 4p luc cao)

- Bdm cao dp (bom tao dp luc cao)
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Céc thi€t bi sau ciing cin cho sy hoat dong diéu khién clia hé thong:

- ECU

- C&m bié&n tdc do truc khuyu

- C&m bié&n tdc do truc cam
D6i v6i xe du lich, bom cé piston hudng tAm (radial-piston pump) dugc sit dung
nhu 12 bom cao 4p d€ tao ra dp sudt. Ap sudt dugc tao ra doc 1dp v6i qué trinh
phun. T6c d6 ctia bom cao 4p phu thudc toc dd dong co va ta khong thé thay d6i i
s6 truyén. So v&i hé thong phun cii, viéc phdn phdi nhién liéu trén thyc t& xdy ra
ddng b, c6 nghia 1a khong nhitng bom cao 4p trong hé thdng common rail nhé hon
ma con hé thdng truyén dong ciing chiu tai trong it hon.
V& co ban, kim phun dudc ndi v6i ong tich 4p nhién liéu (rail) bing mot dudng 6ng
ngin, k&t hdp véi diu phun va solenoid duge cung cAp dién qua ECU. Khi van
solenoid khong dugc cAp dién thi kim ngung phun. Nh& 4p sudt phun khong ddi,
lugng nhién liéu phun ra sé ty 1& v6i dd dai clia xung diéu khién solenoid. Yéu ciu
md nhanh van solenoid dugc ddp ng bing viéc st dung dién dp cao va dong I16n.
Thsi di€ém phun dugc diéu khi€n bing hé thong diéu khién géc phun sém. Hé
thdng nay ding mot cdm bién trén truc khuyu d€ nhin biét tdc dd dong cd, va cdm
bi€n trén truc cam d€ nhan bi€t ky hoat dong.

a. Phun so khai (pilot INJECTION)

Phun so khdi c6 thé dién ra sém d&€n 90° trudc ti diém thuong (BTDC). Né&u
thdi diém khéi phun xuat hién nhd hon 40° BTDC, nhién liéu c6 th€ bam vao
bé miit clia piston va thanh xylanh va lam loing diu bdi tron.
Trong giai doan phun sd kh&i, mot lugng nhd nhién lieu (I - 4 mm’) dude phun
vao xylanh d€ “mdi”. K&t qua 1a qua trinh chdy dudc cii thién va dat dude mot
s6 hiéu qua sau:
Ap sud't cudi qud trinh nén ting mot it nhd vao giai doan phun so khéi va nhién
liéu chdy mot phan. Pidu nay gitp gidm thdi gian tré chdy, su ting dot ngdt
cla 4p sudt khi chdy va 4p sudt cuc dai (qué trinh chdy ém diu hon).
K&t qua 12 gidm ti€ng 6n clia dong cd, gidm tiéu hao nhién liéu va trong nhiéu
truong hdp gidm duge do doc hai cla khi thai. Qua trinh phun sé khgi déng vai
trd gidn ti€p trong viéc lam ting cdng suit cia dong co.

b. Giai doan phun chinh (main INJECTION)
Cong suit dau ra clia dong cd xudt phat tir giai doan phun chinh ti€p theo giai
doan phun sd khdi. Piéu nay c6 nghia 12 giai doan phun chinh giip ting luc
kéo ctia dong cd. VGi hé thdng common rail, 4p suit phun vin giit khong ddi
trong sudt qué trinh phun.

c. Giai doan phun thit cap (secondary INJECTION)

Theo quan diém x 1y khi thai, phun thi cip c6 thé dugc 4p dung d€ d6t chdy NO,. N6
dién ra ngay sau giai doan phun chinh va dugc dinh dé€ xdy ra trong qud trinh gidn nd
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hay & ky thai khodng 200° sau tit di€m thugng (ATDC). Ngugc lai véi qué trinh phun so
khdi va phun chinh, nhién liéu dudc phun vao khong dugc d6t chdy ma dé boc hdi nhd
vao sitc néng clia khi thadi & 6ng pd. Trong sudt ky thdi, hdn hgp khi thdi va nhién liéu
dugc ddy ra ngoai hé thong thodt khi thai thong qua supap thdi. Tuy nhién mot phan cia
nhién liéu dugc dua lai vao budng dot thong qua hé thong luan hodi khi thdi EGR va c6
tic dung tuong tu nhu chinh giai doan phun sd khdi. Khi bo hod khit dugc lip dé 1am
gidm lugng NO,, chiing tin dung nhién liéu trong khi thai nhu 13 mdt nhan td hoa hoc dé
lam gidm ndng d6 NOy trong khi thdi.

2.3 Chiic ndng chong 6 nhiém
2.3.1 Thanh phdn hén hop va tic dpng dén qud trinh chdy

So v6i dong cd xiing, dong cd diesel dot nhién liéu khé bay hdi hon (nhiét do sodi cao),
nén viéc hoa tron hdn hgp hoa khi khong chi dién ra trong giai doan phun va bit dau
chdy, ma con trong sudt qud trinh chdy. K&t qui 1a hdn hop kém déng nhit. Pong co
diesel ludn ludn hoat dong & ch€ dd ngheo. Miic tiéu hao nhién liéu, mudi than, CO va
HC sé ting n€u khong ddt chdy & ché€ do ngheo hgp 1y.
Ti 1& hoa khi dugc quy€t dinh dua vao cdc thong so:

- Ap suit phun;

- Thdi gian phun;

- Ké&tcaul1d tia;

- Thdi diém phun;

- Vantéc dong khi nap;

- Khdi lugng khong khi nap.
TA't c4 cdc dai lugng trén déu dnh huéng d€n mic do6 tiéu hao nhién liéu va ndng do khi
thdi. Nhiét d6 qu4 trinh chdy qud cao va lugng oxy nhiéu s& lam ting lugng NO,. Mudi
than sinh ra khi hon hgp quéd ngheo.
2.3.2 H¢ thong nap lai khi thdi (EGR)

