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Tom tit

Trong nhitng nam gan ddy, viéc sir dung nhién liéu
sinh hoc trén cdc dong co diesel diéu khién dién tir
dang dwoc cac nha khoa hoc, cac nha san xuat
nhién liéu ciing nhw nguoi tiéu dung hét sic quan
tam. Tuy nhién, viéc nghién ciru diéu khién téc do
khong tai rén dong co diesel ding hé thong phun
nhién ligu diéu khién dién tir kidu Common Rail
(CR), ¢6 wu diém ap suat phun lén, diéu khién chinh
xdc heong, thoi diém va sé lan phun thi van dang
con bé ngo. Bai bao nay nghién ciru, thiét ké b
diéeu khién toc dé khong tai dong cor 2.5 TCI-A ldp
trén xe HYUNDAI STAREX khi sz dung biodiesel
B20. Két qud cho thdy déng co hoat déng binh
thuong ¢-ché do khong tdi, dong co sir dung bé diéu
khién khong tai phat thai CO giam 14,34%, phét
thai HC giam 19,2%, phat thdi NOx tang 70,54%
va phét thai PM khéng thay doi so Véi dong co
nguyén thuy vdi cung logi nhién li¢u B20.

Tw !(hég: Hé thang nhién ligu Common Rail, diéu
khién toc do khéng tai, diesel sinh hoc.
Abstract

In recent years, the use of biofuels in the
Electronic Diesel Control being interested by the
scientists, fuel producers as well as consumers
concise and factual abstract is required. However,
the research idle speed control using biodiesel on
common rail diesel engine have not been
researched yet. This paper research and designs
the idle speed control of engine diesel 2.5TCI-A
HYUNDAI STAREX use biodiesel B20. The results
show that the engine is operating normally idle
speed, the engine using the idling controller
reduces CO by 14.34%, HC by 19.2%, NOx by
70.54 % and PM unchanged compared to the
original engine with the same fuel B20.

Keywords: Common Rail Injection System, idle
speed control, biodiesel.

1. Mé dau

Diéu khién lwong phun nhién liéu & ché do khong
tai phai chinh xac dé tiét kiém nhién li¢u, ting cong
Sut, giam phat thai ciia dong co [1]. Khi ngudi i nha
chan ga, chuong trinh khong tai 1am viéc. Téc do
khéng tai phu thugc tirng ché do 1am viéc cua dong
co: dong co lanh, dong co ndng, bat didu hod, xe chay
tu do, nha chan con,... [2]. Dé thuc hién duoc viéc nay
bo diéu khién khong tai lién tuc 1am viéc diéu khién
luong nhién liéu cho dén khi dap ung duoc tée do
khong tai yéu cau. Bo diéu khién ECU trén dong co
duoc chia lam hai phan 1a phan mach dién tir (phan
cting) va phan chuong trinh diéu khién (phan mém).
Phan cimg da duoc nhidu hang ché tao ¢ dang tiéu
chuan (hoat dong 6n dinh, c6 do tin cay cao) goi la
“ECU trang” voi nhiéu cau hinh khéc nhau tiy theo
muc dich sir dung. Phan mém 1a cac chuong trinh va
thuat toan didu khién do cac hang san xuat dong co
thuc hién, phan mém phai ph hop véi timg dong co
va tung loai nhién liéu. Do d6 khi st dung nhién liéu
biodiesel thi can phai thiét ké lai phan mém diéu khién
dé dong co co thé 1am viéc vai hiéu suat cao nhat [4].

