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NGHIEN CU'U, CHE TAO
MACH DPIEU KHIEN PANH LUA
TREN DONG CO THEO CHUWONG TRINH

Nguyén Vin Long Giang

ABSTRACT

Most systems of engines are controlled by intelligent ICs. The performance of the ignition
system affects critically on the output power, emission, fuel consumption, etc. The advance
spark timing has been controlled accurately. It matches the operating conditions of engine.
Basing on timing lookup table, dwell angle, we design and manufacture the electronic control
unit (ECU) control the ignition system of the engine, the ECU are programmed by using
Assembler language. The controlled objective is the engine Suzuki Cappuccino in which the
experiments have been carried out.

TOM TAT

Céc hé théng trén déng co 6t6 hién nay duoc djéu khién bang céac chip vi xt ly théng minh véi
cac chuong trinh ngay cang hoan thién. Hé thong danh Itra c6 anh hudng Ion dén cong suat,
tiéu hao nhién liéu, sinh ra 6 nhiem. Goéc danh Itra s&m phai duwgc diéu khién phu hop voi cac
ché do hoat dong cua dong co. ECU diéu khién danh Itra duwroc thiét ké va ché tao voi cac tham
S0 thure nghiém: ban dé géc danh Itra som, goc ngam dién... Cac chuwong trinh diéu khién dwoc
viét bang ngén ngir lap trinh Assemler. Mach diéu khién dwoc thuc nghiém trén dong co Suzuki
Cappuccino.

DBong co Suzuki dugce lap trén xe Suzuki Cappuccino SX306 (1993 — 1996) véi 2 chd
ngdi, xe nay st dung tai thi truong Chau Au. La mot loai dong co hién dai 3 xilanh b
tri thang hang cé thir tw cong tac cua cac xilanh 13: 1 — 3 — 2. Pong co sir dung hé thong
phun nhién liéu thé hé méi, phun theo tht tur cong tac cua timg xilanh vi mot ap sut
khong ddi trén dng phan phdi (khong c6 van diéu ap).

Hé thong danh Iira thi st dung hé théng danh lira hién dai nhat. D6 1a hé théng danh
lira tryc tiép khong c6 bo chia dién, mdi bobine danh lira ding cho mdi bugi cua cac
xilanh. Hai qua trinh diéu khién gbc danh ltra sém va hi€u chinh lugng nhién liéu phun
theo cac ché do lam viéc cua dong co déu do hé théng ECU (Electronic Control Unit)
diéu khién.

I. TINH TOAN CAC THONG SO CUA Xem dién tr& day dan bang 0 va hé

HE THONG PANH LUA théng khong co sir dung dién tré phu.
1. Po tw cam L; cia cudn diy so cap V6i R, =R +R, (R, =0)
bobine ' '
o o R, =R,

Can cu theo tin hiéu cuong d¢ dong
dién I, do dugce trén mdy Scope chung ta R x At
c6 thé tinh d6 ty cam cudn day nhu sau: =L = _l—lR =4,6(mH)

Ta c6: In (1 - )

U
_RERy .
i) =—2 x-e b ) Véi céc thong s6: R, = 1,4Q; 1=7A

R, At = 4ms = 0.004s; U= 12V
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Hinh 1: Sw tang truong cwong do dong
dién trong cugn so cap bobine

2. Nang lwgng du trir trén cudn day so
cap bobine

Nang lugng du trit Wy 13 nang luong
tich Iy dudi dang tr truong trong cudn
day so cap cua bobine. Pé dam bao tia lira
dién c6 du niang lugng dé d6t chay hoan
toan hoa khi, hé thong danh Itra phai dam
bdo dugc nang luong dy trir trén cudn so
cAp cta bobine & mot gia tri xac dinh:

LxI,’
W, =———=50+150mJ
2
Trong do:
Wi Nang luong dy trit trén cudc so cip.

L;=4.6mH D9 tu cam cua cudc so cap
cua bobine.

Ing = 7A Cuong d6 dong dién so cap tai
thoi diém transistor cong sudt ngit.

4.6x7°

= W, = =112 .7mJ

Gia tri Wyg = 112.7mJ nam trong gia
tri cho phép 50+150 mJ
3. Tén s6 va chu ky danh Lira

Déi voi dong co 4 thi, sb tia lra xay ra
trong mét gidy hay con goi la tan s6 danh
Itra dugc xéac dinh boi cong thirc:
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nz
f=——(Hz)

120
Trong do:

f: TAn sb danh Itra.

n: SO vong quay truc khuyu dong co
(min™).

