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CHUYEN POI PONG CO TINH TAI TRUYEN THONG THANH
PONG CO PHUN XANG TREN PUONG NAP

CONVERSION OF A TRADITIONAL GASOLINE STATIONARY
ENGINE INTO A PI ENGINE

Buii Vin Ga, L& Minh Tién, Bui Vin Hung, L& Minh Triét
Truong Pai hoc Bach khoa - Pai hoc Pa Néing; buivanga@ac.udn.vn

Tém tat - Dya trén mo phéng gian dd phun nhién liéu va danh
Itva, hé théng diéu khién dién t&r gdm ECU APITech mé cung voi
bd cam bién cla xe gén may EFI duoc l4p dat d& chuyén dong
co xang truyén théng thanh dong co phun xang. M6 phdng cho
thay & téc do thap, hé sb twong dwong On dinh ngay trong ky nap
nhuwng & téc d6 cao, hé so twong dwong tang nhe va dat gia tri
4n dinh vao cudi ky nén. Céng chi thj chu trinh gidm khi ting téc
d6 dong co va dat gia tri cuc dai tai goc danh ,Il’ya som tdi wu.
Goc danh Itra sém toi wu tang tuyén tinh theo toc d6 dong co &
mot ché do tai cho trwdc tuy nhién (rng véi moét tbe dé cho trwdrc,
goc danh Ira som chi giam nhe theo tai dong co. Cung ché do
tai, khi tang toc do dong co thi géc phun tdng nhwng khong tuyén
tinh. Pong co sau khi cai tao c6 mirc dd 6n dinh téc d6 va kha
nang dap ng tai dwoc cai thién so v&i dong co nguyén thay.

Tir khéa - Bong co' phun xang; Gian dé phun nhién ligu; Gian d6
danh Itra; Hé so twong dwong; Phun nhién liéu vao dwdng nap

1. Giéi thiéu

Phén 16n cac dong co xang tinh tai hay dong co lip
trén cac may moc néng nghiép hién nay déu sir dung cong
nghé cp nhién liéu truyén thong bang phuong phap hut
qua bd ché hoa khi va c¢b dinh goc danh lira sém. Vi thé
khi ché d¢ tai ctia dong co thay ddi thi hidu qua cong tac
clia dong co giam dan dén tang suat tiéu hao nhién liéu va
tang mic do phat thai 6 nhidm méi truong. Viée tim kiém
cac giai phap ky thuat dé nang cao hiéu qua cong tac,
giam tiéu hao nhién liéu va giam phat thai 6 nhiém moi
cho céc loai dong co nay vi thé c6 y nghia rit thiét thuc.

C6 nhiéu giai phap cai thién hiéu qua cong tic cua
dong co da duogc ap dung trén dong co hién dai. T6 chirc
qué trinh chay phén 16p gitip cai thién déng ké chét luong
cong tac ctia dong co [1-6]. Giai phap nay di kém viéc cai
tao budng chay va bd tri voi phun dé dam bao cho khi
danh ltra, khu vuc quanh bu-gi ¢6 thanh phan hdn hop tdi
wu. Sau khi chdy bo phan hén hop nay, do nhiét do ting
cao nén phan hdn hop nghéo con lai c6 thé bdc chay. Mot
sO giai phap to chirc qué trinh chay t6 wu khac da dugc ap
dung trén nhitng dong co thé hé méi. Giai phap HCCI [7-
9] c6 thé dugc xem la ky thuat trung gian gitra dong co
diesel va dong co xang. Hon hop dugc chuan bj truée va
bdc chay tir nhidu diém khac nhau trong buong chdy thay
vi chi motdiém nhu dong co danh lra truyén thong. Tuy
nhién gidi phép nay rat kho kiém soat dwoc thoi diém
danh Ita khi 4p dung trén dong co céd ché do tai thay dbi.
Cong ngh¢ RCCI [10-12] st dung nhién li¢u nhiéu thanh
phin khac nhau cho phép kiém soat dugcphan ung chdy
tir d6 diéu khién duoc qua trinh toa nhiét, nang cao hi¢u
sudt nhiét va giam phatthai 6 nhiém. Nhimng cong nghé
nay doi hoi thay dbi can ban budng chay, phuong phap
cung cdp nhién liéu nén chi c6 thé dugc ap dung trén