Khi khdng c6 EGR, khi NO, sinh ra vugt mifc quy dinh vé khi th3i, ngugc lai thi muoi
than sinh ra s& nim trong giéi han. EGR 12 mot phuong phap dé gidm lugng NOy sinh ra
ma khong 1am ting nhanh lugng khéi den. Piéu nay c6 thé thuc hién rat hiéu qui vdi hé
thong Common Rail véi ti 16 hoa khi mong mudn dat dugc nhd vao dp sudt phun cao.
Vi EGR, mot phan ctia khi thdi dugc dua vao dudng dng nap & ché do tai nhd cia dong
cd. Piéu nay khong chi 1am gidm lugng oxy ma con lam gidm qud trinh chdy va nhiét
dd cyc dai, k&t qud 1a 1am gidm lugng NO,. N&u c6 qud nhiéu khi thdi dugc nap lai (qua
40% thé tich khi nap), thi khoi den, CO, va HC s€ sinh ra nhiéu cling nhu ti€u hao nhién
liéu s& ting vi thi€u oxy.
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2.3.3 Anh huéng ciia viéc phun nhién li¢u

Thdi diém phun, dudng dic tinh phun, sy tin nhuyén cda nhién liéu ciing 4nh hudng d&n
tiéu hao nhién liéu va ndng d6 khi thai.

a. Thoi diém phun

Nhd vao nhiét dd qud trinh thdp hon, phun nhién liéu tré 1am gidm lugng NOy. Nhung
né&u phun qud tré thi lugng HC sé ting va tiéu hao nhién liéu nhi€u hon, va khéi den
sinh ra cd & ch& do tdi 16n. N&€u thdi di€m phun 1éch di chi 1° khdi gid tri 1y tudng thi
luong NOy c6 thé ting 1én 5%. Ngudc lai thdi diém phun sém l1&éch s6m hon 2° thi c6
th€ 1am cho 4p sudt dinh ting 1én 10 bar, tré di 2° ¢6 thé 1am ting nhiét do khi thdi thém
20°C. Véi cdc y&u t& cyc ky nhay cdm néu trén, ECU cin phdi diéu chinh thdi diém
phun chinh x4c t6i da.

b. Duong ddc tinh phun

Pudng dic tinh phun quy dinh sy thay ddi lugng nhién liéu duge phun vao trong sudt
mdt chu ky phun (tir lic bit dau phun dén lic dit phun). Pudng dic tinh phun quyét
dinh lugng nhién liéu phun ra trong sudt giai doan chay tré (giita thdi di€m bit diu phun
va bit diu chdy). Hon nita, n6 cling 4nh hudng dén sy phan phdi clia nhién liéu trong
budng ddt va c6 tic dung tin dung hiéu qua ctia dong khi nap. Pudng dic tinh phun
phdi c6 dd doc ting tir tir d€ nhién liéu phun ra trong qué trinh chdy tré dudc giit § mitc
thap nhat. Nhién liéu diesel bdc chdy tic thi, ngay khi qud trinh chdy bit diu giy ra
ti€ng dn va sy tao thanh NO,. Pudng dic tinh phun phai cé dinh khong qua nhon dé
ngin ngira hién tugng nhién liéu khong dugc tdn nhuyén — yé&u t6 din dén lugng HC
cao, khoi den, va ting ti€u hao nhién li€u sudt giai doan chdy cudi cliing clia qud trinh
chdy.

c. Su tdin nhuyén nhién li¢u

Nhién liéu dugc tin nhuyén tot thic ddy hiéu qud hoa tron giita khong khi va nhién
liéu. N6 déng gép vao viéc gidm lugng HC va khéi den trong khi thdi. VGi dp suat phun
cao va hinh dang hinh hoc t6i uu clia 16 tia kim phun gitip cho su tdn nhuyé&n nhién liéu
t6t hon. € ngin ngita mudi than, lugng nhién liéu phun ra phai dugc tinh dua vao lugng
khi nap vao. Piéu nay doi héi lugng khi phdi nhiéu hon it nha't tit 10 — 40 % (A =1.1 —
1.4).

2.4 Céu tao va nguyén ly lam viéc ctia cdc chi tiét trén hé thong common rail
2.4.1 Tong qudt vé hé thong nhién li¢u

Hé thong nhién liéu trong mdt hé thdng common rail (hinh 7.4) bao gdm 2 viing:
viing nhién liéu 4p suit thAp va viing nhién liéu 4p suit cao.
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1. Thiing chita nhién liéu R
2. Loctho
3. Bom tiép van.
4. Loc tynh
5. Puong nhién liéu dp sudt
thap
6. Bom cao dp
7. Puong nhién liéu dp sudt
cao
8. OA’ng trit nhién liéu dp
sudt cao 4 E soscn o i
9.  Kim phun.
10. Puong ddu vé 54 3 |
11. ECU

IMK1551-1Y

Hinh 7.4 : H¢ thong nhién li¢u common rail

2.4.2 Ving dp sudt thdp

Viing 4p suit thip bao gdm cdc bo phin:

Binh chira nhién liéu

Binh chita nhién liéu phdi lam tr vat liéu chdng an mon va phdi giit cho khong bi 10 ri &
4p sudt gadp doi 4p sudt hoat dong binh thudng. Van an toan phdi dudc 1ip d€ dp suit
qué cao c6 thé ty thoat ra ngoai. Nhién liéu ciing khong dugc ro 11 & ¢6 ndi véi binh loc
nhién liéu hay & thi€t bi bu 4p suit khi xe bi rung x6c nhd, cling nhu khi xe vao cua
hoic dirng hay chay trén dudng dc. Binh nhién liéu va dong cd phdi nim cdch xa nhau
dé trong trudng hop tai nan xay ra s& khong c6 nguy co bi chdy.

