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The Adaptive Air-Fuel Ratio Control
for High-Efficiency and Low-Emission Engines

Yuji Yasui* * Ikue Kawasumi* and Kousuke Higashitani*

Abstract:

to maximize emission conversion rate of three-way catalyst.

The mainstream of low emission technologies for gasoline engines is an accurate air-fuel ratio control

An engine equipped with a continuously variable

lift and phase mechanism is focused on as a method to improve fuel consumption. However, the engine indicates
large variation and aging effect of in-cylinder gas amount, and the accuracy of air-fuel ratio of the engine is

lower than conventional gasoline engines.

Conventional feedback algorithms could not provide sufficient

control performance of air-fuel ratio of the engine. Therefore, the control system composed of adaptive
feedforward and feedback algorithms is newly designed and applied to the engine.
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Fig. 2 Comparison of in-cylinder gas control

LoaRBlony ) ey DU T, BA UK BERD
Mg L7247 % E3E(Fig.1 H @ TDC : Top Dead
Center), HbLIEKWMiE LD H A I 7% FHER(KF D
BDC : Bottom Dead Center) & FESS. T L &, i Al A7
RIS, WALV TOU T MEERAEZEFF LT ERK
SNIVT DO E S A I T EFRRICK L CHBHICEET S
HLOTHY, BN AL T XA I 70 7 MR, B2
V7 hEERAEFFOEBON L%V OEEBREMFIIG
CTEIDHZ 2 Z LI Lo TRV T DY 7 MREEZZEE
THHLOTHD. B a BNV T XA I 7-) 7 MERECL
T, CVTL : Continuous variable Valve Timing and Lift
mechanism)i¥, Fig.1 1Rk $ L2112, KAV TDY 7 &
LBRA, BAE XA I A EENICAIETE 2B TH Y,
CVTL %, B Z DRI~ T, R v v 7 m 20K
ERPRKE L, BREMEHIRE LRV, Fo, =Y
FHEBUZE U TV T Y 7 MR EBMA, A& XA I 7 &
BIIERETE D70, AIEEFHEEZ 2 2 Ekox v
NCHARTHRR M Z SALET 52 ENTED.

3, WAL Y 7 bV DR

Fig.2 @R LIz n Y U o= P 0T, BREIC
B fgonicrny MV ERFETHZ LIZEL > TRAEN
BIE P Z2¥RL, V) U F~ORERE G T 5. =
DL X, BEMER R Greld, WEE D EWRIZILY 5z

12

FH B Bl B 22 P S U
Vol.9, No.3, 11/16 (2010)

Wide-range
Fuel Injector A sensor
CVTL
> Engine Catalyst
Injected fuel mass Sensor output
Gfuel ¢| n

Engine speed Feedfoward function

Ne —>] .
Cam phase C,= § Feedback
Valve lift L, = function
Feedback STC |, Target
ici —'aY
coefficient K¢ value g,

Fig. 3 Air-fuel ratio control for the engine
equipped with CVTL
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Fig. 5 Relationship between valve lift and suction
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Fig. 11 Simulation result of newly proposed controller
using STC and feedforward adapter

5. STC IFMEEREFERIC KT D MiEHEEA T T2 Z &b,
WSS CEMEFERLRTV. Lo T, STCII A=Y H R b gr
DFEOFBENERMETE S, 2ok, KTIE, &
DEWVEIZRA LFT 5 Z L1320, LasLays, STCik”
A= RNy 7T NI XANTHDHID, gni3FELRITE
F OREENEIZAE U RN, =0 P AR ORIBIZEE S Lin
DEACKHI IS D AN 7RO g il 5 Z LT TE 2
AN

Fig.11 1%, Fig.8 IR L= STCIZ7 4 — K7+ U — Nl
BEBMUEFEORRETHD. ZOFETIE, Wemllkd
Emod DIEIEIZ LY, gM/N—T HADEBI L D157 & er D
WL LD HBESND T2, 74— K74 U— Rt
BICE->THEEND DLide 0Bz mE L, STC 33—
HADEBEHETHEHITRD. LoT, STCL7 4—FK
T4V — FEISIETHT 5 2 82, Dider 2 mET 5720
DOEAEIZIR L, Fig.10 12 THA L Tz A8 7RO gl
Rigiznhl s d.



