CONG NGHE

NGHIEN CU'U XAC DINH CAC KY LAM VIEC CUA BONG CO
PHUN XANG XE MAY DUNG CAM BIEN AP SUAT DUONG NAP

RESEARCH AND DETERMINATION STROKE OF GASOLINE ELECTRONIC FUEL INJECTION ENGINE
ON MOTORCYCLES BY MANIFOLD ABSOLUTE PRESSURE SENSOR

TOM TAT

Khac vdi dong co phun xang 0 to throng ding cam bién vi trf truc cam dé
diéu khién phun xdng va danh lira, hé thong nhién liéu phun xang xe méy
thuong st dung cam hién &p suat duong nap do don gian vé két cau voi gia
thanh thap. Bai bao nay trinh bay thuét toan xac dinh c&c ky lam viéc clladong co
thong qua tin hiéu p suat dwong nap dé diéu khién thoi diém phun va danh I
trén dong co phun xang mot xi lanh ¢& nho.

Tlr khda: Bong co phun xang cd nhd, phun xang xe méy, digu khién phun xéng
va déanh lira.

ABSTRACT

Unlike gasoline injection engine used automobile camshaft position sensor
to control fuel injection and ignition, fuel injection fuel system often used
motorbikes pressure sensor manifold structural simplicity due to low price. This
paper presents the algorithm determines the working period of the engine
through manifold pressure signal to control injection and ignition point on fuel
injection engine acompact cylinder.

Keywords: Small gasoline engines, EFl motorbike, control fuel injection and
ignition.
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1. GIOI THIEU CHUNG

Trong nhirng nam gan day, s6 lvgng xe may gia tang rat
nhanh, day la loai phrong tién giao théng rat phé bién tai
c&c nwdc dang phat trién ¢ murc tiéu hao nhién liéu va o
nhiém khi thai l6n. Mat khac, dé giam phat thai doc hai anh
huéng dén moi trudng dong thoi tang tinh kinh té nhién
liéu khi st dung thi da phan déng co xang lap trén xe may
hién nay déu duoc trang bi hé théng phun xdng va danh
Ira diéu khién bang dién ti, do cac hé théng nay diéu
khién chinh xéac dugc tirng ché dé hoat déng clia dong co.
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Tuy nhién, dé diéu khién chinh xac hoat dong ctia déng co
thi cac hé thong trén can phai xac dinh duwoc tirng ky hoat
dong hién tai cling nhv vj tri chinh xac cda pitténg thong
qua viéc str dung két hop gitta cdm bién vi tri truc cam va
tdc dd truc khuyu. Néu cac ky trong mot chu trinh hoat
dong ctia dong co khong dugc xac dinh chinh xac sé khéng
thé t6i wvu hoad dwoc qua trinh chuén bi hén hop cé chat
lvgng tét nhat, dap (rng yéu cau hién tai cla déng co do
qué trinh hoa trén hdn hop khéng tan dung dwoc cac yéu
t6 vé dong luc hoc clia dong khi nap; nhiét dd clia xu pap
nap va khong du thoi gian dé sdy nong, hoa hoi hoan toan
lrgng nhién liéu phun. Mat khac, d6i véi hé thdng danh Iira
khi d6 sé phai danh Itra 2 1an trong mot chu trinh lam viéc
gay tiéu hao, lang phi nang lvong danh Ira, déng thoi lam
giam tudi tho hé théng danh Itra do phai lam viéc nhiéu.

Khéac véi déng co 6 td thwong dung cam bién vi tri truc
cam két hop voi cam bién gdc quay truc khuyu dé xac dinh
ky lam can clv dé diéu khién phun xang va danh lra. Hé
thong phun xang va danh Ira xe may dé don gian hoa vé
két ciu va giam gia thanh san xuéat thong thuong khéng
dwoc trang bi cAdm bién vi tri truc cam.

Bai bao nay trinh bay thuat toan xac dinh cac ky lam
viéc clia dong co théng qua tin hiéu ap sudt duong nap
k&t hop voi cam bién goc quay truc khuyu dé diéu khién
thoi diém phun xang va danh Ira cho dong co phun xang
mot xi lanh c¢& nho 1&p trén xe may. Thuat toan nay dwoc
xay dwng va mo phdng trén md hinh ddng co mot xi lanh
phun xang dién t& st dung phan mém Matlab/Simulink.