Z: S6 xylanh dong co.

Chu ky danh Ira T: la thoi gian gitta
hai lan xuat hién tia Itra.

Trong do:

te. Thoi gian vit ngdm hay transistor
cong suat dan bao hoa.

ty: Thoi gian vit hd hay transistor cong
suat ngat.

Thoi gian tich lily nang lugng t4 trén
cuon so cap phu thudc vao vong quay n
cua xylanh va s0 xylanh Z.

2 120
3 nZ

d

Dbi v6i dong co sir dung hé théng déanh
Iira truc tiép, may tinh (ECU) s& tinh toan
dé cho gia tri dong dién di qua cudn so
cdp khoang 6 — 7Amps. ECU sur dung
thong tin duoc ghi trong bd nh¢ (bang do
nh¢ tri s6 thoi gian ngam di¢n), dé tir 4o
c6 thé diéu khién thoi gian ngam dién dai
hon, hay ngan hon tily theo gié tri dién ap
accu thap hay cao. Tuy nhién, ECU khong
thé diéu khién qua 75% thoi gian ciia mot
chu ky danh Itra T. Vi vay, thoi gian ngdm
dién cua khoang 4 ms. Gia tri nay dugc
chuyén d6i sang goc quay cua truc khuyu
tuy theo toc do dong co. Khi khoi dong,
ECU sé& diéu khién danh lia cho dong bod
v6i tin hiéu cam bién tdc do truc khuyu,
d6 1a thoi diém danh lia theo mot gid tri
khong d6i 1a 10° truée diém chét trén.

II. PIEU KHIEN GOC PANH LUA
TREN PONG CO

Thoi diém dénh lva som chinh xac
trong sudt qua trinh hoat dong dong co rat
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quan trong vi n6 anh huong 16n dén muc
tiéu thu nhién li€u cling nhu d§ 6 nhiem
cua khi thai.

Céac yéu t6 sau dugc sir dung dé diéu
khién goc danh ltra (twong tu diéu khién
nhién li€u):

» Ap suat dudong 6ng nap

= Luu lugng khi nap

= Téc d6 dong co

= D0 mo budém ga

= Ti s6 khong khi — nhién liéu

= Goc quay truc khuyu va tin hi€u vi tri
piston (TDC)

= Nhiét d0 moi truong
= Dién 4p accu

Goc danh lira som thuc té khi dong co
hoat dong dugc xac dinh bang cong thic
sau:

0 = Opa + Ocp + Oc

Trong do:

0 - goc danh lira sém thuc té

Obd - g6c danh Itra sém ban dau
Ocp - goc danh lra sém co ban

Ohe - goc danh lItra sém hi¢u chinh

0

ebd ecb ehc
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Goc danh ltra sém ban dau (Bba) phu
thudc vao vi tri caa delco hodc cam bién
vi tri cbt may (tin hiéu G). Thong thudng,
trén cac loai xe goc danh Iira sém ban dau
duge hiéu chinh trong khoang tir 5° dén
10° trude tir diém thuong & toc do cAm
chung.

Dua vao tdc do (tin hiéu NE) va tai caa
dong co (tir tin hiéu ap suét trén duong
6ng nap hoac luu lugng khi nap), ECU sé
doc gia tri cua goc danh Itra som co ban
(Bcb) dugce luu trir trong bd nhd.

Goc danh ltra sém hiéu chinh (Opc) 1a
g6c danh lua sém duoc cong thém hoac
giam bot khi ECU nhan dugce cac tin hiéu
khac nhu nhiét d0 dong co, nhi¢t do khi
nap, tin hi¢u kich nd, tin hiéu téc do xe...
Vi vay, géc danh Itra sém thuc té duoc
tinh bang goc danh lira sém ban dau cong
vo1 goc danh Ira som co ban va goc danh
lira som hiéu chinh dé dat dugc goc danh
lira sém 1y tuong theo timg ché do hoat
dong cua dong co.