Vén dé nghién ctru diéu khién toc do khong tai trén
dong co diesel thé hé méi didu khién dién tir rat phic
tap, lién quan dén nhiéu co ciu va hé thong dac biét 1a
hé thong phun nhién liéu diéu khién dién tur kiéu
Common Rail, (véi &p suat phun cao va khéng phu
thudc vao téc do dong co; sb 1an, thoi diém va lugng
phun va c6 thé thay ddi rat linh hoat cho cac muyc dich
khac nhau) [4]. Dé thiét ké chuong trinh diéu khién
téc do khong tai tAc gia lya chon phuong phap thiét ké
hé thong diéu khién dya trén mé hinh mé phong truc
tiép ddi twgng bang ngdn ngir Matlab/simulink. Do d6
cac bo sb liéu caa hé théng didu khién duoc tao ra khi
diéu khién md hinh md phong dong co s& duoc hiéu
chinh cho phu hop khi diéu khién dong co thuc trén

SO DAC BIET (10-2021)



HOI NGHI KH&CN CO' KHi - DPONG LIFC 2021

bé thir. Thay Vi chay dong co truc tiép, lién tuc dé thu
thap cac bo sé liéu didu khién thi cong viéc bay gio
chi con lai 14 hiéu chinh bo théng sé diéu khién, nhu
vay s& giam thiéu duoc thoi gian chay dong co that
trén bé thir nén giam dugce chi phi cling nhu thoi gian
thuc hién. Bai bao nay nghién cau, thiét ké bo diéu
khién téc do khong tai dong co 2.5 TCI-A lip trén xe
HYUNDAI STAREX khi sir dung biodiesel B20. Két
qua nghién ctru phuc vu truc tiép cho viéc 1ap chuong
trinh diéu khién ECU m¢i ding cho dong co nay khi
chuyén sang st dung nhién liéu diesel sinh hoc [4].
Céc nghién ciru thuc nghiém dugc tién hanh trén bang
thir déng co thuoc Trung tdm Céng nghé Co khi,
Truong Pai hoc Cong nghé Giao thdng van tai.

2. Tinh toan lwgng nhién liéu phun khong tai
2.1. Tinh todn lwong nhién ligu khong tdi yéu cdu

Khi nguoi lai nha chan ga, chuong trinh khéng tai
s& bat dau lam viéc. Tdc do khong tai yéu cau thay doi
tly thudc vao tirng ché do 1am viéc cua dong co. Khi
dong co ngudi tbe do khong tai yéu cu cao hon khi
d6ng co nong, hoac toe do khong tai tang 1én khi dién
ap 4c quy yéu, bat didu hoa, xe tha tri (nha chan con).
Khi xe lién tyc dung - chay (do dén giao thong) dong
co hoat dong & ché do khdng tai, dan ti tén nhién liéu
va tang phat thai, do d6 téc do khong tai yéu cau duoc
giam xudng murc thap nhat. Khi dién ap ic quy yéu s&
tiéu thu cong sut 16n hon rat nhiéu khi dién ap 4c quy
du, déng thoi cong suat cho may nén diéu hoa, tro luc
tay lai, bom cao ap.,... phu thugc rat nhiéu vao nhiét do
dong co. Tat ca yéu t6 trén déu anh huong t6i qua trinh
diéu khién téc do khdng tai yéu cau [3].

Toc d6 khong tai yéu cau phu thudc vao nhiéu
thong sb: nhiét d6 dong co, tbe 4o dong co, dién ap ac
quy va tdc do cua xe, tin hiéu bat tat diéu hoa va duoc
X&c dinh nhu sau [3].

n_idle_demand =
v_vehicle, A/C).

Trong d6: n_idle_demand 1 téc do khong tai yéu
cau, (v/ph); n_e la téc do dong co, (v/ph); v_vehicle
latéc do xe, (km/h); T_water la nhiét d6 nuéc lam mét,
(°C); u_acquy la dién ap ac quy, (mV); A/C la tin hi¢u
bat tit diéu hoa.