2. MOTAMO HINH
2.1. Co s6 ly thuyét xay dung md hinh nap dong co

Buém ga, duong 6ng nap, xu pap nap la 3 khéi quan
trong trong mé hinh dong hoc khéng khi nap ctia dong co
xang va dugc mo ta nhuw so do hinh 1.
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Hinh 1. So d0 md hinh nap ddng co phun xang xe may
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Pong lwc hoc dong chay cua lvgng khdng khi nap lvu
dong qua duong 6ng nap cé thé dugc md ta bang mod
hinh dién day [1] trén co s& phrong trinh dong nén dang
entropy. N6 bao gom dong chay khéng bi chan va bi chan
nhu trong so dé hinh 2 va cac phuong trinh (2); (3). D€ xay
dyng md hinh mé phoéng, can phai gia thuyét rang dong
khi chay trong hé thdng khéng c6 ma sat gilra cac phan t&
va v@i thanh vach, khdng cé hiéu irng quén tinh dong chay
va cac hé thong duong 6ng xung quanh cac van nhé hon
so v6i duwong 6ng nap, dong thoi hé c¢6 1ap hoan toan
khong co su trao doi nhiét véi moi trwdng xung quanh.
Ngoai ra, ta c6 thé gia dinh chat 1dng la khdng nén duoc.
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Hinh 2. M& hinh dong khi di quabuém ga[2]

Xét md hinh dong chay qua buém ga véi mot s6 gia
thuyét nhr khong c6 tén that dong khi khi ap suat giam,
tat ca nang lwvgng dv trir trong dong chay sé duoc chuyén
déi thanh nang lvgng dong nang. Sau khe hé hep, dong
chay bi hdn loan hoan toan (ché dd chay réi) va tat ca ning
lvong dong nang déu dugc chuyén doi thanh nang luvgng
nhiét, sé khdng xay ra s phuc hoi p suat. Khi dé cé thé st
dung phuong trinh Bernouli dé xéac dinh lvgng khi di qua
bwém ga (BG) theo biéu thic [2, 3]

M(t) = Cy A)A20 4P (1)~ Pour (1) (1)

O day, C, 1a hé s6 tén that dong khi qua BG; A(t) dién
tich m& BG; p mat d6 khong khi (gia dinh 1a khong déi);
Pin(t) &p sudt phia trudc BG; p,.(t) ap suét phia sau BG.

Do vay, theo so dd hinh 2 két hop véi phwong trinh (1)
ta thay lvgng khéng khi di qua BG dugc xac dinh théng
qua 2 truong hop [4]:
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Theo cac biéu thic trén ta thay luu lvgng khong khi
gua BG vao duwdng nap If‘i mo&t ham phu thudc vao mot loat
cac théng s6 va duoc dién ta nhu sau:

Mt =F(C,A©), Ty o, RK,P,) @)

Trong d6, mint 1a lwvgng khdng khi di qua BG; Cq 1a hé
s6 luu lugng ctia dudng nap (xac dinh tir thyc nghiém); R [a
hang sd khi Iy twéng; k 1a hé s6 doan nhiét clia khéng khi
(k =1,3) [5]; To, Po 12 Nhiét dd va ap suat khi quyén; A(8) la
tiét dién lvu théng ctia BG phu thudc vao dé mé cla BG 6.
Theo so d6 hinh 3, tiét dién lvu théng qua BG duoc tinh
toan thdng qua 2 giai doan. [4]

* Khi BG di chuyén tlr vi tri (1) dén vi tri (2) ta st dung
bi€u thirc (5):
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* Khi BG di chuyén tir vi tri (2) dén vi tri (3), vi tri (2)

dugc xac dinh qua biéu thirc 9> cos‘{%cos(ﬁo )} -0, vatiét

dién BG tai vi tri nay dugc xac dinh theo biéu thic (6):
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2 202 2 |2
A©)=sin {1—(% } —O"—D.P_(Ej } (6)
2 D 2 D
Trong do, D la duwong kinh BG (mm); d la dwdng kinh
truc BG (mm); 8, la goc mé khéng tai clia BG. Ap suét trén
duong nap p;, c6 thé xac dinh theo phuong phap trung
binh nho phuong trinh can bang khi Iy twéng [4]. Coi hé
théng nap va hé théng xa la mét hé thu phat nhu so do
hinh 4, cac dai lugng dau vao va dau ra co thé la cac dong
chat va nang lvgng, khéi lvgng va nang lwgng nhiét, ap luc
va nhiét do. Néu gia dinh rang khéng c6 su thay ddi dang
ké vé nhiét, khoi lvgng hodc dong nang trong dong chay.
Qua tinh to&n c6 phuwong trinh trang thai nhw sau:
d TR

