P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn SCIENCE - TECHNOLOGY

CAI TAO DONG €O XANG GX390 THANH DONG €O
SU DUNG SYNGAS-BIOGAS-HYDROGEN V61 BO DIEU KHIEN
ECU-MASTER/ECU-SLAVE
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TOM TAT

Ma hinh diéu khién qua trinh cung cap nhién liéu cho ddng co ki€u ECU-Master/ECU-Slave, trong d6 1 ECU dugc thiét 1ap véi nhién liéu g6c va ECU con lai
diéu chinh thi gian phun theo thanh phan nhién liéu, phti hgp véi dong co lam viéc véi hon hgp nhién lidu linh hoat. Mo phdng hoat dong ctia ECU-Master/ECU-
Slave bang phan mém Proteus va lap trinh vi diéu khién véi su hé trg ca Al gidp don gian héa qua trinh nghién ciiu hé théng diéu khién dong co trudc khi ché
tao. Ddng co xdng tinh tai Honda GX390 ¢4 thé dugc cdi tao thanh ddng co st dung nhién liéu khi linh hoat syngas-biogas-hydrogen véi bd cdm bién cla xe gan
mady phun xang diéu khién dién tt, bo voi phun cap doi va bo ECU-Master/ECU-Slave. Khi chuyén Honda GX390 sang chay bang hdn hgp 30% syngas-40% biogas-
30% hydrogen, cong suat dong co gidm 20,2% so vdi khi chay bang xang.

Tir khoa: Nhién ligu tdi tao, Syngas, Biogas, Hydrogen, voi phun kép.

ABSTRACT

A control model for the fuel supply process using an ECU-Master/ECU-Slave architecture is proposed. In this model, one ECU is configured with a base fuel
map, while the other adjusts the injection duration based on the fuel composition, making it suitable for engines operating with flexible fuel mixtures. The
operation of the ECU-Master/ECU-Slave system is simulated using Proteus software, and microcontroller programming supported by Al simplifies the research
process for the engine control system before fabrication. A stationary Honda GX390 gasoline engine can be retrofitted to run on a flexible gaseous fuel mixture
of syngas-biogas-hydrogen by utilizing twining injector system, and the ECU-Master/ECU-Slave control model. When the Honda GX390 is converted to operate
on a 30% syngas-40% biogas-30% hydrogen blend, the engine power decreases by 20.2% compared to its performance when running on gasoline.

Keywords: Renewable fuels; Syngas; Biogas; Hydrogen; twining injectors.
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1. GIGI THIEU
Khi téng hgp (Syngas) va Biogas la hai loai nhién liéu

1-5% CH,, 10 - 15% CO, va phan con lai cht yéu la N, [2].
Khi oxy hoac hai nuéc dugc sir dung lam chat oxy hoa

sinh hoc c6 ngudn géc tur sinh khoi théng qua cac qua
trinh nhiét héa hoc va sinh hoéa [1]. Thanh phan thé tich
dién hinh cta syngas bao gém 15 - 20% H,, 15 - 20% CO,
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trong 10 khi hoa, gia tri nhiét thap (LHV) clia syngas dao
dong tir 10 dén 28MJ/Nm?. Tuy nhién, néu st dung khéng
khi lam chéat oxy héa, LHV giam xuéng con khoang
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4 - 7MJ/Nm? [3]. Do LHV thdp, dong cd chay bang syngas
thudng cé cong suat dau ra thap hon so vai nhién liéu
truyén théng. Tuy nhién, ty 1é khéng khi/nhién liéu (A/F)
cho qua trinh d6t chay clia syngas xap xi 1,2, thap hon
nhiéu so véi xang (A/F=14,9) hodc dau diesel (A/F = 14,5)
[4-6], dan dén gidam cong suat khéng ty 1é thuan vai LHV.
Théng thudng, viéc chuyén tir dau diesel sang st dung
nhién liéu syngas dan dén giam cong suat 15 - 20% va 30
- 40% so vGi dong co chay bang xang [7, 8]. Néu LHV cla
syngas qua thap, qua trinh dét chay khéng 6n dinh c6 thé
xay ra [9], lam gidm hiéu suét ctia déng co. Do d6, dé€ dong
co danh Ira bang bugi (SI) hoat dong hiéu qua, LHV cua
syngas phai vugt qua 4,2MJ/Nm? [10].