So @6 tinh toan lwong nhién liu khdng tai yéu cau
duoc trinh bay trén Hinh 1. Trong d6: n_idle min la
toc dong khdng tai yéu cau nho nhat, (v/ph);
n_idle_water 1a téc d6 khong tai yéu cau theo nhiét do
nudc lam mat, (v/ph); n_idle_acquy la tbc do khdng
tai yéu cau theo dién &p ac quy, (v/ph); n_idle_A/C la
tbc do khong tai yéu cau khi bat diéu hoa, (v/ph);
n_idle_v/n la toc do khdng tai yéu cau theo ty so giita

f(T_water, n_e,

u_acquy,
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van toc xe va toc do dong co, (v/ph).
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Hinh 1. So db tinh todn lwong phun khong tai

Dé xéc dinh toe do khdng tai yéu cau, tién hanh thyuc
nghiém ddi véi dong co 1ap ECU nguyén thay chay voi
nhién liéu diesel, dit trén xe Hyundai Starex (bang cach
tao gia tin hiéu caa cam bién nhiét 46 nudc lam mat).
Khi nhiét d6 nudc lam méat nho (khoang 5°C), toc do
khong tai yéu cau I6n nhét cua dong co dat khoang
1050 (v/ph); khi nhiét do nuéc 1am mét 1én hon 75°C
téc do khong tai yéu cau cia dong co dat gia tri nho
nhat va duoc gitr 6n dinh & mirc 780 (v/ph). Sy thay doi
téc do khong tai yéu cau cia dong co 2.5 TCI-A theo
nhiét d6 nude lam mat duoc trinh bay trén Hinh 2.
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Hinh 2. Dién bién téc dé khong tdi yéu cdu theo
nhiét d¢ cia dong co 2.5TCI-A

=
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Tbc @6 khdng tai yéu cau cua dong co khi xe di
chuyén & céc sé khac nhau ~ 900 (v/ph). Téc do dong
co 16n nhat sau khi khéi dong 1a 1043 (v/ph). Khi
dong/ ngét ly hop, c6 su dao dong nho vé sb vong
quay cua dong co (muc d6 dao dong la khoang 40
(v/ph)). Khi dién &p cua ac quy & dudi mic 10,65V
thi dong co s€ ty dong ting vong quay khong tai tur
780 Ién 1000 (v/ph). Thoi gian tir lac tang dén khi gii
vong quay n dinh & 1000 (v/ph) la khoang 4,5 giay.
Dién 4p nho nhit cua dc quy ma dong co co thé nd
méy duoc 1a khoang 6V. Khi xe vao sb 1 tir ché do
khong tai, toc do khong tai ciia dong co ting tir 780
(v/ph) 1&n 850 (v/ph).
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2.2. Thiét ké cac bg diéu khién vong kin

Cau tric bo diéu khién PID, Hinh 3 gdm 3 thanh
phan: Khau khuéch dai (P), khau tich phan (1), va khau
vi phan (D). Khi str dung thuat toan PID, nht thiét
phai lya chon ché d6 1am viéc P, PI hay PID va sau dé
dit cac tham sb cho cac ché do da chon [5].

Dditugng | ¥
diéu khién

Hinh 3. Diéu khién véi bj diéu khién P1D

Bo diéu khién PID c6 ciu trac don gian dé sir dung
nén duoc st dung rong rii trong didu khién cac ddi
tuong SISO theo nguyén Ii hdi tiép (Hinh 2). B PID
¢6 nhiém vu dua sai 1éch e(t) cua hé théng vé khong,
sao cho qué trinh qua d6 thoa man cac yéu ciu co ban
vé chat lugng:

- Néu sai léch tinh e(t) cang I6n thi thong qua thanh
phan uP(t), tin hiéu diéu chinh u(t) cang lon.

- Néu sai léch e(t) chwa bang khong thi thong qua
phan ul(t), PID van con tao tin hiéu diéu chinh.

- Néu sy thay doi cua sai léch e(t) cang Ién thi
thdng qua thanh phan uD(t), phan wng thich hop cua
u(t) s& cang nhanh.