—T= C mlnT -C .n."lou T-C r.nin—r{"lou T 7
dt pVCV|: p in p t v( [) :l ( )

Trong do6, C, - nhiét dung riéng dang ap; C, -

nhiét

. C
dung riéng dang tich va hé so ty nhiét k =C—p ,R=C,-C,

hang s6 khi ly tudng.

Hinh 3. So d6 hoat dong clia buém ga
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Hinh 4. M hinh hé thu phat nang lugng

Ap suét trén dudng nap p,, & ché do én dinh duoc xac
dinh nhuv sau:

Py =
Vv,

m

.(r'nin,th - n"]in,cyl ) (8)
Trong d6, T, - nhiét dd bén trong dudng 6ng nap;
Vim - thé tich dudng 6ng nap va m;,, - lvu lvong khéng
khi tir dwong 6ng nap vao bén trong xi lanh.
Pé xac dinh luvgng khi di vao xi lanh déng co ta xac
dinh tvong ty nhw trén;

k
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Ham xac dinh rﬁm,cw phu thudc cac thdng s6 sau:
r;]in,cyl = f(cf,iv ’Aiv ’Tim 1Pim ’Rim ’k’ pcyl) (11)

Trong do, C;;, - hé sb lvu lwgng cla xu pap nap (xac
dinh tir thyc nghiém); A, - ti€t dién ngang cla xu pap (tinh
tai tiét dién tiép xdc vai miéng dwdng 6ng nap trén nap xi
lanh); k - hé s6 doan nhiét cda khdng khi; T;.,, pir, - Nhiét dd
va ap suat duong éng nap.

2.2. Xac dinh cac théng s6 nap va xay dung mé hinh mé
phoéng trén Matlab/Simulink

Doi tvong nghién ctru dé xay dwng mo hinh la déng co
phun xang 3 xu pap, phun xang trén dutong 6ng nap, 4 ky,
1 xi lanh I8p trén xe may clia hdng Piaggio. Cac thong s
co ban ctia dong co dugc trinh bay trong bang 1.

Bang 1. Nhitng thdng s6 co'ban clia dong co 3V i.e

Cong sudt cuc dai (kW) Ne max 8,7/7500 v/ph
M0 men cuc dai (Nm) Me max 12/5000 v/ph
Suét tiéu hao nhién liéu nhd nhét (g/kWh) gemin 320

Ty 0 nén (-) € 105:1

Ngoai ra, dé xay dueng mo hinh nap thi hé sé lvu lvgng
clia xu pap nap Ci, trinh bay & hinh 5 dugc xéac dinh bang
thic nghiém. Thé tich duong duong ong nap dwgc tinh tir
buém ga dén xu pap nap ciing dugc xac dinh bang thuc
nghiém do kiém voi gid tri la Vv,, = 97.10° m®,
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Hinh 5. Quan hé gilta hé 56 lru lrong va do nang cla xu pap nap

Sau khi xac dinh duogc co s& ly thuyét, cac théng s6
thic nghiém can thiét dé xay dwng mo hinh nap, két hop
véi thi nghiém dong co trén bang thir dé xac dinh thém
mot s6 théng s6 can thiét cho viéc xay dyng cac mo hinh
khac trong md hinh ddng co nhv md hinh chdy, md hinh
ma sat, md hinh déng hoc. Két qua md hinh doéng co
Piaggio 3Vie da duogc xdy dyng trén phan mém
Matlab/Simulink hinh 6 trong d6 c6 chia md hinh nap
hinh 7.

Sau khi xay dwng va kiém chirng mo hinh déng co 3Vi.e
trén Matlab/Simulink ddm bao d6 tin cay, chay thir nghiém
mo hinh tai toc d6 2500 v/ph & céc vi tri 10; 20 va 30% do
mé& cla buém ga, két qua dugc trinh bay trén do thi hinh 8.
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1 Throttie Angle. theta (deg)

Throttie Ang.