So véi syngas, biogas can nang lugng danh Ia cao
hon, c6 thé dan dén danh Ia sai va chay khong hoan toan
trong mot s6 diéu kién nhat dinh, do do6 lam giam hiéu
suat dong co va tang lugng khi thai gay 6 nhiém [11].
Thanh phan dién hinh clia biogas bao gém 50 - 75% CH,,
25 - 45% CO,, 0 - 10% Ny, 1 - 2% H, va 0 - 2% O,, véi LHV
khoang 25MJ/Nm?[12]. Trong khi CO, va N, lam giam gia
tri nhiét lugng, nhung ching lam tang kha nang chéng
kich nd va gidam nhiét do chay, gop phan gidm su hinh
thanh NO, [13].

Hydrogen la nhién liéu khéong chia carbon, cé dac
diém la pham vi dé chay rong va téc dé ngon Itia cao [14].
Nh{ng dac tinh nay cho phép déng co chay bang hydro
dat dugc ap suat va nhiét do trong xi lanh cao trong khi
khéng thai ra CO,, CO hoac hydrocarbon. Tuy nhién,
hydro cling dat ra nhiing thach thic nhu mat d6 nang
lugng thé tich thap, lam gidm céng suat dau ra ctia dong
ca va nhiét do chdy cao lam tang lugng khi thai NO,. Hon
nita, nang lugng danh Ira thap va pham vi chay réng
khién n6 dé xay ra cac hién tugng chay bat thuong nhu
chay sém va chdy ngugc.

Nhiing théng tin trén cho thdy syngas, biogas va
hydrogen déu c6 nhiing uu diém va han ché riéng. Viéc
st dung chuang riéng [é lam nhién liéu cho ddng co sé gdp
mot s6 thach thic vé mat ky thuat. Tuy nhién, pha tron
cac loai nhién liéu nay thich hgp, c6 thé khai thac dugc
thé manh cudia ting loai, qua do cai thién hiéu suat cla
dong co. Mdc du da cé nhiéu nghién ctu dugc cong bo
vé syngas, biogas, hydrogen hodc syngas/biogas lam
giau véi CH, hodc H,, nhung rat it nghién cdru vé déng co
st dung hdn hgp syngas-biogas-hydrogen c6 thanh phan
thay d6i trong pham vi réng. Hon niia, cac nghién ctu hé
théng cung cap nhién liéu hién c6 chd yéu tap trung cung
cap nhién liéu khi cé thanh phan cé dinh. Vi syngas,
biogas, hydrogen c6 dac tinh chay rat khac biét nén cac
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ki€u cung cdp nhién liéu truyén thédng cho déng co
khong phu hop [15]. Trong cac tai liéu nghién ctu gan
day, GS. Bui Van Ga va cong su da dé xuat giai phap cung
cap hoén hgp nhién liéu syngas-biogas-hydrogen cho
ddng co qua bé voi phun kép (Twining injectors) [16]. Gidi
phap cung cap nhién liéu nay da dugc chiing minh bang
mo phong c6 nhiéu uu diém vugt trdi so vdi cac phuang
phap cung cap nhién liéu truyén théng [17-19]