Pudng nhién liéu 4p sui't thap

Pudng 6ng nhién liéu mém dugc boc thép thay thé cho dudng 6ng bing thép va dugc
dung trong dng 4p suit thap. TAt ci cdc bd phan mang nhién liéu phdi dudc bdo vé mot
1an nita khdi tdc dong clia nhiét d6. P&i v6i xe buyt, dudng dng nhién liéu khong dudgc
dit trong khong gian ctia hanh khich hay trong cabin xe ciing nhu khong thé phan phdi
bing trong luc.

Bom ti€p van (presupply pump)

Bom ti€p van bao g6m mdt bom bing dién véi loc nhién liéu, hay mot bom banh ring.
Bom hit nhién liéu tif binh chira va ti€p tuc dua di lugng nhién liéu d&€n bom cao 4p.
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Loc nhién liéu

Mot bd loc nhién li€éu khdng thich hgp c6 thé din dén hu hdéng cho cédc thanh phan cia
bom, van phan phdi va kim phun. Bo loc nhién liéu lam sach nhién liéu trudc khi dua
dé&n bom cao 4p, va do d6 ngin ngira sy mai mon nhanh cla cic chi ti€t cia bom.

Ndp bdu loc
Puong dau vao
Phan gidy loc

Bong chita ddu sau khi loc

SR Wb~

Phdn chita nude cé lén
trong ddu

6. Thiét bi bdo myc nitoc A d 4
trong bdu loc khi vwot miic
cho phép ﬁ

7. Puong ddu ra 4 &//‘7 M

Hinh 7.5 Loc nhién li¢u

Nudc lot vao hé thong nhién liéu c¢6 thé lam hu hdng hé thdng & dang in mon. Tudng tu
véi cdc hé thdng nhién liéu khdc, hé thong common rail cling cAn mdt bd loc nhién liéu
c6 binh chita nuéc, tir d6 nude s& duge xa. Mot sd xe du lich 1dp dong cd diesel thudng
c6 thi€t bi cinh bdo biing d&n khi lugng nudc trong binh loc vudt qui mic.

2.4.3 Viing dp sudt cao

Ving 4p suit cao clia hé thdng common rail bao gom:
- bom cao 4p v6i van diéu khién dp suat
- dudng 6ng nhién liéu 4p suit cao titc Sng phan phdi déng vai trd clia bod tich
4p sudt cao cing v6i cdm bi€n 4p sudt nhién liéu, van gidi han 4p suit, b
gi6i han dong chdy, kim phun va dudng dng dau vé.
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1. Bom cao dp; 2. Van cdt nhién liéu; 3. Van diéu khién dp sudt;4. Duong nhién liéu dp
sudt cao; 5. Ong tri¢ nhién liéu & dp sudt cao; 6. Cdm bién dp sudt trén dng;
7. Van gidi han dp sudt; 8. Lé tyét luu; 9. Kim phun; 10. ECU

Hinh 7.6: Viing dp sudt cao
a. Bom cao ap

Bom cao 4p tao 4p luc cho nhién liéu d€n mot 4p suat 1én dé€n 7350 bar. Nhién liéu
dugc ting 4p nay sau d6 di chuyén d&€n dudng dng 4p suat cao va dudc dua vio bo tich
nhién liéu 4p suit cao c6 hinh ong.

Bom cao dp dudc 13p dit t8t nhat ngay trén dong co nhu & hé thong nhién liéu clia bom
phan phdi loai cii. N6 dugc dan dong biing dong co (t6c dd quay bing ¥z tdc do dong co,
nhung t8i da 1a 3000 vong/phiit) thong qua khép ndi (coupling), banh ring xich, xich hay
day dai c6 ring va dudc boi tron bang chinh nhién liéu né bom.

Ty thudc vao khong gian sin c6, van diéu khi€n dp sudt dugc lip tryc ti€p trén bom
hay 1dp xa bom.

Bén trong bom cao 4p (hinh 7.7), nhién liéu dudc nén bing 3 piston bom dugc b tri
hudéng kinh va cdc piston cdch nhau 120°. Do 3 piston bom hoat ddng luin phién trong 1
vong quay nén chi 1am ting nhe luc cdn clia bom. Do d6, ¢ng suit trén hé thong din
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dong vin giit dong bo. Piéu ndy c6 nghia 1a hé thdng Common Rail dit it tdi trong 1én
hé thdng truyén dong hon so vdi hé thdng cii. Cong suat yéu cau d€ din dong bom rat
nhd va ti 1& vdi 4p suat trong 6ng phan phdi va tdc dd bom. P&i vdi dong cd thé tich 2 lit
dang quay & t6c do cao, thi 4p suat trong dng phan phdi dat khodng 1350 bar, bom cao
ap tiéu thu 3.8kW.

1. Truc ddn dong

2. Pia cam léch tdm ) element.
3. Thanh phdn bom vdi piston

bom 6——
4. Bubéng chud ciia thanh phan

5
bom o 8

5. Van hiit - L
6. Van ngdt 3 , - 9
7. Va’n xd 2 o §
8. Téam néem — B—x O = =E=

9. Nhién liéu dp sudt cao dén 1
ong trit

10. Van diéu khién dp sudt cao

11. Van bi

12. Puong dau vé 13.Duong

nhién lieu tit bom tiép van @12 11 10
14. Van an toan

15. Buong nhién liéu dp sudt

thdp dua dén bom 15 14 ﬁw

s

[

i

Truc ddn dong
Dia cam léch tdm
Piston bom

Van hiit

Van thodt

6. Cita vao

LR B~

Hinh 7.7. Bom cao dp
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Thong qua mot bd loc c6 cd ciu tdch nuc, bom ti€p van cung cAp nhién liéu tir binh
chita d€n dudng diu vao clia bom cao 4p va van an toan. N6 ddy nhién liéu qua 15
khoan ciia van an toan vao mach diu boi tron va 1am mét bom cao 4p. Truc clia bom
cao 4p c6 cdc cam léch tAm lam di chuyén 3 piston bom 1én xudng tuy theo hinh dang
cdc miu cam.