Manifold Pressure, Pm {ban) Thrattie Fiow, mai_dat (9/s)
Almosphenc Pressure, Pa (bar)
Throltie
B

dMao
L mai_dol Input (gfs)
Cylinder Fiow, mao_cot (g/s)
Mao_dot
QP .

Fed Gain Pa to bar) »led Men it Pressure. P toar |

2 — .
O femm B>
cA_T20

Cam angle to vake lit
intake valve it (m) to Cd

Intaka Manifold

Air Intake Dynamics

Hinh 7. M@ hinh nap clia dong co Piaggio 3Vi.e trén Matlab/simulink
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Hinh 8. Mdi quan hé gitta Pm va CA tai toc d6 2500 v/ph
2.3. Thuat toan xac dinh cac ky lam viéc ctia dong co

D0 thi hinh 8 cho thdy, tai thoi ky nap cla xilanh dong
co ng voi goc tir 0 + 180° xu pap nap mé lam cho ap suét
trong duong 6ng nap gidm xudng va dat gia tri thap nhat
so vGi cac ky khac. So sanh gilta cac vi tri mé clia bwém ga
cho thdy buém ga mé cang nho thi dé chan khéng cang
I&n, dong thoi diém dat d6 chan khong Ién nhat ng véi
céc vi tri m& clia bwém ga dich chuyén dan vé phia cudi
qua trinh nap khi déng nho dan buédm ga. Vi vay cé thé két
luan rang, dé dam béo xac dinh dang ky nap clia dong co
lam can c* dé tim ra cac ky lam viéc khac voi do chinh xac
cao thi nén chon va bat diém trong qua trinh khéi dong
dong co. Khi dong co khéi dong, buém ga mé trong
khoang nhé hon 10° va toc do déng co khoang mot vai
trdm vong phut, d chan khéng trong duong nap dat gia
tri rat cao.

Hinh 9 m6 t& so do thuat toan xac dinh ky ctia dong co
phun xang mot xi lanh dung cam bién ap suat duong nap.
Khi khéi dong dong co, chuong trinh sé so sanh va phai
dam bao 3 yéu td xac dinh chinh xac dong co dang trong
qua trinh khéi dong la téc doé dong co 16n hon 100 va nhé
hon 1000 v/ph déng thoi bwém ga phai mé & vi tri nho
hon 10°.

Néu dong co dang khéi dong thi gia tri ap suat duong
ong nap sé dwoc do va chuyén thanh tin hiéu dién ap. Gia
tri dién ap clia cdm bién ap suét duoc ki€ém tra véi hai diéu
kién la dién ap cam bién tai thoi diém th i Ién hon 3V
(UMAP, i = 3V) va dong thoi dién ap tai thoi diém thi i
phai lon hon dién ap tai thoi diém thé i-1 (UMAP,
i > UMAP, i-1) khi théda man hai diéu kién trén thi sé doc gia

tri goc quay cla truc khuyu. Néu gia tri dién ap clia cam
bién ap suat khong thod man yéu cau thi qua trinh doc gia
tri 4p sudt van tiép tuc dugc thuc hién.

Do chu trinh lam viéc cla dong co 4 ky xay ra trong 2
vong quay truc khuyu (720°) nén khi c6 gia tri géc quay
truc khuyu CA can phai dwgc phan tich xac dinh hién tai
truc khuyu dang & vong quay nao cuda chu trinh cong tac
tai thoi diém cudi nap dva vao tin hiéu &p suét clia dudng
ong nap.

Umap,i2 3V

Umar,i> Umiap, i-

Yes Poc gid tri géc quay

N truc khuyu (CA)
No
} ves CA2200°

Doc cb gid tri ap suat

Yes
+ Dich géc truc khuyu
0
Chuyén déi dién ap 360

o> &

Hinh 9. So d6 thuat toan xac dinh ky ctia dong co

Vay, néu CA = 200° thi déng nghia dong co dang &
vong quay thi hai ctia chu trinh cong tac va nhu vay phai
dich géc quay truc khuyu di 360°. Nguoc lai, CA < 200° thi
do chinh la ky nap clia dong co. Theo cac diéu kién nhu
trén, chwong trinh thuat toan cé thé xac dinh dugc chinh
xac cac ky lam viéc clia dong co nhu trén do thi hinh 8. Tuy
nhién, néu buvdm ga m& qua I16n sé khong thé xac dinh
duwoc chinh xac cac ky clia dong co do dd chan khong
trong duong nap qua thap. M6 hinh diéu khién xac dinh
thoi ky khdi dong; goc quay truc khuyu tai thoi diém cudi
nap clia déng co trén Matlab/Simulink thé hién trén hinh
10vail.