Abstract - Based on the simulation of the fuel injection and advance
ignition maps, an electronic control system consisting of an open
ECU APITech along with the sensors of the EFI motorcycle have
been installed to convert the traditional gasoline engine into the port
injection engine. Simulation results show that at low engine speed,
the equivalence ratio reaches stable value during the intake process
but at high speed, the equivalence ratio increases slightly and
reaches stable value at the end of the compression process. The
indicated engine cycle work decreases with an increase of engine
speed and reaches peak value at the optimal advance ignition angle
which decreases slightly with the load regime. At a given load regime,
the advance ignition angle increases almost linearly but the injection
angle non-linearly increases according to the engine speed. The
speed stability and the load-response capacity of the engine are
improved with the retrofitted electronic control system.
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nhitng dong co thiét ké ché tao méi.

Dbi v6i dong co théng thudong 1p trén phuong tién giao
théng co gidi, cong nghé phun xang diéu khién dién tir cing
v6i kiém soat thoi diém danh lira t6i vu da tao nén mot bude
phét trién dai so v6i cong nghé cung cdp xing qua bd ché
hoa khi va danh Itra truyén thong. Cong nghé nay da cho
phép kiém soat duoc hé sb twong duong cua hdn hop khi
dong co hoat dong & cac ché do tai khac nhau. Nho do nguoi
ta ¢6 thé bd tri bd xUc tac 3 chirc nang trén duong thai dé xur
1y triét dé cac chat 6 nhidm. Céac dong co nay co thé dat dugc
tiéu chudn EURO 4 hay cao hon nho cai dit hop 1y gian do
phun nhién liéu va gian d6 danh lira [13-15].

DPbi véi dong co tinh tai danh ltra cudng buc do ché do
cong tac it thay d6i nén viéc nghién ciru ap dung cac cong
nghé t6 chirc qua trinh chdy hién dai nhu HCCI hay RCCI
thyc sy khong can thiét. Tuy nhién viéc céi tao, nang cip
hé thong cung cap nhién lidu va danh lira cua cac dong co
nay sé€ mang lai lgi ich rat thiét thuc dé nang cao do tin cay
va hiéu qua st dung nhién liéu cling nhu giam phat thai 6
nhiém moéi truong. Bude chuyen dm cong ngh¢ nay cling
tuong tu nhu chuyén dm thé hé xe gin may ci sir dung bd
ché hoa khi sang xe gin may thé hé méi phun nhién lidu.

Trong cong trinh nay chung t6i s€ tap trung nghién
cru mo phong gian dd phun nhién liéu va gian do danh
Itra. Trén co s& d6 chung toi tién hanh cai tao mot dong
co tinh tai chay xdng truyén théng kéo méay phat dién
thanh dong co phun xing diéu khién dién tir nhor cac thiét
bi twong thich da dugc thuong mai hoa rong rai.

2. Nghién citu mo phong
2.1. Thiét lip mé hinh
M6 phong dugce thuc hién trén dong co 168FB kéo
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may phat dién SAMDI S3600B-1. Bong ¢6 nay c6 tinh
nang tuong duong ddng co Honda GX200. Thong so k¥
thuét cua dong co cho trén Bang 1.

Bing 1. Théng 56 ky thudt ciia dong co 168FB

<

K|  Mat do hat (kg/m?3)

Nbng d6 hoi xing (%)

Loai dong co 4 ky, 1 xilanh

Cong suét cyc dai 4,8 KW/3600 vong/phat
Monen cuc dai 12,4 N.m/2500 vong/phut
Dung tich xi lanh 196 cm?®

Puong kinh x hanh trinh piston |68 X 54 mm

Goéc danh Ira sém 20°

Ty s6 nén 85:1

Pong co nguyén thily dugc cung cip xing qua bo ché
hoa khi, goc danh lira sém ¢ dinh. Trong nghién ciru nay
chung t6i cai tao hé thong cung cép nhién liéu va danh lia
cua dong co sang diéu khién dién ttr. BO ché hoa khi duoc
thay thé bang hé thong phun xing. Géc danh lira sém cua
dong co dugc thay ddi theo ché do cong tac. Hoat dong
clia dong co duge diéu khién boi ECU véi cac thong sb
do cac cam bién cung cap.