Bo diéu khién PID dugc mé ta bing mo hinh vao - ra:

t
u(t) =Kp {e(t) +K1I(j)e(t)dt +Kp dij(tt)}

Trong do6: e(t) 1a tin hiéu dau vao; u(t) 1a tin hiéu
dau ra; Kp 1a hé sb khuéch dai; K; 1a hiang sé tich phan;
Ko la hing sé vi phan

Tir m6 hinh vao - ra trén, ta c6 dugc ham truyén
dat cua bo PID:

1
R(s) = Kp£1+Ks+ KDS]
|

Chét luong cua hé thong phu thudc vao cac tham sé
Kp, Ki, Ko. Mubn hé théng c6 chit luong nhu mong
mudn thi phai phan tich dbi tuong rdi trén co s& d6 chon
cac tham s6 cho pht hop. Hién nay c6 kha nhiéu phurong
phép xac dinh cac tham s6 Kp, K, Kp cho b diéu khién
PID, c6 thé ké dén mot s6 phuong phap nhu: Phuong
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phép Ziegler - Nichols; Phuong phap Chien -Hrones -
Reswick; Phuong phap tong T ciia Kuhn; Phuong phép
t6i uu d9 16n va phuong phép tdi wu dbi xing; Phuong
phép t6i wu theo sai 1éch bam, [5].

Dé Iya chon bo diéu khién phi hop, tac gia da sir
dung phuong phap Ziegler - Nichols nhiam xac dinh
bo diéu khién va cac tham sé diéu khién, theo cac
budc cu thé sau, [5]:

Budcl: Pat k= 0; kp = 0, Tang dan gia tri ke dén
khi dao dong tuan hoan. Dt gia tri ke = ki, va xac dinh
chu ky dao déng Tin.

Budc 2: Lua chon bo diéu khién va tham sb bo
diéu khién theo chu ky Tth va h¢ s6 kth nhu sau: ke =
0,6.ken; ki = 2.kp/Ten; ko = kp. Tn/8.

2.3. Bj diéu khién toc dp khong tdi

Ldi khong tai (e) dugc xac dinh bang sai sb giita
sd vong quay khong tai thuc va sb vong quay khéng
tai yéu cau. Bé hiéu chinh sé vong quay khdng tai, can
hiéu chinh cac thong sé idle_kp; idle_ki; idle_kd, voi
so do diéu khién vong kin dugc thé hién trén Hinh 4.

Hinh 4. So d@é diéu khién vong kin sé vong quay
khong tdi cia dong co

Hinh 5, Hinh 6 biéu dién s vong quay khong tai
md phong va lugng phun khéng tai mdé phong cua
dong co 2.5 TCI-A sir dung B20 khi s6 vong quay
khong tai yéu cau lan luot 1a 800 (v/ph); 900 (v/ph).
Vé6i mdi toe d6 khong tai yéu cau cac tham sé diéu
khién 1a Kp, Ki, Kp duoc xéac dinh nhu trong Bang 1.

AN
Il

i

Thiri gian (s)

Hinh 5. Sé vong quay khong tdi thuc iing véi sé vong
quay khoéng tdi yéu cau 800 (v/ph)
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Hinh 6. Sé vong quay khong tdi thuc iing véi sé vong
quay khong tdi yéu cau 900 (v/ph)

Hinh 7. Man hinh hién thi, higu chinh cac théng sé
diéu khién sé vong quay khong tdi trong phan mém
Mototune

Nham danh gia mirc do cai thién vé dac tinh k§
thuat va muc phéat thai cua dong co khi st dung bd
diéu khién khong tai quy trinh thir nghiém dwoc tién
hanh nhu sau:

Quy trinh thir nghiém dé hiéu chinh, ¢anh gia mirc
do6 cai thién mirc phat thai caa déng co khi st dung bo
diéu khién & ché do khong tai; dong co dit trén bang
thir dong co ctia Khoa Co khi, Truong Pai hoc Cong
nghé Giao thdng van tai.

Budc 1: Dong co st dung bo didu khién khong tai,
hiéu chinh céc thong sé idle_ki_low, idle ki_up,
idle_u_up, idle_u_low dé dat toc do khong tai yéu cau.

Budc 2: Po phat thai ciia dong co tai tbe do khong
tai khi dong co sir dung bo diéu khién khong tai va
dong co nguyén ban.