Ngay khi 4p suit phan phdi vugt qua mifc thi van an toan s& x4 b6t 4p sui't (0.5-1,5 bar),
bom ti€p vin d4y nhién liéu d&€n bom cao 4p thong qua van hiit vao budng bom, noi ma
piston chuyén dong huéng xuéng. Van nap déng lai khi piston di ngang qua t di€m ha
va tif d6 n6 cho phép nhién liéu trong budng bom thodt ra ngoai véi 4p suit phan phoi.
Ap sudlt ting 1én cao s& md van thodt khi 4p suét trén 6ng phan phdi di 16n. Nhién liéu
dudc nén di vao mach diu 4p suit cao.

Piston bom ti€p tuc phan phdi nhién liéu cho dén khi né dén t¥ diém thugng, sau dé, do
4p sudt bi gidm xudng nén van thoat déng lai. Nhién liéu con lai nim trong budng bom
va chd dén khi piston di xudng 1an nita.

Khi 4p su't trong budng bom ciia thanh phan bom gidm xudng thi van nap md ra va qud
trinh 14p lai Ian nita.

Do bom cao dp dudc thiét k& dé c6 thé phan phdi lugng nhién liéu 16n nén lugng nhién
liéu c6 4p sudt cao sé& thira trong giai doan chay cAm chirng va tdi trung binh. Lugng
nhién liéu thira ndy dugc dua trd vé thuing chita thong qua van diéu khién 4p suit. Nhién
liéu bi nén s& nim trong thiing va giy ra ton thit ning lugng. Hon nita lugng nhiét ting
1&n clia nhién liéu ciing 1am gidm di hiéu qu chung. O mic do nao d6 thi t8n that nay
c6 thé dudc bl bing cdch ngit b6t mot hodc hai xylanh bom.

Khi mot trong 3 xylanh bom bi loai ra s& din dén viéc gidm lugng nhién liéu bom dén
dng phan phoi. Viéc ngidt bd dugc thyc hién biing cdch giit cho van hit & trang thdi mé
li€n tuc.

Khi van solenoid diing d€ ngit thanh phan bom dugc kich hoat, mot chdt gidn v6i phdn
tng s& gilf van hit s&€ md ra. K&t qud 1a nhién liéu hit vao xylanh ndy clia bom khong
thé€ bi nén dugc nén né bi d'éi’y trd lai mach 4p suat thip. V6i mot xylanh bom bi loai bd
khi khong cin cdng suit cao thi bom cao 4p khong con cung cip nhién liéu lién tuc ma
cung cAp gidn doan.

Bom cao 4p phan phdi lugng nhién liéu i 1& vé6i tdc d6 quay clia né. Va do dé, né 1a
mdt ham cda téc d6 dong cd. Trong sudt qué trinh phun, ty s6 truyén dudc tinh sao cho
mot mit thi lugng nhién liéu ma né cung cAp khdng qud 16n, mit khic, cdc yéu cau vé
nhién liéu van con d4p tng trong sudt ché do hoat dong. Tuy theo tdc do truc khuyu ma
tf s6 truyén hop 1y 1a 1:2 hoic 1:3.

b. Van diéu khién 4p sui't (pressure control valve)

Van diéu khién 4p suét giit cho nhién liéu trong 6ng phan phdi c6 4p suat thich hop tiy
theo tdi cia dong cd, va duy tri § miic nay.
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- N&u 4p sudt trong dng qua cao thi van diéu khién 4p suit s&é md ra va mot
phan nhién liéu sé& trd vé binh chita thong qua dudng 6ng dau vé.
- N&u 4p suit trong 6ng qué thap thi van diéu khi€n 4p suit s& déng lai va
ngin khu vuc 4p suat cao (high pressure stage) v6i khu vuc 4p suét thap (low
pressure stage).

1. Van bi.
~e 1=
2. Loi. 4 5
3. Nam chdm dién.
4. Lo xo.
5. Mach dién. 3
2

Hinh 7.8: Cdu tao van
diéu dp

Van diéu khién 4p sud't dugc g4 1én bom cao 4p hay 6ng phan phdi. P€ ngin cich khu
vic 4p suit cao v6i khu vire 4p sudt thap, mot 16i thép ddy van bi vao vi tri déng kin. C6
2 lyc tdc dung 1&n 16i thép: luc diy xudng dudi bdi 10 xo va luc dién tit. Nhim bdi tron
va giai nhiét, 16i thép dudc nhién li€u bao quanh.
Van diéu khién 4p suit dudc diéu khién theo 2 vong:

- Vong diéu khién ddp tng cham biing dién dung d€ diéu chinh 4p suit trung

binh trong ng.
- Vong diéu khién ddp @ng nhanh bing cd ding d€ bu cho sy dao dong 16n
clia 4p suit.

Khi van diéu khién 4p sui't chua dugc cung cip dién, 4p suit cao & dng hay tai ddu ra
clia bom cao 4p dudc dit 1én van diéu khién 4p suit mot 4p sudt cao. Khi chua c6 luc
dién tlr, Iuc cia nhién liéu 4p suat cao tdc dung 1&én 10 xo 1am cho van m& va duy tri do
mé tuy thudc vao lugng nhién liéu phan phdi. Lo xo dugc thi€t k& dé c6 thé chiu dugc
dp suat khodang 100 bar.
Khi van diéu khién dp suat dugc cAp dién: N&u dp suat trong mach 4p sudt cao ting 1én,
luc dién tir s& dugc tao ra d€ cong thém vao luc clia 10 xo. Khi d6 van s& déng lai va
dudc giit § trang thdi d6ng cho d&n khi luc do 4p suat diu & mot phia cAn bing vdi luc
cta 10 xo va luc dién tir & phia con lai. Sau d6, van s€ G trang thdi mG va duy tri mot dp
sudt khdng ddi. Khi bom thay d6i lugng nhién liéu phan phdi hay nhién liéu bi mat di
trong mach 4p suit cao thi dugc bu lai bing cich di€u chinh van d€n mot dd md khéc.
Luc dién tir ty 1& véi dong dién cung cip trung binh dugc diéu chinh bing cich thay ddi
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dd rong xung (pulse-width-modulation pulse). TAn s& xung dién khodng I kHz s& du dé
ngin chuyén dong ngoai y mudn ctia 16i thép va su thay ddi 4p sud't trong 6ng.

c. Ong trit nhién lidu 4p suit cao (6ng phan phéi)

Ngay ca khi kim phun 14y nhién liéu tir 5ng phan phdi dé phun thi 4p suit nhién liéu
trong 6ng van phai khong ddi. Piéu nay thuc hién dudc nhd vao su co gidn clia nhién
liéu. Ap suit nhién liéu dugc do bdi cam bi€n dp sudt trén Sng phin phdi va dugc duy
tri bdi van diéu khién 4p sudt nhiim gidi han 4p suat toi da 1a 1500 bar.