Go6c danh Itra sém hiéu chinh theo su
tang hay giam cia téc do va tai cua dong
co. Ban d6 gbéc danh lura dugc xac dinh
bang cach thuc nghiém khao sat cac goc
danh lira t8i vu trén mot vai loai dong co
cua Toyota, Mitsubishi, Ford... Sau do,
thiét 1ap duoc ban do goc danh lira sém
clia dong co theo 2 thong sb cia dong co
1 toc do va tai.
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Ban db gid tri goc danh hira sém
EPM
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Hinh 2: Ban do gid tri géc dinh liva sém

III. THIET KE, CHE TAO MACH
PANH LUA THEO CHUONG TRINH

1. So' 0 khoi mach diéu khién h¢ thong
danh lira theo chwong trinh

C/Bt6cds dgng ca

Cam bién vi tri
truc cam

Cam bign kich ng E
T C IGT2 = 1
Cam bién nhiét dé U
nuge 13m mat -
hd Bugi 2
= B o
B¢ do gié (MAP) IGT3 =
—I=
Budm ga = L
CB NHIET B0 NUTIC LA
iy 20
CHUYEN
CAM BIEN MAP 207 ADC
—
CAM BIEN NHIET 80 KHI NAE
XV
LY
TIN HIEU KHOI DONG
TiN HIEY TOG £ BONG GO
CAM BIEN VI TRI BLTUM GA

BOBINE BANH LUFA

Hinh 3: So db khéi mach diéu khién h¢
thong danh liva theo chwong trinh

Vi xur 1y hoat dong trén co s& nhan cac
tin hiéu sb tir cac cam bién bén ngoai. Vi
xu ly sé€ lan luogt xir 1y cac tin hi€u va doc
dir liéu goc danh ltra sém trong cac ban do
da dugc nap san cac bang s6 liéu. Tur do,
tinh ra goc danh ltra sém theo toc do dong
co, tai dong co va céc tin hi¢u khac cta
cac cam bién dé diéu khién goc danh lira
som trén dong co la t61 wu nhat.

Pbi vé6i nhitng tin hiéu c6 dang twong
tur (tin hiéu dién ap) nhu cam bién nhiét do
nude lam mat, cam bién MAP...) thi phai
qua b chuyén d6i ADC dé chuyén d6i tin
hi€u tuong ty (tin hi¢u dién ap) thanh tin
hiéu sb. Qua trinh chon kénh bién ddi cac
tin hiéu nay ciing duoc diéu khién boi su
két hop giira vi diéu khién AT89C52 véi
bd chuyén doi ADC. (Gia st AT89C52
xuit cac mi s6 nhi phan 000, 001, 010... &
cong A, B va C cua ADC). ADC sé tién
hanh bién d6i tin hidu tuong tuy tir cam
bién MAP, cam bién nhiét d6 dong co hay
cam bién nhiét d6 nudc 1am mat... sang tin
hiéu s6, tir @6 méi duge dua vao vi diéu
khién xur 1y tim goc danh lira sém tuong
tmg dwa dén diéu khién cac transistor
cong suit tao ra tia lira & cac bugi theo
dung tht ty thi nd cta dong co.
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2. So' @b thuit toan diéu khién danh lira theo chwong trinh

-~

MNR3p tin Ridgu tdc d5
ddng oo va vi vl xylank
I

Nh3p tin Rigu i dong co
I

MNRap i f dien ap he thong
[

Mhdp e vl ol budm ga
I
Mhap th RRigrdd 2O

False

Ddng o dang

Bng o chua Trhie
hoat ddng »

kehdi dény

Tink gdc ngdm dign co bdn
che dd ki dodng

Tinh géc dénh lde som cabiné
ché db khdti déng

Xde dink thet by ddnh lde cde cic
wilanhit-3- 2

Y

Xic dink gdc ngam

Tra bdn d3 géc dénh itasdm
theo t8c 46 vd tdl ddng oo

Tlah todn goc ddnk ja hidu
chink theo nhidt 48 nudc

Héc dink
Foc dank fifa thuc te

Xde dink tht b ddnh Ide cde e
wilanh it -3 - 2)

Trong khi mach lam vigc, hoat dong
ctia to chirc ngit cac bd dinh thoi nén viée
do dién 4p cua cam bién ap suit chan
khong (MAP), cam bién nhiét do nudc
lam mat, cam bién nhiét do khong khi nap
hau nhu 1a song song vdi viéc do tde do
dong co.

Vi diéu khién s& nhan biét dugc toc do
dong co, tor d6 tim dugc gia tri goc danh
lra sém tuong Gng trong cac gia tri clia
ban d6 d3 duoc nap san trong bo nhd cua
vi diéu khién.