: | » —b{gheck_condilinn_allow_mm parel
Constant1 Ll -
.
Switeh
throttle_posit » Logical
i Convert Operator | ogical
m . Operator1
Constant? Switch1  Relational AND
@Engine_speed Operator3 AND bw
e [conven]
100
Constant3 h 4
B int Corract_cr @
Crank_angle Angle_offset
Subsystem

Hinh 10. M@ hinh xac dinh thoi ky khdi dong trén Matlab/Simulink
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e Gain
Relational 3

Voltage_comparexx = 3
- (Calibration

Operator2 =

»{, Check CR

Triggered

Subsystem

Crank_compare = 200
Constants P Calibration

Hinh 11. M4 hinh xéc dinh gc quay truc khuyu tai thoi diém cudi nap trén
Matlab/Simulink
3. KET QUA VA THAO LUAN

Hinh 12 cho thay két qua bién thién ap suat duong nap
theo g6c quay truc khuyu trong tredng hgp nay dé chan
khéng dat gia tri cyc dai tai goc quay 180° va day la thoi
diém 1dy mau bét diém dé so sanh voi méc 0° da dugc dinh
nghta triedc d6. Néu goc quay truc khuyu tai thoi diém cudi
nap nhdé hon hodc bang 200° thi ¢6 nghia la géc quay hién
tai cla truc khuyu dang & thoi ky nap cda dong co va can
clr vao dé thi cac géc quay ti€p theo tuan tv 1a 360, 540 va
720° lan lwvot twong (ng la cadc qué trinh nén, chay sinh
cdng va thai.

Divide neu_goc_cuci_nap Gainq Correct_cr

lon_hon_200_thi
dao_lai_goc_offset

Enable

Umar
5V

A\

\<""

T
kyhit | Kynén | Kychay | Ky thai
I
l |
0 180 200 360 540 720 CA”

Hinh 12. Bién thién ap sudt trong truong hop gdc quay truc khuyu ding

Hinh 13 cho thay két qua bién thién ap suat duong nap
theo g6c quay truc khuyu trong tredng hgp nay dé chan
khong cudi qué trinh nap dat gia tri cuc dai tai goc quay
540°. Nhu vay, so v&i moc 0° da duoc dinh nghia ban dau
thi can phai dich géc quay truc khuyu CA lai mot géc 360°
dé trang voi qua rinh nap, can c vao dé sé xac dinh dwgc
cac ky tiép theo.

Unmap
5V

!

|

|

\ |

3v 1
i

Ky hut

Ky chdy Ky thdi

360 540 560 0 180 360CA"
Hinh 13. Bién thién ap sudt trong trudng hop géc quay truc khuyu léch 360°
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Nhu vay, theo chu trinh lam viéc clia dong co néu
gbc quay truc khuyu nao ma cé chira thoi di€ém gia tri
ap sudt duong nap dat thap nhat dé la qua trinh nap va
khi d6 s€ ng v&i géc quay truc khuyu tir 0 dén 180° va
clr tuan ty sau 180° ti€p theo la cac qua trinh nén, chay
sinh cdng va thai twong (ng voi chu trinh lam viéc cla
dong co d6t trong.

4. KET LUAN

Bai bdo nay trinh bay thuat todn xac dinh céc ky lam
viéc clia déng co théng qua tin hiéu &p suat duong nap dé
diéu khién thoi diém phun va danh Ira trén déng co phun
x&ng mot xi lanh ¢ nhoé két qua co thé tom tat nhu sau:

- B€ xac dinh dang thoi diém, vai do chinh xac cao thi
diéu kién khi 1dy mau bat thoi diém phai thuc hién khi
dong co dang trong qua trinh khéi dong véi diéu kién
bwédm ga mé trong khoang nho hon 10°.

- Do dong co la 4 ky nén khi 1dy mau goc quay truc
khuyu CA tai thoi diém gia tri ap suat dudo'ng nap thap nhat
can phai thod man diéu kién CA < 200° thi khdng phai dich
goc quay truc khuyu, nguwoc lai phai dich géc quay truc
khuyu di mét vong dé dinh nghia ding ky nap tir 0 dén
180° lam cén ct xac dinh cac ky tiép theo.
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