Céc cong trinh nghién cdu diéu khién phun nhién liéu
linh hoat va voi phun kép trong cac nghién ciu truéc day
tai Viét Nam, tuy nhién chi dung & mé phéng hoac s
dung tin hiéu tir cdm bién truc khuyu dé thay déi thdi gian
phun nhién liéu khi khé khan xt ly nhiéu tin hiéu diéu
khién va dap (mng trong thai gian thuc. Trong nghién ctu
nay, ching to6i phat trién hé théng diéu khién qua trinh
cung cap nhién liéu cho déng co st dung hén hagp
syngas-biogas-hydrogen cé thanh phan thay déi linh
hoat. Hé théng diéu khién nghién ctru theo mé hinh ECU-
Master/ECU Slave, thiét lap st dung bd cam bién céng
nghiép va ECU, d6 chinh xac cao, gidm nhiéu trén thoi
gian thuc |3p trén xe gédn may dé cai tao trén doéng co
GX390, day la ECU-Master v6i map diéu khién phun va
g6c danh Itia chudn dugc thiét 1ap t6i uu sén, ECU-Slave
nhan tin hiéu t ECU-Master va su thay d6i thanh phan
nhién liéu dé diéu khién mé& réng & ché do voi phun kép
phu hgp su thay d6i ctia nhién liéu linh hoat.

2. PHUONG PHAP NGHIEN CUU
2.1. Nghién cttu mé phéng

Nghién ctu dugc thuc hién bang mé phong va thuc
nghiém. M6 phong dugc thuc hién bang phan mém
Proteus véi vi diéu khién Arduino Mega. Nguyén téc diéu
khién dua trén so d6 ECU-Master/ECU-Slave. ECU-Master
phat tin hiéu diéu khién danh Ia va phun nhién liéu
chuén. ECU-Slave nhan tin hiéu cla ECU-Master va cac
thong s6 dau vao nhién liéu, ché dé cong tac ctia dong co
dé tinh toan, diéu chinh thai diém danh Ira va thai gian
phun. ECU-Master cé thé 1a ECU c6 san trén cac loai dong
cG phun xdng diéu khién dién ti hay ECU dugc thiét ké
chuyén biét cho mét loai nhién liéu chuan.

Hinh 1a trinh bay sc dé hé théng diéu khién dong co
truyén théng, trong dé ECU-Master dugc cau hinh cho
mot loai nhién liéu cé dinh. Trong cau trdc nay, ECU-
Master thu nhan cac tin hiéu ti cac cdm bién phan anh
ché& d6 lam viéc cta déng co (tai va téc do), trang thai
nhiét (nhiét d nudc lam mat), vi tri géc quay truc khuyu,
cling nhu hé sé tuong duong tir cdm bién lambda. Duya
trén cac tin hiéu dau vao nay, ECU phat Iénh diéu khién
thai diém danh Ira va thai gian phun nhién liéu.
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Hinh 1. So d6 hé thong diéu khién dong co véi ECU-Master (a) va hé théng
diéu khién dong co véi ECU-Master/ECU-Slave (b)

Hinh 1b m6 ta hé théng diéu khién theo ciu tric ECU-
Master/ECU-Slave ap dung cho dong ca st dung nhién
liéu linh hoat. Trong cdu trdc nay, ECU-Slave tiép nhan ca
tin hiéu dau ra cta ECU-Master va thong tin vé thanh
phan hén hgp nhién liéu, tir d6 tinh toan va hiéu chinh
thai diém danh It va lugng phun phu hop. Déi véi dong
co van hanh bang hén hgp nhién liéu khi linh hoat c6
thanh phan bién thién trong pham vi réng, hé théng phai
st dung cdu hinh voi phun kép; khi d6 ECU-Slave thuc
hién diéu khién dong thai hai voi phun theo thuat toan
dinh sén.

ECU-Master c6 thé la ECU g6c clia ddng ca phun xdng
diéu khién dién t hodc mét ECU van nang dugc hiéu
chinh theo ban dé nhién liéu (engine MAP) clia mét loai
nhién liéu chudn. Trong nghién clu nay, ching toi s
dung phuong an thi hai, tic ECU-Master dugc chudn hoa
t mot ECU van nang. ECU-Slave dugc thiét ké va ché tao
ma&i nham dap Ung yéu cau diéu khién véi hén hop nhién
liéu syngas-biogas-hydrogen c6 thanh phan bién thién
trong dai rong.
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2.2. Nghién cttu thuc nghiém

Hinh 2 trinh bay cdu hinh thi nghiém ctia dong co
GX390 sau khi dugc céi tao dé van hanh bang hén hop
nhién liéu syngas-biogas-hydrogen. Hén hgp nhién liéu
dugc chia trong binh ap suat 15bar, sau d6 dugc giam ap
xuéng 3 bar truéc khi cap vao dong co thong qua hé
théng voi phun kép dugc diéu khién bsi bd ECU-
Master/ECU-Slave. Tai clia dong co dugc tao bdi cum
béng dén soi dét.