Khéng gian tinh toan bao gdm dudng nap, budng chay
va xi lanh dong co. Ludi dong (Dynamic Mesh) duoc ap
dung cho khong gian xi lanh ddng co. Cac vung con lai
ctia khong gian tinh toan dugc giir ludi ¢b dinh. Khi bat
dau ky nén, khong gian dudng nap dugc tach roi
(Deactive) dé giam thoi gian tinh toan.

Mo phong duoc thuc hién tir ddu qua trinh nap dén
cubi qua trinh dan nd. Hién tuong rdi cia dong khi duoc
md ta qua mo hinh k-g. Qua trinh phun xing va boc hoi
hat nhién li¢u l6ng dugc biéu dién thong qua mé hinh
Break up nhu da dugc mo ta trong cac cong trinh da cong
bd trude day [16-17]. Hé sé twong duong dugc xac 1ap
cuc bo trong budng chay trong qué trinh trao d6i chat gitra
khdng khi va hoi nhién li¢u [18-19]. Tinh toan thong so
nhiét dong hoc ctia hdn hop va qua trinh chdy dugc sir
dung md hinh Partially Premixed [20].

2.2. M6 phéng gidn dé phun nhién ligu

Diéu kién 1y twong l1a giir hé s6 twong duong ciia hon
hop & gia tri chay hoan toan 1y thuyét & bat ky ché do
cong tac nao cua dong co. Vi thé lugng nhién liéu phun ra
khoi voi phun phai ti 1€ v6i lugng khong khi nap vao xi
lanh dong co. Luong khong khi nay phy thugc vao cac
thong sb chinh 12 @6 mé buém ga, téc d6 dong co, ap suit
va nhi¢t do khi nap. Trong dleu ki¢n dong co khong tang
&p, chung ta c6 thé xem ap suit va nhiét d6 khi nap 6n
dinh. Do d6 lugng nhién liéu cung cép cho mdi chu trinh
phu thudc vao toe do dong co va do md budm ga.

Trong md phong nay chung t6i sir dung voi phun xang
gém 6 16 phun duong kinh 0,Imm. Lwu lugng xing phun
ra mdi 16 phun 1a 2mg/s. Sau khi thodt ra khéi voi phun, hat
nhién liéu boc hoi nhanh chéng va hoa tron voi khong khi
di vao xi lanh. Hinh 1 giéi thiéu bién thién mat do hat nhién
liéu va ndng do6 hoi xang tai vi tri 45°TK va 65°TK (°TK Ia
do tinh theo goc quay truc khuyu). Nhién lidu bt diu phun
& 40°TK va két thic & 70°TK. Ching ta thdy mot bd phan
hat nhién liéu chua kip bdc hoi bi dong khi nap kéo vao xi
lanh va tiép tuc bdc hoi cho dén cubi ky nén.

Hinh 1. Duong déng marc mdt do hat nhién liéu long va mfng do
xdng (n=3600 vong/phit, 100% tdi, bat dau phun 40°TK)
Hinh 2a va Hinh 2b so sanh bién thién mét do hat nhién
liéu va téc d6 bde hoi hat nhién lidu long trong xi lanh theo
goc quay truc khuyu dong co. O toc do thap, do thoi gian nap
kéo dai nén hat nhién liéu hau nhu bdc hoi hoan toan trong
ky nap lam cho hé sb tuong duong dat gia tri 6n dinh sém.
Khi ting téc d6 dong co, thoi gian ky nap giam, thoi gian
bée hoi hat nhién liéu long kéo dai. Pén cudi qua trinh nén,
khi nhiét &6 hdn hop ting, bo phan hat nhién li¢u cudi cling
bbc hoi hoan toan. Pudng cong hé s6 twong dwong ting nhe
cudi qué trinh nénkhi dong co chay & toc do cao (Hinh 2c).
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Hinh 2. Bién thién mdt d¢ hat (a), toc dp boc hoi nhién ligu
(b)long va hé so twong dwong (C)theo géc quay truc khuyu
Khi tbc d6 dong co tang thi goc phun ciing ting dé
dam bao cing mét lugng nhién liéu cho trudc cung cap
vao dong co. Tuy nhién goc phun khong ti 1& véi toc do
dong co vi khi tdc dd dong co tang thi hé $6 nap gidm lam
luong khong khi nap vao xi lanh gidm. Do d6 véi cung do
mé budém ga, lugng nhién liéu cung cép cho chu trinh khi
dong co chay ¢ téc d6 cao nho hon lugng nhién liéu cung
cép cho chu trinh khi dong co chay & toc do thap. Véi voi
phun 6 15 st dung trong tinh toan nay thi thoi gian phun &
tbc do dong co 2000, 2400, 2800, 3200 va 3600
vong/phut theo tha tu 1a 17, 20, 23, 27 va 30ms.
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Khi giam tai dong co (budém ga dong nho) thi 4p sudt trong
xi lanh giam, nghia 1a luong khong khi nap vao xi lanh giam
(Hinh 3). Do d6 huong nhién liéu cung cép cho mdi chu trinh
cling giam theo tai dong co tmg véi tdc do dong co cho trudc.
Ap suat ctia hon hop tai thoi diém 330°TK trude khi danh lira
theo tinh toan lan luot 1a 1, 1,8, 3,5, 5, 6,5 va 8,5 bar tuong
ung voi tai dong co 1a 10, 20, 40, 60, 80 va 100%. Nhu vay
cling tde d6 dong co cho trude khi tai dong co thay dbi thi thoi
gian phun ciing thay d6i theo ti 1 v6i ap suét trén day.