Vi diéu khién tiép tuc nhan biét cac tin
hi€u di¢én &p cam bién nhiét do nude, cam
bién nhiét d¢ khi nap, tin hiéu tir cam bién
vi tri buém ga, tin hiéu khoi dong dé c6 su
lga chon tinh toan goc ngadm cho céc ché
do lam viéc cua dong co cling nhu viéc
xac dinh goc danh Itra sém hi€u chinh.
Goc danh Iira thuc té bang tong goc danh

Xudt tin higw difu khidn
transstor oda bobine danh hia

Ita som co ban va géc danh lira hiéu
chinh. Vi diéu khién luu gia tri goc danh
lta sém thuc té va chd dén thoi diém
dung thoi diém danh lira phun diéu khién
transitor cong suit & bobine dé tao ra tia
lira @& d6t chay hdn hop hoa khi theo ding
thir tu cOng tac cua dong co.

« Chét cam BRI thong qua cac dién tro
va transistor dé vao 4 port (P3.0, P3.1, P3.2,
P3.3) cua vi diéu khién dé nhan tin hiéu tac
dong ngudn duong nhu tin khoi dong STA,
IG, A/C va cling nhu 1a nhan tin hi¢u xung
Hall do cdm bién Hall dua vao dé xac dinh
s6 vong quay va thir tir cong tac cua cac
xilanh. Ngoai ra, 4 Port (P3.4, P3.5, P3.6,
P3.7) duoc st dung 1am cac kénh ra dé diéu
khién van khong tai (ISC).

« Chdt cim BR2 thong qua cac dién

tro, transistor va ngudon VCC nbi véi vi
dieu khién ¢ 4 port (P3.0, P3.1, P3.6, P3.7)
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dé nhén tin hiéu tic dong bang ngudén 4m
(mass) nhu tin hi¢u canh buém ga.

« Chét cim ADC thong qua cac dién tré
va ngudon VCC ndi véi ADC ¢ cac chan
INO, IN1, IN2, IN3, IN4, IN5, IN6, IN7 dé
nhan cac tin hiéu twong ty tir cac cam bién
nhu cam bién nhiét d6 nudc (THW), cam
bién d6 chan khong dudng dng nap (PIM),
cam bién nhiét do khong khi nap (THA) va
cam bién vi tri canh buém ga (VTA). Pong
thoi con co chan cung cap nguén V= 5V
cho cac cam bién.

« Chdt cim BR4 thong qua cic dién
trd, transistor, diot zener, cong Not, nguon

B1
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VCC... nbi véi vi dicu khién & 4 port
(P0.0, P0.1, P0.2, P0.3, P3.5) dung dé xuét
tin hiéu danh lira (IGT) dén diéu khién cac
trasistor cong sudt tai cac bobine.

« Chdt cam BRS5 nbi véi transistor cong
xuét, dién trd, diot zener... & cac port P0.4,
P0.5, P0.6, P0.7 d¢ diéu khién cac kim
phun. Ngoai ra, ¢6 cic chan cung cap dién
ap 12V Accu (BATT), dién 4p 12V tu
cong tic may (B1+) va 2 chan Mass cho
vi diéu khién, Mass kim phun.

«BO ngudn 6n 4p 5V dung dé cap
nguén cho vi diéu khién va cho mach hoat
dong.

P2.0/A8  P0.0/ADO
P2.1UA9  PO.UADL
P2.2IA10  PO.2/AD2
P2.3/A11  PO.3/AD3
P24IA12  PO.4JADA
P25IA13  PO.SIADS
P2.6IA14  PO.6/ADG
P2TIAL5  PO.TIADT

B

il bl i e

T

P3.0RXD
P3UDD.
P32/INTO
P3.3/INTL

PLO
PL1
P12
PL3
PL4
PLS
PLE
PL7

:

bl il

PL5,

i

i

l

XTALL A
XTAL2"

ALEIPROG
PSEN

Bk

EAvpP [

RST 2 _41
ATERCs1
R10L 0
iR ]2

82K v

Hinh 5: So d6 mach nguyén ly ciia hé théng diéu khién
danh lviva theo chwong trinh
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IV. KET QUA THUC NGHIEM CAC
TIN HIEU RA PIEU KHIEN CO CAU
CHAP HANH CUA HE THONG
PANH LUA

1. Qua trinh tang trwéng cwong do
dong dién trong cudn day so cap

Su tang truong dong dién & hinh 6.8
cho chung ta thiy duoc thoi gian ngim
dién cta Bobine la 4ms va gia tri cuong
d6 1a khoang 7A, (str dung thiét bi quy doi
tr Ampe thanh Volt [ 1A = 1V ]), theo
nhu tinh todn thi qua trinh ngdm dién
khong vuot qua 4ms va cuong do thi
khong qua 7A thi luc d6 ching ta s& co
duoc tia lira manh nhét va ciing khong 1am
noéng bobine.