Syngas goém cac thanh phan CO, CH,, H,, CO, va N,,
trong khi biogas cht yéu chita CH, va CO,. Do d6, hon hgp
syngas-biogas-hydrogen st dung trong nghién ctu bao
gém céc khi CO, CH,, H,, CO, va N,. Dua trén thanh phan
céac loai nhién liéu don 1&, thanh phan hén hgp c6 thé
dugc tinh toan dua trén dinh luat Dalton vé ap suat riéng
phan, cho phép pha ché nhién liéu theo ty Ié mong muén.
Trong cac thi nghiém dugc trinh bay dudi day, hon hop
nhién liéu dugc thiét 1ap theo ty 1& 30% syngas, 30%
hydrogen va 40% biogas.

/i i )

B

Hinh 2. S d6 bd tri hé thong thi nghiém dong co GX390 céi tao ding hon
hgp nhién liéu khi

3. KET QUA VA BINH LUAN

3.1.Lap trinh vi diéu khién ECU-Slave vGi suhé trg ctia
Al

Trong phan nay chung t6i sir dung tri tué nhan tao (Al)
dé lap trinh vi diéu khién. Vi diéu khién sir dung trong
ECU-Slave la Arduino Mega. Véi su hd trg clia Al, chiing ta
khong can phai viét cac dong Iénh ma chi can néu nguyén
ly, diéu khién, cdu hinh phan cling cGa hé théng. Al sé viét
toan bd chuong trinh dé cai dat vao ECU. Trong qua trinh
chay tha, néu xay ra 16i hay két qua chua hop ly thi ching
ta c6 thé yéu cau Al chinh stia chuang trinh. Dudi day la
yéu cau dé Al viét chuong trinh diéu khién ECU-Master:

“I would like to implement a project in Proteus to
simulate a Slave ECU for ignition and injection of a
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4-stroke spark ignition engine fuled with renewable fuels
converted from gasoline engine.

Please write the arduino code to implement the
project according to the following specifications.
Principle of Operation:

e Master ECU initially is used for gasoline fueling
mode; Slave ECU is designed for renewable fuels fueling
mode.

e The Slave ECU takes the original control pulses (for
gasoline) of the Master ECU, modifies the pulses
specifications and generates news control pulses (for
renewable fuels).

e Ignition delay, injection pulse width vary with
renewable fuels compositions.

o Slave ECU receives Top Dead Center (TDC) pulse,
Ignition (IGN) pulse and Injection (INJ) pulse from Master
ECU.

e Slave ECU calculates Ignition delay, injection pulse
width for each injectors of current engine cycle (of
renewable fuels) based on input pulses of previous
engine cycle (of gasoline).

o Slave ECU generates the pulses: IGN_out, INJ1_out,
INJ2_out to control engine fueled with renewable fuels.

Hardware Requirements:

e Arduino Mega (referred to as MC).

o LCD 20x4 with 12C interface (address 0x3F).

e Serial Monitor set at 115200 baud rate.

e Potentiometer1 connected to PIN A0 of MC,
providing Bio_Flow values ranging from 0 to 100.

e Potentiometer2 connected to PIN A1 of MC,
providing Hydro_Flow values ranging from 0 to 100.

e Potentiometer3 connected to PIN A2 of MC,
providing Syn_Flow values ranging from 0 to 100

Project Implementation Steps:

Read input pulses:

- TDC_in pulse INPUT at PIN SD2, RISING at t1.

- IGN_in pulse INPUT at PIN SD3, RISING at t2.