? e S, < AT TN Lj{>

Gi Si Gi 6

5

&

1. Ong triz; 2. Puong ddu vao tit bom cao dp; 3. Cdm bién dp sudt trén ong trit;
4. Van giéi han dp sudt; 5. Puong dau vé; 6. Lo tuyét luu; 7. Puong dau dén kim.

Hinh 7.9: CAu tao ong tich trit nhién liéu 4p suit cao

Ong tich trit nhién liéu 4p sudt cao (Sng phan phdi) trén hinh 7.9 ding d€ cha nhién
liéu c6 4p sud't cao. Pong thdi, sy dao dong clia 4p sudt do bom cao 4p tao ra sé& dugc
gidm chin (damped) bdi thé tich ctia dng.

6ng tich trit nhién liéu 4p suit cao nay dung chung cho tit cd cdc xylanh. Do d6, tén né
12 “dudng dng chung” (“common rail”). Ngay cd khi mot lugng nhién liéu bi mat di khi
phun, 6ng van duy tri 4p sudt thuc t€ bén trong khong d6i. Piéu nay bdo ddm cho 4p
sudt phun ctia kim khong ddi ngay tir khi kim mé.

Pé€ thich hop véi cic diéu kién 1ip dit khic nhau trén dong co, ong phai dudc thit k&
v6i nhiéu ki€u dé€ phit hgp v6i bo han ché dong chdy va du phong chd dé€ gin cic cdm
bi€n, van diéu khién 4p suit, van han ch& dp sut.

Thé tich bén trong cia 6ng thudng xuyén dugc dién diy bing nhién liéu cé dp suit.
Kh3 ning nén clia nhién liéu dudi 4p suit cao dudc tin dung d€ tao hiéu qua tich trif.
Khi nhién liéu rdi khdi 6ng d€ phun ra thi 4p suat thuc t& trong bo tich trit nhién liéu 4p
sudt cao van dugc duy tri khong d6i. Sy thay ddi 4p suat 1a do bom cao 4p thay ddi
lugng nhién liéu cung cAp d€ b vio phan nhién liéu vira phun.

d. Kim phun (injectors)
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Thdi di€m phun va lugng nhién liéu phun dudc diéu chinh biing cdch cho dong dién qua
cdc kim phun. C4c kim phun nay thay th€ kim phun cd khi. Tuong tu nhu kim phun co
khi trong cdc dong cd diesel phun nhién liéu tryc ti€p, cidc bd kep thudng dugc sit dung
dé 1dp kim vao nip mdy.
Kim phun c6 thé chia 1am cdc phan theo chifc ning nhu sau:

— Lb kim phun;

— Hé thong din dau phu;

— Van dién.
Theo hinh 7.10, nhién liéu tr dudng dau dén kim va theo dudng 6ng din sé di dén
budng diéu khién 8 thong qua 16nap 7. Budng diéu khién dudgc ndi v6i dudng diau vé
thong qua 16 x4 6 dudc md bdi van solenoid.
Khi 16 déng, 4p Iyc clia dau dit 1én piston 9 cao hon 4p luc dau tai than ty kim 11. K&t
qua 12 kim bi ddy xudng dudi va 1am kin 18 phun v6i budng dot.
Khi van solenoid c¢6 dong dién, 16 x4 6 dugc md ra. Piéu nay 1am cho 4p suat & budng
diéu khién gidm xudng, két qua 1a 4p luc tic dung 1én piston ciing gidm theo. Khi 4p luc
diu trén piston gidm xudng thap hon 4p luc tdc dung 1én ty kim, thi ty kim md ra va
nhién liéu dugc phun vio budng ddt qua cic 16 phun. Ki€u diéu khién ty kim gidn ti€p
nay ding mot hé thong khuyé&ch dai thuy Iuc vi luc cin thi€t @€ md kim that nhanh
khong thé dugc tryc ti€p tao ra nhd van solenoid. Thdi di€m phun va lugng nhién liéu
phun dugc diéu chinh thong qua dong qua cdc kim phun.

Tuong tw nhu cdc kim phun ki€u cii trong cidc dong cd phun nhién liéu truc ti€p, cic bd
kep dugc wu tién stt dung d€ 13p kim vao nip mdy.
Kim phun c6 thé chia 1am cdc phan theo chifc ning nhu sau:

— L& kim phun;

— Hé thong trd luc dau (the hydraulic servo-system);

— Van dién.
Hoat dong ctia kim phun c6 thé chia 1am 4 giai doan chinh khi dong co lam viéc va bom
cao 4p tao ra 4p suit cao:

— Kim phun déng (khi ¢ 4p luc ddu tic dung);

— Kim phun m§ (bit dau phun);

— Kim phun md hoan toan;

— Kim phun déng (két thic phun).
Céc giai doan hoat dong 1a k&t qud cda su phan phdi luc tic dung Ién cdc thinh phin
ctia kim phun. Khi dong co dirng lai va khdng c6é dp sudt trong dng phan phdi, 10 xo kim
dong kim phun.