Trong mo6 phong nay, buém ga quay tr 0°(budém ga
mo hoan toan) dén 60° (buém ga dong kin). Khi buém ga
dong dan tir 0° dén khoang 30°, tai dong co hiu nhu
khong thay d6i nhiéu. Sau d6, khi buém ga tiép tuc dong
thi tai thay d6i manh. Hinh 4 gi6i thi¢u két qua mé phong
gian d6 phun nhién liéu dua vao tinh toan thoi gian phun
theo téc do dong co va ché do tai da mo ta trén day.
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Hinh 3. Anh hudng ciia ché dg tdi dén bién thién dp sudt
trong xi lanh (n=3000 vong/phat)

Hinh 4. Gidn dé phun nhién li¢u

2.3. Mé phéng giin dé dinh lira

Hinh 5a gi6i thi¢u anh hudng cia goc danh lira som dén
do6 thi cong cua dong co véi toc do 3600 vong/phut & ché
d6 toan tai. Chung ta thay khi tang goc danh Itra sém thi ap
suat cyc dai trong xi lanh tang va diém cyc dai ap suat tién
dan vé DCT. Do ép suat bat dau tang sém nén danh lua
som lam tang phan cong am trudc DCT, cong chi thi chu
trinh vi thé khong ti 1€ thudn véi ap suat cuc dai.
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Hinh 5. Anh huong ciia gbc danh hia sém dén bién thién dp
suat trong xi lanh: dong co chay toan tdi (a); chay 60% tai (b)

Hinh 5b gi6i thiéu anh huong goc danh lira sém dén
bién thién ap sudt trong xi lanh khi dong co chay & toc do
3000 vong/phiit, 60% tai. So véi Hinh 5a ching ta thiy ap
sudt cyc dai trong xi lanh giam manh khi giam d6 mo
buém ga. Twong ty nhu trén, danh lira mudén din dén
giam 4p suét cyc dai va dinh ap suat dich ra xa DCT.

Hinh 6a va Hinh 6b biéu dién bién thién cong chi thi
chu trinh (W) theo goc danh ltra sém (ps) khi dong co
chay & céac tbc do khac nhau & ché do 100% tai va 60%
tai. Chiing ta thay rd rang & mot ché do tai va ché do toc
d6 cho trude, duong cong Wi(ps) c6 mot diém cyc dai
tuong ung voi goc danh lira sém tdi wu. Trén thyc té khi
toc do dong co tang 1én thi thoi gian danh cho qua trinh
chay giam xudng nén goéc danh lira som phai tang lén dé
dam bao hon hop chdy hoan toan. Hinh 6a, Hinh 6b cho
thdy goc danh lira sém t6i wu giam khi giam toc do dong
co. O mot tde do dong co cho trude, khi dong nhé budm
ga thi goc danh lira sém tdi wu ting nhe. Goc danh lira
s6m tbi wu phu thudc vao tbe do chdy co ban cua hon
hop. Toc d chay co ban ting theo nhiét d6 nhung giam
khi ting 4p suat chay. Khi giam tai thi 4p suat va nhiét do
déu giam. Tac dong cuia nhiét d6 16n hon tac dong cia ap
sudt dén téc do chay co ban nén gia tri cia nd giam nhe
dan dén goc danh ltra sém t6i wu ting nhe khi giam tai.
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Hinh 6. Bién thién cong chi thi chu trinh theo géc danh lira sém
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Hinh 7. Gidn d@s danh lira dong co 168FB sau khi cdi tao