- INJ_in pulse INPUT at PIN SD4, RISING at t3.

Determine  pulse  width  of INJ

INJ_PulseWidth_ref
Determine IGN pulse timing: IGN_timing_ref=t2-t1.

pulse:

Determine INJ pulse timing: INJ_timing=t3-t1.
Read Bio_Flow at AO.

Read Hydro_Flow at A1.

Read Syn_Flow at A2.
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Calculate:
Bio_Conc= Bio_Flow/(
Syn_Flow)*100.
Hydro_Conc= Hydro_Flow/( Bio_Flow+ Hydro_Flow+
Syn_Flow)*100.
Syn_Conc=100-(Bio_Conc+Hydro_Conc).
INJ1_PulseWidth=
INJ_PulseWidth_ref+10*Syn_Conc.
INJ2_PulseWidth=
INJ_PulseWidth_ref+5*Hydro_Conc.+3*Bio_Conc.
IGN_delay= IGN_timing_ref-5*Syn_Conc-
2*Bio_Conc+4*Hydro_Conc.

Bio_Flow+ Hydro_Flow+

Pulses generation:

- TDC_out pulse:

Timing_ref is RISING moment of TDC_in pulse (us)

OUTPUT at D10.

RISING at Timing_ref,

Pulse width of TDC_out: TDC_PulseWidth=200 us.

- IGN_out pulse:

OUTPUT at D11.

RISING at Timing_ref+IGN_delay.

Pulse width of IGN_out: IGN_PulseWidth=250 us.

-INJ1_out pulse

OUTPUT at D12.

RISING at Timing_ref+100 us.

Pulse width of INJ1_out: INJ1_PulseWidth.

-INJ2_out pulse

OUTPUT at D13.

RISING at Timing_ref+200 us.

Pulse width of INJ2_out: INJ2_PulseWidth.”
3.2. Két qua mé phéng thi chuong trinh trong
Proteus

Hé théng diéu khién ECU-Master/ECU-Slave dugc
kiém tra bang mé phoéng trén phan mém Proteus trudc
khi tién hanh ché tao thuc té. Hinh 3a trinh bay sa d6 mo
phéng clia hé théng trong Proteus. ECU-Master tiép nhan
tin hiéu téc do déng cao va tai (suy ra tu dién ap va dong
dién) dé xac dinh thai gian phun nhién liéu chuén va thoi
diém déanh Itia tuong (ng. Cac tin hiéu dau ra nay duoc
truyén téi ECU-Slave cling véi thong tin vé thanh phan
hén hop syngas, biogas va hydrogen. Dua trén cac dirliéu
vao, ECU-Slave tao xung diéu khién thgi gian mé cla hai
vOi phun trong hé thong voi phun kép, déng thai phat
[énh danh Ia.
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Hinh 4. Minh hoa két qua phdi hgp hoat ddng clia ECU-Master va ECU-
Slave

Hinh 4 minh hoa mot két qua mé phéng tiéu biéu ctia
hé théng ECU-Master/ECU-Slave trong Proteus khi dong
co van hanh & t6c d6 3000 vong/phut véi hén hop nhién
liéu gdém 30% syngas, 30% hydrogen va 40% biogas. ECU-
Master tao cac tin hiéu diém chét trén (BCT), xung danh
Ifa va xung phun nhién liéu chuan; trong khi dé ECU-
Slave diéu chinh thai diém danh Ira, déng thdi sinh hai
xung diéu khién riéng cho voi phun thi nhat va voi phun
thu hai theo thanh phan nhién liéu cung cap. Khi thay déi
diéu kién van hanh ctia dong co hoac ty 1& phéi tron nhién
liéu, cac xung diéu khién danh Ira va phun nhién liéu
dugc ECU-Slave diéu chinh theo thuat toan da lap trinh.
Nh& su phéi hop gitta hai bé ECU, dong co c6 thé van
hanh 6n dinh v6i hén hop nhién liéu syngas-biogas-
hydrogen cé thanh phan bién thién trong dai rong.
3.3. Cai tao ddng co Honda GX390 véi b diéu khién
ECU-Master/ECU-Slave