— Kim phun déng (& trang thai nghi)

-6 trang thdi nghi, van solenoid chura dugc cung ciAp dién va do d6 kim phun
dong.
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Khi 16 x4 déng, 10 xo ddy van bi déng lai. Ap sudt cao ciia 6ng ting 1én trong budng
diéu khién va trong budng thé tich clia ty kim ciing c6 mot 4p sudt tuong tw. Ap suit
clia dng dit vao phin dinh cda piston, ciing vdi lyc clia 10 xo ngudc chiéu véi luc mé
kim s€ gitt dugc ty kim & vi tri dong.
* Kim phun mé (bit ddu phun)
Van solenoid dudc cung cAp dién v6i dong kich 16n dé bio ddm né md nhanh. Luc tic
dung bdi van solenoid 16n hon luc 10 xo 18 x4 va 1am md 16 x4 ra. Gan nhu tifc thdi,
dong dién cao dugc gidm xudng thanh dong nhd hon chi dd d€ tao ra lyc dién tir &€ giir
ty. Piéu nay thuc hién dugc 12 nhd khe hd mach tir by gid da nhd hon. Khi 16 xa m4 ra,
nhién liéu c6 thé€ chdy vao budng diéu khi€n van vio khoang bén trén né va tir dé tr§
v€ binh chita thong qua dudng dau vé. L& xa 1am mAit cin biing 4p sudt nén 4p suit
trong budng diéu khién van gidm xudng. Piéu nay din dén 4p suit trong budng diéu
khién van thap hon 4p sudt trong budng chia clia ty kim (vin con bing véi 4p sudt clia
ong). Ap suit gidm di trong budng diéu khién van 1am gidm luc tic dung 1én piston diéu
khi€n nén ty kim mé ra va nhién liéu bit diu phun.

a. Khikim dong
Khi kim nhdc
Puong dau vé
Mach dién

Van dién

N b~

Puong ddau vao
(ddu c6 dp sudt
cao) tir ong trit
Van bi

Van xd

Ong cdp ddu

o N & ©

Van diéu khién ¢

buong

9. Van diéu khién
piston

10. L6 cdp dau cho
dau kim

11. Pdu kim

Hinh 7.10: Cdu tao kim phun
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T6c dd md ty kim dudc quyét dinh bdi sy khdc biét toc do dong chdy gitta 10 nap va 16
x4. Piston diéu khién ti€n d&n vi trf dirng phia trén ndi ma né vin con chiu tic dung clia
dém diu dugc tao ra bdi dong chdy clia nhién liéu giita 15 nap va 15 xa. Kim phun gid
day da md hoan toan, va nhién liéu dudc phun vio budng d6t & 4p suit gin bing véi dp
sudt trong dng. Luc phan phdi trong kim thi twong tu véi giai doan md kim.
* Kim phun déng (k&t thiic phun)
Khi dong qua van solenoid bi ngit, 10 xo ddy van bi xudng va van bi déng 15 x4 lai. L6
x4 déng da 1am cho 4p suét trong budng diéu khién van ting Ién théng qua 15 nap. Ap
sudt nay tuong duong véi dp sudt trong 6ng va lam ting luc tdc dung 1én dinh piston
diéu khién. Luc nay cung vdi luc clia 10 xo bay gid cao hon luc tic dung cla budng
chita va ty kim déng lai. T6c do déng cia ty kim phu thudc vao dong chdy clia nhién
liéu qua 16 nap.
*  Pau kim phun
Ty kim md khi van solenoid dudc kich hoat d€ nhién liéu chdy qua. Chiing phun nhién
liéu truc ti€p vao budng chdy.
Ludng nhién liéu du can d€ md ty kim s& dugc dua trd lai binh chita thong qua dudng
ong dau vé. Nhién liéu hdi vé tir van diéu 4p va tir ving 4p suit thip cling dudc din
theo dudng dau vé cling v6i nhién liéu duge diing nhu dé boi tron cho bom cao 4p.
Thiét k& clia ddu phun dugc quyét dinh béi:
— Viéc ki€ém sodt nhién liéu phun ra (thdi diém va lugng nhién li€u phun
theo gbc dd truc cam);
— Viéc diéu khién nhién liéu (so 16 tia, hinh dang nhién liéu phun ra va su
tdn nhuyén nhién liéu, sy phan phdi nhién liéu trong budng chdy, mic
dd 1am kin budng chdy).
PAau phun loai P c6 dudng kinh 4 mm dudc diing trong dong co phun nhién liéu truc tié€p
common rail.
Nhitng dau phun nay gdm 2 loai: dau phun 15 tia hd va dau phun 15 tia kin.
Ld tia phun dugc dinh vi dya vao hinh nén phun. S6 lugng 16 tia va dudng kinh cla
ching dva vao:
— Luogng nhién li€u phun ra;
— Hinh dang budng chdy;
— Su xody 16¢c trong budng chdy.
D3&i vdi ca hai loai 16 tia hd va 15 tia kin thi phin canh cda 16 tia c6 thé dudc gia cong
bing phuong phdp dn mon hydro nhim muc dich ngin ngira s mai mon sém cla canh
156 tia gay ra b3i cdc phan tif mai mon va gidm sai l1éch dung lugng phun.
Pé€ 1am gidm lugng hydrocacbon thdi ra, thé tich nhién liéu dién ddy & ddu cda ty kim
cAn thi€t phai giit § mifc nhd nhit. Viéc nay dugc thuc hién tdt nhat vdi loai ddu phun 16
tia kin.
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L3 tia clia loai nay dudc sip x€p quanh mdt 16 bao. Trong trudng hgp dinh clia dau phun
hinh tron, hay tuy thudc vao thi€t k€&, 16 tia dudc khoan biing co khi hoidc bing mdy
phdng dién (EDM - electrical-discharge machinin).
L3 tia v6i dinh clia dau phun hinh nén thi luén dugc khoan biing phucong phdp EDM.
PAu phun 16 tia hd c6 thé dugc ding vdi cic loai 16 bao véi kich thuc khdc nhau nhu 16
bao hinh tru va 18 bao hinh nén.
* PAau phun 16 tia hé vé6i 16 bao hinh tru va diu tron
Véi hinh dang 16 bao nay bao gdm mot hinh 6ng va mot phan hinh ban ciu cho phép dé
dang thi€t k& véi cdc diéu kién:

— S6 lugng 16;

— Chiéu dai 15 tia;

— G6c phun.
Pinh ctia diu phun 13 hinh b4n ciu va k&t hdp véi hinh dang cda 16 bao gitip cdc 16 tia
c6 chiéu dai gidng nhau.
* Pau phun 1§ tia hé véi 16 bao hinh tru va dinh cia ddu phun hinh nén
Loai ndy dudc diing riéng biét véi 16 tia ¢6 chiéu dai 0.6 mm. Dinh clia ddu phun c6
hinh nén cho phép ting dd day thanh cia diu phun. K&t qud 1a ting dugc do cing cla
dinh kim phun.