-
-

-

-

rLrs

s s
.

.

.

-

.

Hinh 6: Sy tang trwong dong di¢n trong
cugn ddy so cap (Mdy Snap-on)

2. Xung mach so cép ciia h¢ théng danh
Itra

Tir cac xung & hinh trén cho thiy thoi
gian ngdm dién cda cudn day danh ltra so
cAp bobine cta 3 xilanh 13 nhu nhau
khoang 3.8ms, thoi gian ngdm dién co
chénh 1éch rét it khoang 0.1%, diéu nay
cho thay kha ning tich lily niang lugng
danh lira tai cac bobine 1a nhu nhau, dan
dén qua trinh chay giita cac xilanh lam
cho sy dao dong cua s6 vong quay dong
co 1a khong dang ké so véi hé thong danh
lra thuong st dung trén céc 6t6 trude day.

[TEE EEY

P U

L1

[T 1Y

TN 1A% 4N TN

i 1 3

[ TTREIEY

Hinh 7: Xung so cdp cua cdc bobine -
biéu do goc ngam va biéeu do svwc dién
dong tw cam cudn so cdp

3. Xac dinh thoi gian chay
~ Thoi gian chdy so cip: 1036 us thong
s0 nay cho thay thoi gian chay dai va nang
luong tich liiy 16n (Khe hd cac dién cuc

bugi 1a 0.85mm).

v »x=39s5,0=1075s,x0=1036ps

180

140
120
100

80

>
|
160 |
|
|
|

L1}
|

60
20 | | mgooeseo
0

0

0. 0.5 1.0 1.5 2.0 2.5 3.0

Primary lanition Burn Time

Hinh 8: Thoi gian chdy so cip

4. Cac thong s6 Kkhi thai ciia dong co sir
dung hé thong danh lira theo chuwong
trinh

Céc gia tri khi thai do dugc cho thay
thanh phan HC trong khi thai con kha cao
so v6i yéu cau, nguyén nhan c6 thé la
lugng nhién li€u tinh todn chua dung theo
ti 1€ thich hgp hodac goéc danh Ita som
chua that chinh x4dc dan dén qua trinh
chay khong hét 1am cho luong HC trong
khi thai tang 1én, dong thoi chua sir dung
cam bién Oxi trong qué trinh diéu khién
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kin (Closed loop) dé cac khi thai doc hai
sinh ra la thap nhat .

Luong CO; c6 trong khi thai 1a 0.64%,
gia tri nay co thé chap nhan dugc néu nhu
sit dung & thi truong Chau A va Viét
Nam.

Luong CQz chua duqq cao la (jo qua
trinh chdy dién ra trong di€u ki¢n hon hop
giau A/F =13.1/1.

Gié tri A = 0.9 cho thy dong co chay
giau dan dén céc tri so khi thai cao hon
quy dinh.

Do thoi gian c6 han va thiét bi chua
déng bd nén viéc xac dinh cac thong s6 ¢co
thé chua duoc chinh xac hoan toan. Dé c6
duogc két qua chinh xac thi phai kiém tra
bang nhiéu thiét bj do khac nhau, dé gia tri
do chinh xéc, tir d6 s& hiéu chinh toi wu
cac thong sb cua dong co.

Bnap=on Tools Corporation

LAMBDA| 0.98 :

EFFRUET 2 T 07T 20—t

Hinh 9: Cac thong Sér‘khl' thai do
khi dong co chay cam chirng

V.KET LUAN

» Ttr nhitng két qua dat duoc cua dé tai
nghién ctru ché tao mach diéu khién danh
lira theo chuong trinh cho thiy viéc ché
tao ECU ¢ Viét Nam la hoan toan c6 kha
nang hién thuc.

» V6i nhitng linh kién dién tr va thiét
bi thong dung c6 ¢ thi truong Viét Nam da
ché tao thanh cong ECU diéu khién hé
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thong d4nh lira cho dong co. Tir d6, dé mo
rong nghién ctru ché tao ECU cho bt ky
loai dong co nao co sir dung hé thong
phun xing va danh lira diéu khién tir ECU.

« Buéc dau tao ra tién dé cho viéc
nghién ctru ché tao cic hé thong diéu
khién cho dong co phun xing truyc tiép
GDI (Gasoline Direct Injection), dong co
Diesel, dong co xe may la nhiing van dé
dang duoc cac hing xe trén thé gisi dic
biét quan tam.
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