Khi dong co sir dung bo diéu khién téc do khong
tai dat trén bang thwr, can hiéu chinh téc do khong tai
thuc. Dé hiéu chinh sé vong quay khong tai, can hiéu
chinh céc thong sé Kp, Ki, Kp. Cac théng sb nay duoc
diéu chinh tryuc tiép trén man hinh may tinh (Hinh 7),
théng qua phan mém chuyén dung dé lap trinh ECU
(MotoTune cia hing MotoHawk, M¥), phan ctng tiéu
chuan (ECU tring ciia hding WoodWard, My).

Hinh 7 biéu dién s6 vong quay khong tai thuc cua
dong co 2.5 TCI-A khi s6 vong quay khdng tai yéu
cau la 800 (v/ph). Ta thay, mirc d6 dao dong tuong ddi

TAP CHi ISSN: 1859-316X

KHOA HQC CONG NGHE HANG HAI
L_JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

I6n (c6 thoi diém, muc tai dao dong dén 250 (v/ph))
lam cho ddng co bi rung giat. Sau khi hiéu chinh cac
hé sb diéu khién khong tai (Ke, Ki, Kp), mirc d6 dao
dong cua sé vong quay khdng tai giam xudng (muc
dao dong 16n nhat chi con khoang <= 80 (v/ph)) nhu
duoc thé hién trén Hinh 8.

Bdng 1. Gia trj cac thong sé higu chinh sé vong quay

khong tai

Hé so Téc di khéng tdi yéu ciu, ve/ph
didu

khién | 750 | 800 | 850 | 900 | 950 | 1000
PID

kp 30 | 70 | 70 | 70| 7.0 | 75
kr | 0,08 | 009|009 | 01| 02| 03
kp 09 | 10| 1,0 | 1,2 | 1,5 095

Hinh 8. Sé vong quay khong tdi thie chura hiéu chinh
(tdc dp khong tdi yéu cdu 1a 800 v/ph)

Tée a5 (vg/ph)
j % I
'
'

Thai gian (ms)

Hinh 9. Sé vong quay khéng tdi thwe dd hiéu chinh
(tde dp khong tdi yéu cdu 1a 800 v/ph)

Trén Hinh 9 biéu di&n s6 vong quay khéng tai thuc
ctia dong co 2.5 TCI-A khi s6 vong quay khdng tai
yéu cau la 1000 (v/ph) (ta thay, muc do dao dong
tuong ddi 16n, khoang 140 (v/ph).

Sau khi hiéu chinh céc hé sb didu khién khong tai,
mic do dao dong giam xudng chi con khoang 60
(v/ph) (Hinh 10). Gia tri cua cac théng s hiéu chinh
s6 vong quay khéng tai dugc trinh bay trén Bang 3.

166
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Hinh 10. Sé vong quay khoéng tdi thiee da higu chinh
(tée dp khong tai yeu cdu 1a 1000 v/ph)

Téc d6 khong tai yéu cau

17000¢ 175000
Thi gian (ms)

Hinh 11. Sé vong quay khong tdi thue chua higu
chinh (tée dg khong tdi yéu cau |a 1000 v/ph)

Két qua so sanh phat thai cua dong co 2.5 TCI-A
khi sir dung bo diéu khién khong tai va dong co
nguyén ban véi nhién liéu B20 tai ché do khong tai, ta
thdy: Tai ché do khong tai, dong co khi sir dung bo
diéu khién khong tai phét thai CO giam 14,34%, phét
thai HC giam 19,2%, phat thai NO, ting 70,54% va
phét thai PM khong thay doi so véi dong co nguyén
ban véi nhién liéu B20.

5. Két luan

Bai bao di nghién ctu, thiét ké bo diéu khién téc
d6 khong tai cia dong co diesel dung hé théng phun
kiéu common rail khi sir dung biodiesel. Tir cac két
qua phan tich ¢ trén cho thiy Pong co D4CB
2.5TCI-A khi sir dung nhién liéu B20 lam viéc binh
thudng & ché do khong tai. Tai ché d6 khong tai,
dong co khi str dung bo diéu khién téc do khong tai
phat thai CO giam HC giam, phat thai NOy ting va
phét thai PM khong thay d6i so voi dong co khi sir
dung ECU nguyén ban véi nhién liéu B20.
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