DPdu ghim dp sudt " P :4_14

Bé mqit chiu dp luc 2

Puong ddau vao

Mt con

Tin dung kim
Pdu kim
Than kim

Dé kim

Buong dp sudt

0 %0 N SR N~

~
S

Truc dinh huong
Vanh kim
L6 dinh vi

Ddu trén bé mdt 5 g 57

~ O~
N~

~ I~
N W

Bé mdit cong tdc dp sudt
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Hinh 7.11: Cdu tao ddu kim 16 tia hé
* PAu phun 16 tia hé vé6i 16 bao hinh nén va dinh hinh nén
Trong loai ndy, do c6 hinh nén nén c6 thé€ tich 15 bao nhd hon diu phun c¢6 16 bao hinh
tru. Loai nay 12 trung gian giita dau phun 16 tia kin va dau phun 15 tia hé c6 16 bao hinh
tru. D€ c6 dudc bé day ddng nhit clia dinh kim thi né phdi c6 hinh nén phit hgp véi hinh
dang cta 16 bao.
*  Pau phun 1§ tia kin
Pé lam gidm thé tich c6 hai ctia 18 bao va do d6 dé lam gidm lugng HC thai ra, 15 tia
nim ngay trén phan con va véi 16 phun kin, thi né dugc bao quanh bdi ty kim. Piéu nay
c6 nghia 1a khong c6 su két ndi truc ti€p giita 16 bao va budng chdy. Thé tich c6 hai &
ddy nhé hon nhiéu so v6i loai diu phun 13 tia hd. So v6i dau phun 15 tia hd, loai nay c6
gi6i han tdi trong thAp hon nhi€u va do d6 chi sdn xuat loai P véi 15 tia dai 1 mm.
P& dat do ciing cao, dinh ctia kim c6 hinh nén. L3 tia ludn dugc tao bdi phuong phap gia
cong bing mdy phéng dién EDM.
e. Pudng ong din nhién liéu 4p suit cao
Nhitng dudng dng nhién liéu nay mang nhién liéu 4p suidt cao. Do d6, chiing phai
thudng xuyén chiu 4p sudt 4p suit cuc dai cia hé thdng va trong sudt qué trinh ngung
phun. Vi vy, chiing dugc ch€ tao tir thép 6ng. Thong thudng, ching cé dudng kinh
ngoai khodng 6 mm va dudng kinh trong khodng 2.4 mm.
Cédc dudng dng nim giita 6ng phan phdi va kim phun phdi cé chiéu dai nhu nhau. Sy
khdc biét chiéu dai gitta 6ng phan phdi va cdc kim phun dugc bu bing cich uén cong &
cdc dudng 6ng ndi. Tuy nhién, dudng dng ndi nay nén dudc gilf cang ngdn cang tot.
f. Cam bién 4p suit 6ng (rail-pressure sensor)
C4m bi€n 4p suit 6ng do 4p suat tic thdi trong dng phan phdi va bido vé ECU véi do
chinh x4c thich hgp va t8c d6 dd nhanh.
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1. Mach dién

2. Mang so

3. Mang ciia phan tit cam bién

4. Ong dén dp sudt
5. Ren ldp ghép

4

Hinh 7.12: Cam bién dp sudt trén 6ng phan phoi

Nhién liéu chdy vao cdm bi€n 4p suit dng thong qua mot ddu mS va phan cudi dudce bit
kin bdi mot mang cdm bi&€n. Thanh phan chinh clia cAm bi&€n 12 mot thi€t bi ban din
dudc gin trén mang cdm bié€n, dung d€ chuyén 4p sudt thanh tin hiéu dién. Tin hiéu do
cdm bi€n tao ra dugc dua vio mdt mach khuy&ch dai tin hiéu va dua dé€n ECU.

Cém bi€n hoat dong theo nguyén tic:

— Khi mang bi€n dang thi 16p dién trd dit trén mang sé thay ddi gid tri. Su
bi€n dang (khodng 1mm & 1500 bar) 1a do 4p suat ting 1én trong hé thong,
sy thay d6i dién trd gy ra sy thay ddi dién th€ cia mach cau dién trd.

— Dién 4p thay ddi trong khodng 0-70mV (tiy thudc 4p suit tic dong) va
dudc khuyé&ch dai bdi mach khuyéch dai d&€n 0.5V-4.5 V.