Dong co GX390 (hinh 5a) dugc céi tao dé van hanh véi
hé théng phun xang dién tl. Bo ché hoa khi truyén théng
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dugc thay thé bang cum phun nhién liéu do ECU-Master
diéu khién. Cac cdm bién vi tri truc khuyu, nhiét d6 dau boi
tron va bo ba cadm bién ap suat dudng nap, vi tri buém ga,
nhiét d6 khi nap dugc thiét ké ldp dat lén dong co nham
cung cap dir liéu dau vao cho hé théng diéu khién. Hé
thong danh Ira magneto dugc thay thé bing moé-dun
danh Ira dién td, cho phép diéu khién chinh xac thai diém
danh Ia. ECU-Master st dung trong nghién ctu la ECU van
nang JUKEN 5 PRO (hinh 5b). Mét hé théng diéu khién mé&
cho phép hiéu chinh dac tinh phun va dac tinh danh Ira
theo ting loai nhién liéu va ché d6 van hanh cta déng co.

Hinh 4c trinh bay mot gidn dé phun xang tiéu biéu ctia
ECU JUKEN 5 PRO, trong dé thai gian phun dugc téi uu
héa theo cac diéu kién van hanh (t6c d6 dong co, d6 ma
budm ga, nhiét do, dp suat khi nap...). Sau khi hoan thién
gian do6 phun, ECU-Master hoat déng nhu bo diéu khién
chuén cho dong co GX390 st dung nhién liéu xang. Khi
hé thdng phun xang van hanh én dinh, ECU-Slave dugc
b sung dé diéu khién hé théng voi phun kép, dam bao
cung cap hén hgp nhién liéu t6i uu cho déng co tai moi
ché& @6 lam viéc.
3.4. Lap dat cac cdm bién

Dong co Honda GX390 la loai déng co tinh tai truyén
théng sir dung bo ché hoa khi va hé thédng danh Ita kiéu
magneto. Do d6, khi chuyén déi sang cau hinh phun
nhién liéu diéu khién dién t, can bé sung hé théng cdm
bién. Trudc tién, cdm bién vi tri truc khuyu (CKP) ctia xe
gan may dugc gia cong va lap dat phu hgp lén dong co
GX390. Banh da nguyén ban (hinh 6a) dugc thay thé bang
banh da mai (hinh 6b), trén do bé tri chin chot ti. Mot
cam bién ti dugc cé dinh trén vo dong co (hinh 6¢). Khi
cac chét ti di qua cdm bién, cac xung tin hiéu dugc tao ra
va gui dén ECU. Dua trén chudi xung nay, ECU xac dinh
chinh xac thoi diém danh IGa va diéu khién qua trinh
déng - m& kim phun nhién liéu phu hgp véi trinh tu van
hanh clia chu trinh cong tac déng co.
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ol JUKEN 5 - ECL) - BINTANG RACING TEAM

FILE DATA 1 - BASE MAP
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Hinh 5. Ddng co Honda GX390 nguyén ban (cung cdp xang qua bg ché hoa
khi, danh Ita magneto), ECU Juken 5 pro va map diéu khién phun nhién liéu

