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Tém tit
Bai bdo dé cdp t6i van dé nghién cizu md hinh toan, khdo sat su phu thugc cia géc budm ga véi luong
nhién liéu cung cap cho dong co xang. Trén co so phuwong phap diéu khién toz wu LOR thiét ké bo diéu
khlen phan hoi trang thai nham muc tiéu diéu khién heong nhién liéu cung cdp cho dong co theo gid tri
téc do dat.
Abstract
This paper studies the problem granted to the engine model, examines the throttle angle dependence of
the amount of fuel supplied to the gasoline engine. Based on the method of optimal control design LQR
controller for state feedback control to target the fuel supply to the engine speed set value.
Key words: Control of Fuel supply, LQR (Linear Quadratic Regulator), state space feedback controller, Sl (spark-
ignition), FI (Fuel Injection).

1. Dit van dé

- Mot md hinh dong co co thé xay dung bang cach mo _phong mot so céc hé théng nho riéng biét nhu duong
huat, duong xa, plston xi lanh, hé turbo ting ap,...Trong d6 mdi quan hé tong quét cho lwu lwong ciia mé hinh dong
chay theo [4] m6i quan hé d6 dugc mé ta nhu sau [4]:

R} P (]_)
m atm im
‘ \/F A#f ( ) ( Patm j
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- -He¢ théng diéu chinh trung pha tryc cam y hoat déng boi ap luc d'?lu qua 'b(f) diéu khién van dau, thiét bi c6
thé duoc dinh vi trong timg vi tri y (trong khodng y = -40° dén +40°) véi toc do toi da 200%s theo goc ¢. Theo [3] y
duoc tinh theo cong thirc sau:
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Hinh 1. H¢ théng diéu khién phéi hop géc a, y
- Vén dé dat ra 1a phai didu chinh géc buém ga o va goc tring pha truc cam y phi hop v0i thoi gian tang,
giam toc do dong co nham muyc tiéu giam thi€u lugng ti€u hao nhién liéu. Nhiém vu ciia nguoi di€u khién luc nay la
dat cho dong co dot trong mot toc do bang chan ga, bo diéu khién s€ tu dong phoi hop goc a va y theo toc do dat
(hinh 1).



2. N¢i dung
2.1. Mo hinh toan mé ta dong co xang

Xét mot dong co bdn ky sir dung phuong phap danh lira d6t chay nhién liéu SI, khong xét dén qué trinh lam
mat, tubro tang a4p ma chi khao sat dong co theo hai mat: Duong nhién liéu vao xi lanh va duong khi thai tir xi lanh
ra ngoai. Hinh 2 thé hién m6 hinh dong chay phéan phoi khi trong dong co dot trong [3].
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Hinh 2. M6 hinh dong chéy phin phéi khi trong dgng co dt trong

Trong do6 cac ky hiéu hinh 2 nhu sau: a: Goc mé chan ga, [rad],¢: Goc m¢é sém trén tryc cam, [rad], Pamp: Ap
sut méi truo*ng xung q3 uanh, [Pa], Pin: Ap suét duong hut, [Pa] Pem: Ap suét duong xa, [Pa], Miyin: Luong nhién
liéu vao ong nap, [mm°], Mimeu: Luong nhién li€u ra khoi 6ng nap [mm®], Memin: Luong nhién liéu vao éng nap
[mm 1, Memout: Luwong nhién lidu ra khoi dng nap [mm ] e tbe d6 goc ctia dong cofrad/s], e mé men trén truc dong
co [Nm],r; mé men can [Nm].

Theo [3] ta c6 hé phuong trinh vi phan day di nhu sau:
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Khao sat dong co xiang Ford 2.0L véi cac thong sb dugc liét ké trong bang 1, thay thé cac thong sé va tuyén
tinh hoa cac phuong trinh (4), tim ra dugc cac ma tran nhu sau [3]:

-12.62 0 -1965 83283 7510 0 0
A=| 27.66 -2330 4319 |,B=| 0 -16512 |,C=|0|,D= [Oj
0.02249 -0.002113 0.2317 0 -11.99 1
Bing 1. Théng sé ciia dpng co dét trong hiing Ford 2.0L
Ky hiéu Y nghia Gia tri Ky hiéu Y nghia Gia tri
(éj Ty 16 hoa khi 14,64 Tams Nhict 46 khong khi MOl | »g4 15 1]
s truong
Aoa Tiét dién duomgxa | 0,00385 [m?7] | T Nhiét dg khong khi trong | g4 15 ¢y
duong hut
Ay Tiét dién duomg hat | 0,00385 [m?] | Tem Nhict do khong khi trong | gq4 g
duong xa
Can Hang s6 duong hat 0,85 Vin Thé tich duong hit 0,004 [m?]
Cexn Hing s duong xa 0,7 Vo Thé tich dwong xa 0,004 [m°]
H, Nhiét tri thap 44,106 [J/kg] Vs Thé tich budng d6t ? £3?06638
Je M6 men quan tinh 0,15 [kg m?] ay Goc mé a trung binh 7°
Moy S6 xi lanh 6 m; Hiéu sudt chi thi f(P, @)
Parb Ap suét khdng khi 101325 [Pa] ool Ham thé tich hiéu qua f(»)
R Hing s khi 287,327 Z Ty 18 nhiét dung 1.4
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2.2. Phuwong phdp diéu khién téi wu LOR (Linear Quadratic Regulator)

‘Bai toan diéu khién t6i wu LQR thiét ké bo diéu khién trang théi dya trén phuong trinh trang thai quen thuc
cta d6i twgng & dang phuong trinh Cauchy [1]:

X=A.x+B.u
y=C.x+D.u )

va diéu kién cyc tiéu ham chi tiéu chat lugng dang toan phuong:
J =O.5J'(>_<TQ>_<+gTRg)dt—>min (6)
0

Trong d6 X - Véc to trang thai (Nx1); U - Véc to diéu khién (mx1); A, B,C,D - Cic ma tran hé s6
khong doi; Q, R - C4c ma tran dudng chéo clia cac trong s6 duoc dua ra boi nguoi thiét ké.
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Hinh 3. Céu triic bg diéu khién LOR
Ludt diéu khién u=—K, x (coi tin hi¢u dt bang khong), trong d6 Kigr

hoi, duoc x4c dinh sau khi giai phwong trinh Riccati theo ma tran vuéng P.

=RIBTP - Ma tran céac hé sb phan

AP +PA+Q-PBR'B'P=0 (7)
Hg¢ kin méi c6 phuong trinh trang thai nhu sau [5]:
X=(A-BK,, ) x+BNr
y = Cx+DNr ®)
Tuong duong: G(s):[c(sl ~(A-BK,))" B+D}N ©)
Tim ma tran tién xtr Iy N sao cho hé kin bang 1 tai tin s6 s = 0 [5]:
G(0) =—[C((A— BK,,)) B+ D] N =1 (10)
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2.3. Tong hop bé diéu khién, két qua mo phéng
Tur phuong trinh phi tqyén cua dong co xang (4), sau khi da tuyén tinh hoa ta thu dugc cac ma tran A, B, C,
D, hé thong ap dung diéu khién LQR cho dong co xdng c6 cau tric simulink [2] nhu hinh 4.
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Hinh 4. Céu tritc hé théng dp dung diéu khién LOR

Trong d6 Kq - Ma tran phin hoi trang thai can tim, N - Ma tran bu tin hi€u dat, u = [a,y]T, ) X ='[Pim
Pem o], Y = [@]. Viéc tim ma tran Kiqr tong hop theo (7), N duoc tong hop theo (11) nhu trén cho két qua hé s6 ma



tran Ko nhu sau: K,=[0,0008 0,0001 -0,0006; 0,0933 -0,0255 -0,2483], N=[0,0236 0; 0 -2,8311]; vdi cac ma trén
trong luong Q=1[100;0 1 0,0 0 1], R =[150000 0;0 100].

Dac tinh toc do cua dong co xang
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Thoi gian
Hinh 5. Ddc tinh téc dp dong co xing khi dit =168 [rad/s| (tgit=0's), ;= 128 [rad/s]
(tai t = 4 s) va ddc tinh tin hi¢u diéu khién a, y.
3.Két luan

Bai toan tir dong diéu chinh goc buém ga a, gdc trung pha tryc cam y bang phuong phap diéu khién t01 uu LQR da
dap g duoc yéu cau chét luong dat ra cta bai toan: t6i uu goc a va oy tirdd tdi vu Iuong nhiéu liéu cung cap cho dong co
xang, cho chét lwrong dong hoc tot. Bai toan cho phép hiéu chinh bd diéu khién K tity thude vao yéu cau cht luong dat ra ciia
hé théng bang cach thay dbi cac phan tir trén dudng chéo chinh ctia ma trén trong lwong Q va R.
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