Viéc ki€m sodt mot cach chinh xdc 4p suat cia 6ng la diéu bit budc d€ hé thong hoat
dong ding. Pay ciing 12 nguyén nhin tai sao cim bi€n 4p sud 6ng phdi c6 sai s6 nhd
trong qué trinh do. Trong dai hoat dong cia déng cd, dd chinh xdc khi do dat khodng
2%. N€&u cadm bién 4p sudt dng bi hu thi van diéu khién 4p suit s& dudc diéu khién theo
gid tri dinh sdn ECU.

g. Van gidi han 4p suat (pressure limiter valve)

Van gidi han 4p suat c¢6 chitc ning nhu mot van an toan. Trong trudng hop 4p suit vudt
qué cao, thi van gii han 4p sudt s& han ch&€ 4p suat trong dng biing cdch m§ cita thoit.
Van gidi han dp suat cho phép dp suit tic thdi t8i da trong dng khodng 1500 bar.
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1. Mach cao dp
2. Van
3. L6 ddu

4. Piston

5. Lo xo

6. bé¢

7. Thdn van

8. buong dau vé

Hinh 7.13: Van giéi han 4p suat

Van gidi han 4p suat 12 mot thiét bi cd khi bao gdm céc thanh phan sau:

— Phan c6 c6 ren ngoai d€ 13p vao 6ng;

— Mot chd ndi véi dudng dau vé;

— Mot piston di chuyén;

— Mot 10 xo;
Tai phan cudi chd ndi v6i 6ng c6 mdt budng véi mot dudng din dau c6 phan dudi hinh
con ma khi piston di xuéng s& lam kin bén trong budng. O 4p sudt hoat dong binh
thudng (t6i da 1350 bar), 10 xo diy piston xuéng lam kin dng. Khi 4p suat ciia hé thdng
VUgt qui mifc, piston bi ddy 1én trén do dp sud't cia ddu trong 6ng thing luc cing 10 xo.
Nhién liéu c6 4p sudt cao dugc thodt ra thong qua van va di vao dudng dau vé trd lai
binh chita. Khi van md, nhién liéu rdi khdi dng vi vay, 4p suit trong 6ng gidm xudng.
h. Van han ch& dong chdy (flow limiter)
Nhiém vu ctia bd han ché dong chdy 1a ngin cho kim khong phun lién tuc vi du trong
trudng hop kim khong déng lai duge. PE thuc hién diéu nay, khi lugng nhién liéu rdi
khéi 6ng vugt qua mifc da dugc dinh sin thi van giéi han dong chdy s& déng dudng diu
ndi véi kim lai.

Mach dau dén 6ng
Vong dém

Piston

Lo xo

Than

Mach ddu dén kim

Mdt con

o N &N U AW DN~

Van tiét luu

Hinh 7.14: Van gidi han dong chay
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Van gi6i han dong chdy bao gdbm mot budng bing kim loai véi ren phia trong dé bit véi
ong (c6 4p sudt cao) va ren ngoai d€ bit véi dudng dau d&€n kim phun. Van c¢6 mot
dudng din diu tai mdi ddu dé ndi vdi Ong va vdi dudng dau dén kim.

C6 mot piston bén trong van han ch€ dong chdy va dugc ddy bing mdt 10 xo theo huéng
bd tich trit nhién liéu. Piston nay 1am kin vé6i thanh cda budng van va dudng dau theo
chiéu doc thong qua 16 dau & gifta than piston din ddu tir phia bén trong ra phia bén
ngoai piston.

L& diu theo chiéu doc c6 dudng kinh gidm dan & phan cudi va déng vai trd clia mot van
ti€t luu.

e — —— —f— ——— ——— f— — — — — — — —

|
G/d phun '

G/d nahi
0° 360° 720° 1080° 1440°

Goc quay truc khuyu

Hinh 7.15: Van gidéi han dong chdy & ché dp hoat dong binh thuong
véi lugng nhién liéu ro ri nhé

— 0 ché d6 hoat dong binh thuong
O trang thdi nghi, piston nim & vi tri gAn chd ndi véi Sng. Khi nhién liéu duge phun ra,
4p suat phun gidm xudng tai phan cudi kim phun va lam cho piston dich chuyén theo
huéng ctia kim phun. Van gii han dong chdy bu lai Iugng nhién liéu bi kim phun 18y di
tif ong bing cich thay thé thé tich nhién liéu nay bing lugng thé tich dich chuyén cia
piston va khong phai bdi 16 khoan ngang néu lugng nhién liéu nay qud nhd. O cudi qud
trinh phun, piston nhic 1én mot chiit ma khong déng dudng dau ra hoan toan. Lo xo sé&
d4y piston 1én va niim & trang thai nghi va nhién liéu c6 thé chdy qua 15 khoan ngang.
Lo xo va 18 khoan ngang dudc dinh kich thudc sao cho ngay cd véi lugng nhién liéu
phun t8i da (cong véi mot lugng du phong an toan) thi piston van c6 thé di chuyén trd vé
trang thdi nghi cho d&€n 1an phun ké&.

— 0 ché d6 hoat dong bat thuong vdi lugng nhién lidu bi ro ri l6n
NhJ vao lugng nhién liéu rdi khdi 6ng, piston clia van gidi han dong chdy bi ddy khéi vi
tri & trang thai nghi va 1Am kin dudng diu ra. Piston giit & vi tri ndy va ngin nhién liéu
dé&n kim phun.

— 0 ché a6 hoat dong bat thuong vdi lugng nhién lidu bi ro ri nhé
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Nhd vao lugng nhién liéu bi ro ri, piston clia van gidi han dong chay khong thé trd lai vi
tri clia trang thai nghi. Sau mdt s& 1an phun thi piston di chuyén tdi vi tri 1am kin ngd dau
ra. Piston giff & trang thdi nay cho d&n khi dong co tit di va déng ngd diu vao cda kim
phun.
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KET LUAN

Vén dé str dung, khai thdc nhitng két cdu méi, diac biét cong tac kiém tra xir Ii
hong héc hé théng phun xang dién tir 1a di€u tuong doi khé doi v6i cong nhan sira chita 6 to
ciing nhu céc cdn bo khoa hoc ki thuat nganh xe. D€ 1am duoc tot thi viéc duoc trang bi cdc
kién thitic co ban 12 yéu cdu khong thé thi€u. Vi I do d6 ciing nhu trinh do, kinh nghiém
cuia ban than con han ché nén noi dung ctia gido trinh chi tap trung vao tim hiéu céc két ciu
va nguyén tac hoat dong co ban cuia hé thong phun xang L-Jetronic. Nhitng diéu nay ciing

la kién thic tham khao khi khai thac cac hé thong phun xang dién tr khac.
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