(b)
Hinh 6. Lap dat, diéu chinh cdm bién vi tri truc khuyu
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Dé bé tri cac voi phun nhién liéu khi trén dudng nap,
b6 ché hoa khi nguyén ban ctia ddéng ca GX390 (hinh 6a)
dugc thdo bé va thay thé bang mét 6ng thép khéng gi
dudng kinh 27mm va chiéu dai 155mm. Trén 6ng nay, hai
dau néi dugc khoan va han dé 13p dat hai voi phun kép c6
dudng kinh thay déi tir 4 dé€n 10mm, dugc bé tri nghiéng
khoang 45° so véi truc 6ng nap (hinh 6b). Cau hinh nay
gilp t6i uu hoda luu lugng va kha nang hoa tron ctia nhién
liéu khi di vao budng dét, déng thai dam bao phu hop vai
cac diéu kién van hanh khac nhau va cac kich thudc éng
dan tuong tng. Ngoai ra, hong nap clia xe may s dung
hé théng phun xang dién t& Honda dugc l1ap dat phia
trudc cum dudng nap cai tao. Hong nap nay tich hgp ba
cam bién gdbm cam bién vi tri buém ga (TPS), cdm bién ap
suat duong nap (MAP) va cdm bién nhiét d6 khi nap (IAT),
cung cdp tin hiéu dau vao cho ECU nham udc lugng luu
lugng khi nap va diéu chinh chinh xac lugng nhién liéu
phun vao déng co.
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(b)
Hinh 7. Gi tao dudng nap va lap dat cum voi phun kép

Hai van dién tu IP65 (voi phun kép nhién liéu khi) véi
dudng kinh van 6ng dan nhién liéu khi 10mm dugc lap
dat véi hai duding cap nhién liéu khi, viéc thay déi kich
thudc dau néi gidp thay déi dudng kinh 6ng dan nhién
liéu khi, pht hop st dung diéu khién da nhién liéu syngas-
biogas-hydrogen. Van dugc diéu khién bang nguén dién
8-12V.

Hinh 8. Van dién tir cdp nhién liéu khi IP65 (a) va hé thong cap nhién liéu
khi (b)

Vol. 62 - No. 3 (Mar 2026)

Ngoai cac cdm bién néu trén, cdm bién nhiét d6 dau
béi tron dugc |3p dat tai cacte (hinh 8a) dé ECU nhan biét
chinh xac trang thai lam viéc clia dong co. Bén canh do,
nham hiéu chinh hé s6 tuong duong ctia hon hgp nhién
liéu khéng khi, oxy du trong khi thai dugc xac dinh théng
qua cadm bién lambda (hinh 9b). Tin hiéu tir cdm bién nay
dugc truyén vé ECU, cho phép xac dinh hén hop dang &
trang thai giau hay nghéo va diéu chinh lugng nhién liéu
phun tuong ung.
V1IN

Hinh 9. Lap dat cdm bién nhiét dd dau boi tron (a) va cdm bién lambda
(b)

Hé théng danh Itra magneto nguyén ban cta déng co
GX390 (hinh 10a) dugc thay bang cum danh Ia dién ti
t6 hgp st dung trén 6 td6 doi mai. B6 danh Ita nay tich
hop cac b phan tao dién thé cao ap, mach dong ngat
dong dién so cap dé tao tia Ita dién vao chup bugi (hinh
10b). Khi ECU phat tin hiéu diéu khién thi cum danh Itra t6
hgp phat sinh tia Ira tai bugi d€ dét chay hén hgp nhién
liéu khi.
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Hinh 10. Bbin danh Ita magnheto nguyén ban (a) va hé thong danh Ida
diéu khién dién t{ cdi tao trén dong ca GX390 (b)

Cac cdm bién dugc két néi vai dau vao ECU-Master. Tin
hiéu diéu khién danh Ita va diéu khién voi phun & dau ra
clia ECU-Master dugc gui dén ECU-Slave. Dua vao thanh
phan hén hgp nhién liéu, ECU-Slave tinh toan thdi gian
m& voi phun thi nhat va voi phun thi hai cta b voi phun
kép va phat tin hiéu diéu khién céc voi phun. Déng thdi,
dua vao thanh phan hén hgp nhién liéu, ECU-Slave diéu
khién hé théng danh Itra theo goc danh Itra s6m Uing vai
thanh phan hén hgp nhién liéu xac dinh.