Céc Hinh 6a, Hinh 6b ciing cho thiy goc danh ltra sém
t6i wu thay ddi gan nhu tuyén tinh theo téc do dong co.
Hinh 7 gi6i thiéu gian d6 danh lira ciia dong co dwa trén
két qua tinh toan md phong qua trinh chay trén day. Goc
danh lira sém tdi wu c6 thé biéu didn bang miat phing
trong toa do (¢s, n, L). Mat phéng gbc danh ltra sém tbi
wu ddc nhe theo truc tai L nhung ddc manh theo truc tbe
do n. Mébi quan hé ¢s, n, L cho phép chung ta cai dat vao
b6 nhé ciia ECU dé diéu khién qua trinh danh lira dong co
sau khi chuyén doi.

1000
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3. Lap dat hé thong diéu khién dién tir cho dong co

Trén co s6 gian d6 phun va gian do danh lira d trinh bay ¢
phan nghién ctru md phong trén day, chiing t6i thuc hién viée
lap dat hé théng dién tir dé cai tao dong co Samdi 168FB.
Cong suét clia dong co 1a 6,5HP, tuong duong xe gin may nén
ching ta c6 thé chon hé thong EFI duoc ldp trén cac loai xe
gan mdy phun xang dién tr dé lap trén dong co cdi tao. Pé
diéu khién voi phun va hé théng danh lira phtt hop véi dong co
cai tao, chiing t6i str dung ECU APITech 9.0. Py la ECU mo,
cho phép ching ta nap gian dd diéu khién voi phun va gian do
diéu khién h¢ thong danh lira theo thiét ké.

BAULOC GIO

CAM BIEN TP

VIT GIO CAM CHUNG CAM BIEN IAT
]
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KIM PHUN BOM XANG

VANTUCAM
CHUNG NHANH
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Hinh 8. So do ldp ddt hé thong diéu khién
phun xang va danh lita dong co 168FB

Céc cam bién cung cap dir liéu diéu khién cho ECU
gdm cam bién téc d6 va DCT, cam bién nhiét do, cam
bién vi tri buém ga, cam bién luu lwong khi nap, cam bién
oxygen duoc sir dung 13 bo cam bién cua xe gin may EFL
Céc cam bién nay cung cip cac thong sé gdm: vi tri DCT,
téc d6 dong co, ché do tai, luu lwong khi nap ¢é ECU tinh
toan thoi gian md voi phun va thoi diém bat tia lta dién.
Bén canh do, cam bién oxygen guri tin hi€u phan hoi vé hé
s6 du luong khong khi dé ECU diéu chinh lugng nhién
liéu phun phti hop, dam bao hé s6 twong duong ludn luén
xép xi 1. So dd mach dién két ndi tin hiéu cua cac cam
bién va tin hiéu diéu khién voi phun, diéu khién danh lira
ctia dong co sau khi cai tao nhu Hinh 9.
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Hinh 9. So @6 mach dién diéu khién hé théng
phun xang va danh lira cua déng co 168FB sau khi cdi tao
Vi tri lép dat cac cam bién trén dong co 168FB nhu
cac Hinh 10a, b, ¢, d. Mot vong tao xung dugc gia cong
lip dit trén banh da cia dong co dé xac dinh toc do va
DCT. Mot b ga dat dugc ché tao dé lép cum budm ga-

voi phun vao duong nap dong co thay cho bo ché hoa khi.
Cén diéu khién cua bd didu toc dugc két ndi véi tay quay
diéu khién buém ga. Nho d6 toe do dong co duge giir on
dinh khi thay di tai bén ngoai.