Frek T H Bh e

ZOZ Lk, REIERICBT HIRETEN g ORIEER -
CHDTHDZ ERHRTED.

6. EHT X MER

RABMIC eL B 52 D Z LI &V g 4B S & -l vl 22 U
7 b=V Fig8 1R LR B FIEIC L 5 28R I %
ML, FTP-75 £— R&ET L7z & & D g OHIERER A
Fig.12 (2~

BRI, STC DA LV il 21T o 7= Fig.7 OFEFIT
T, 7 A RARERIRIERED Gin O @op ~OHIEPED B & 5>
(i L TH Y, 900sec AFEDFEL D2 IBOE I T B dhin DR
BERE L LMK L TV 5.

INHDZENL, 74— RF74+U— N#ISSRZEMLE
ZEPR LI R DA B Z T o VBT bR T D 2
EMTET.

6. Bbhic

BRI Y 7 R Y DZERELHIENC B S RE & £
FAEFBIZOW TR, ZRERT 5 FiEE LT, ko
STC % M7= ZEREEHIEIR IS L, HIo#iEL b o727 1 —

RT7AT—=F7 N ZLaBT 52 & a@E L.

£, TOFEZEROER L) 7 b DAL,

TOMRAER LT

z2 £ X M

1) K. Nishizawa and S. Momoshita : Nissan’s Gasoline
Sulev Technology, SAE Paper 2000-01-1583 (2000)

2) H. Kitagawa and Y. Yasui : L4-Engine Development
for a Super Ultra Low Emission Vehicle, SAE Paper
2000-01-0887 (2000)

3) A. Ohata and M. Ohashi : Model-Based Air Fuel Ratio
Control for Reducing Exhaust Gas Emissions, SAE Paper
950075 (1995)

4) M. Hidetaka and S. Akazaki :Real Time Engine Control
Using STR in Feedback System, SAE Paper 950007 (1995)
5) K. Suzuki and T. Shen : Individual A/F Control with
Fuel-Gas Estimation for Multi-Cylinder IC Engines, IEEE
paper ACC2007 Fr.B06.3 (2007)

6) H. Hosoya and H. Yoshizawa : Development of New
Concept Control System for Valve Timing Control, SAE
Paper 2000-01-1226 (2000) Institution of Mechanical

7) Engineers : Modelling a Variable Valve Timing Spark
Ignition Engine Using Different Neural Networks, Journal
of Automobile Engineering, Vol. 218, No. D10 (2004)

8) Institution of Mechanical Engineers : Modelling a
Variable Valve Timing Spark Ignition Engine Using
Different Neural Networks, dJournal of Automobile
Engineering, Vol. 218, No. D10 (2004)

9) SR, S EEME: v N MEISHIEAR, BR, 187p,
A — At 1989

16

FHI B Bl 2 S R SR
Vol.9, No.3, 11/16 (2010)

n
--------

op
—— Vehicle speed

15 100
glowﬁw %
S [
% Y N A sog
S Al L
e A AN VT S
=
| |

BN SN .

0 || ‘

600 650 700 750 800 850 900 950 1000
time (s)

Fig. 12 Time series data of ¢, controlled by STC
and the adaptive feedforward function

10) BFpifE, MZEw : A T4 T 4 7 F— N, 263p,

ok, 1994
[ & & Ir)
Z #F #m § (ExB

1994 4F HEHERIRT: KR¥Pt M L5
W ELERRE T, [FFE () ARBEEIRrIT
FrAtLE. Litk, YV =P
v va VEIROMSE, EFHIEA T > L
OHE v =2 RT LRI v g DM
F, Bl N7 7 Ta URIEOME, ’RIERAST—TFZ D
WREEICHE . BABSFASE

mFm=H.

M

B A e

2004 /F HART: KFBE M ¥ 5%
ELRRET. FFE () AR A
th. DIk, e AY 7 vV Y v
DIRT 2 w5, B, BEEAHIT
. DOWFZE, =il 8T 7 2 a UHRIEORZE, =
v YU DRSS

H® ]

A

2001 4F FUEF LR R¥BE 13X

B27ER B EH LEER B3R ET.
R (BK) AHEFERT At D%, T
VoV ECU OB%S, #ifgagLy 7

FHY Y=ok v UHN, B
L, T4 RO, Wity —7
Z > b ECU OMFRICHES.