3.5. Thi nghiém déng co

uaBoIpAH + seSoig + sesuhg | |

Hinh 11. So d6 pha tron hon hgp nhién liéu sygnas-biogas-hydrogen

Cac khi thanh phan gém CH,, H,, CO va CO, dugc nap
vao binh chura theo ap suét riéng phan nhién liéu gom
30% Syngas, 30% Hydrogen va 40% Biogas. Binh tron su
dung la binh chira khi nén cong nghiép, c6 kha nang chiu
ap suat dén 200bar. Trong méi thi nghiém, téng ap suat
nap dat 15bar, tuong tng véi khoang 900 lit hén hop &
diéu kién thugng doéi véi binh 60 lit. Hinh 11 minh hoa so
d6 hé théng pha trén hén hgp syngas-biogas-hydrogen
trong thi nghiém.

Hinh 12 thé hién qua trinh th nghiém déng co s
dung nhién liéu khi syngas-biogas-hydrogen. Trong qua
trinh chuyén déi ti nhién liéu xang sang hén hop nhién
liu khi linh hoat syngas-biogas-hydrogen, khéng can xay
dung lai gian d6 phun. Thay vao d6, véi gian d6 phun
xang da thiét lap trong ECU JUKEN 5 PRO (ECU-Master)
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dugc st dung két hgp v6i ECU-Slave dé xt ly thoi diém
danh la va thoi gian phun phu hgp véi hén hgp nhién
liéu linh hoat, d6ng thai phét cac xung diéu khién cho hé
théng voi phun kép va mo-dun danh lda méi. Phucng
phap nay cho phép chuyén déi thuan tién cac déng co
phun xang thanh déng ca st dung nhién liéu khi linh hoat
ma khong can tai hiéu chinh toan bd ban d6 phun, von
doi héi nhiéu thai gian va cong suc.

Hinh 12. Bdng co Honda GX390 sau cdi tao va qua trinh th{ nghiém

Két qua thir nghiém cho thay, déng co st dung nhién
lieu khi linh hoat syngas-biogas-hydrogen hoat déng én
dinh, ECU kiém so&t thanh cong qua trinh cung cap nhién
lieu theo két qua mo phdng. Cong suat cuc dai clla may
phat dién khi chay bang xang la 5,0kW & toc d6 dong co
3600 vong/phut. Khi déng co chay & téc dé 3000
vong/pht thi cong suat dat xap xi 4,0kW. Nhu vay khi
chuyén sang chay bang hén hop syngas-biogas-
hydrogen, cong suat déng co giam khoang 20,2% so véi
khi chay bang xang. Két qua nay phu hop vaéi cac cong
trinh da cong b6 trong cac tai liéu tham khao.
4, KET LUAN

Két qua nghién ctru trén day cho phép ching tardtra
dugc nhing két luan sau:

- Do tinh chat ctia cac nhién liéu trong hén hop
syngas-biogas-hydrogen khac biét I6n nén ching can
dugc cung cap cho déng co théng qua bd voi phun cap
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doéi dé dam bao hé s6 tuong duang ctia hén hgp 6n dinh
khi thanh phan nhién liéu thay d6i trong pham vi rong.

- M6 hinh diéu khién cung cap nhién liéu cho déng co
kiéu ECU-Master/ECU-Slave, trong d6 1 ECU dugc thiét
lap v&i nhién liéu goc va ECU con lai diéu chinh thai gian
phun theo thanh phan nhién liéu, phlu hop véi déng co
lam viéc v6i hén hgp nhién liéu linh hoat.

- M6 phong hoat déng cda ECU-Master/ECU-Slave
bang phan mém Proteus va lap trinh vi diéu khién vai su
ho trg ctia Al gitp don gian héa qua trinh nghién ciu hé
théng diéu khién dong co trudc khi ché tao.

- Dong ca xang tinh tai Honda GX390 c6 thé dugc cai
tao thanh dong co st dung nhién liéu khi linh hoat
syngas-biogas-hydrogen véGi bd cam bién clia xe gdn may
phun xang diéu khién dién td, bd voi phun cap déi va bd
ECU-Master/ECU-Slave.

- Khi chuyén Honda GX390 sang chay bang hén hgp
30% syngas-40% biogas-30% hydrogen, cong suat dong
co giam khoang 20,2% so v&i khi chay bang xang.
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