- © )
Hinh 10. Lép dt cam bién téc dj va PCT (a), cam bién nhiét
do (b), cam bién oxygen (c) va voi phun lén dong co 168FB

Hinh 11. Bgng co 168FB sau khi lap dit
hé thong diéu khién dién tir

Sau khi lip dit xong toan bo hé théng cam bién va diéu
khién, chung ta tién hanh cai dit cac thong sb cho ECU
theo tinh todn mo phong trén day. ECU APITech hd trg
gian dd v6i do phéan giai 30 vi tri buém ga va25 toc do
dong co. Trude khi cho dong co hoat dong, ta can phai thiét
lap céc thong s ban dau cho ECU gom: cai dat dién ap
cam bién vi tri buém ga (0,55-0,45 V); cai dit téc do hoat
dong t6i da ciia dong co (4000 v/ph); cai dat gian do goc
danh lira (gia tri goc danh lira sém trén ban do tinh theo
d0); cai dat thoi gian phun xéng (gia tri thoi gian phun xédng
trén ban dd bang thoi gian phun thyc nhan 10, don vi tinh
bang ms). Ngoai ra chung ta c6 thé cai dat thém cac thong
tin phu nhu gia toc, khoi dong, han ché nhiét do... Khi dong
co hoat dong, cac thong so tir cac cam bién s& dugc hién thi
trén phan mém theo ddi. Trong qua trinh hoat dong cua
dong co ching ta theo doi va d1eu chinh cac thong sO dé
dam bao cho dong co hoat dong tbi ru nhu mong mudn.

bong co 168FB sau khi cdi tao dugc gidi thi¢u trén
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Hinh 11. Pong co duge thir nghiém khi thay ddi tai dién
clia may phat. Két qua cho thay, véi hé thong phun xang
va danh ltra didu khién dién tir dong co gia téc nhanh, co
d6 6n dinh tc do va kha nang dap tng tai t6t hon dong co
nguyén thiy. Cong suat cuc dai ctia dong co tuong duong
véi mirc cong suét cuc dai nhu trude khi cai tao. Viée do
dac chi tiét cac thong s6 ky thuat va mic do phat thai 6
nhiém ciia dong co sau khi cai tao s& duoc cong bd trong
nhitng cong trinh tiép theo.

4. Két ludn

Két qua nghién ctru trén day cho phép ching ta rut ra
dugc nhitng két ludn sau:

- Khi tdc do dong co ting, qué trinh bdc hoi kéo dai lam
cho h¢ s6 tuong duong tang nhe theo goc quay tryc khuyu va
da} gia trirén dinh vao cuoi ky nén; khi dong co chay ¢ toc do
thap, hé so twong duwong dat gia tri 6n dinh ngay trong ky nap.

- Cong chi thi chu trinh giam khi tang tbc do dong co.
Ung v6i mot toc dd cho trudce, cong chi thi chu trinh bién
thién theo gbc Eiénh Itra sém va dat gia tri cuc dai tai goc
danh Itra sém t6i1 uu.

- Cung ché d¢ tai, khi tang toc do dong co thi goc
phun tang nhung khong tuyén tinh. Cung téc d6 dong co,
goc phun giam khi giam d6 mé budm ga; toc d6 giam goc
phun tang nhanh trong viing buém ga dong nho.

- Goc danh lua s6m t6i uu ting gan nhu tuyén tinh
theo toc do dr(f)ng co 6 mdt ché do tai cho trude. Ung voi
mot ché d toc dd cho trude, goc danh lra sém giam nhe
khi tang tai dong co.

-Co thé s dung ECU APITech mé cung véi by cam
bién va h¢ thong phun nhién li€u cua xe gan may EFI dé
cai tao dong co xdng truyen thong thanh dong co phun
xang dieu khién dién ta.

- Vi h¢ thong diéu khién dién tir qué trinh phun va
danh ltra, kha ndng dap ung tai va mirc d6 on dinh toc do
cua dong co tot hon dong co nguyén thuy.

Loi cam on: Cac tac gia xin cdm on B Gido duc va Pao
tao dd hd trg cho nghién ciru nay thong qua dé tai
“Nghién ctru tinh ning kinh té ky thuat va mic do phat
thai 6 nhiém cua dong co ¢ nho sir dung hdn hgp nhién
lidu biogas-hydrogen*, mi s6: CTB2018-DNA.01.
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