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ABSTRACT

Spark ignition engine performance and exhaust emissions are strongly affected by the fuel/air ratio used. A
considcrable amount of investigations have been carried oul by engine manufaciurers to control engine
performance and meel exhaust emission standards of governmental ageneies by developing control systems
for some operating variables such as ignilion timing(IT), Fuel/Air Ralio(FAR), and Exhaust Gas

Recirculation (EGR) '

This paper presents a fuzzy eontrol system thal measures  exhaust temperature and  operates a needle
valve on the engine earburetor jet that enables the fuel 1o air ratio Lo oscillate abowt a desired value, A
group of experiments have been carried oul 10 obtain the relationship between fuel to air ratio or () ,
Exhaust lemperalure and exhaust emissions. A group of fuzzy logic rules which relate exhaust iemperature,
o the desired speed with the position of a needle valve actuated by a stepping motor are proposed. A
bencficial of fuzzy control method was that the rules determined the characiteristics of control system are
mterpreted by the operator. Experimental and simulated results show thal the proposed fuzzy system

improves the fuelair mixture quality.
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Fuel to air ratio- Exhaust temperature — Gas emissions — Fuzzy logic eontrol —Fuzzy
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INTRODUCTION

With thc increasing demand for an
efficient use of the available world
cnergy sources and for reduction the
level of atmosphcric pollution, a
considerable amount of investigation
have been carried out to improve the
conibustion of the fuel/air mixture in
spark ignition engines. This is to achieve
a higher engine performance with the
lower level of cxhaust emissions over a
wide range of engine operating
conditions, researches havc  cxamined
the effcct of some operating parametcrs
such as mixture strength, mixture
preparations, ignition timing and exhaust
gas recalculation[1,2]. The results
obtained from these investigations
indicated that combustion in spark
ignition engines is greatly affected by
the fuel air  ratio used. The control
strategy of this ratio allows the engine to
operate at higher efTicieney[2].

Many investigations have been reported
in the literature describing fuel air ratio
control systems for spark ignition
cngines [3]. A fuel air ratio control
system using a self tuning regulator to
climinate or minimize the fuel air ratio
oscillation about stoichiometry was
presented in ref[3]. The system operates
with a feedbaek signal from an exhaust
gas oxygen sensor. Ref.[4] reviewed the
work carried in the area of fuel air

control and presented a control inodcl that
takes into account the manifold wall
wetting and throttle - torque identification.
The model also deals with engine transient
operation. An adaptive engine control
system using burning rate as a feedback
signal for fuel air  ratio control was
presented in ref. [5].

Cylinder pressure sensor is used to control
the fuel air ratio in spark ignition eugincs.
In this system statistical methods were
applied to the detected peak pressurc and
crank angle position [06]. A nonlincar
control method for automotive {ucl
injection system was also presentcd in ref.

[7].

Representation of 3-D  mapping for
automotive control applications using
neural networks and fuzzy logie was
proposed [8]. Engine Control Unit(ECU)
using a 3-D mapping in a form of look up
tables to represent the nonlinear behavior
of the engine was presented. The major
disadvantages of a look up table
representation is the time taken to
determine the values it should contain for
optimal engine operation,

The aim of this paper is to develop tools
and techniques in fuzzy control with
applications to engine and ECU’s as a
mechatronies system. In the short term the
objective was to develop a fuzzy control
system based on previous knowledge base
to regulate engine earburetor jet that will
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enable the fuel air ratio to oscillate
about a desired value according to
cxhaust gas temperature.

FUZZY LOGIC
CONTROLLER

A generalized block diagram of fuzzy
logic controller is shown in figure (1).
This controller includes knowledge base
clemcnt, rule base element, crisp-fuzzy
interface input, inference engine, and
finally fuzzy-crisp interface output. The
design of a fuzzy controller begins with
the choice of linguistic variables (inputs,
output, process slates) followed by the
selcction of linguistic rules and fuzzy
inference process. Appropriate interfaces
may be nceded to interact with the
cnvironment [9].

The inference engine computes the
cffect of the rulcs in the rule basc under
the prevailing input(s). It selects the
implication operator (mostly Mamdani
or Larsen) and makcs the choice of the
fuzzy reasoning method and aggregation
of rules (sup/max, Takagi-Sugeno).The
design of the knowledge base [10] is
composed of;

-selection of scaling factors for
mapping the inputs

-choicc  of linguistic  variables
(usually: state, state error and its
dcrivative)

-dcfinition of the term sets for the
linguistic variables

-choice of “shapes, distribution and
parameters” of membership functions

The Design of the Rule base comprises
the choice of the source and the contents
of the set of rules such as:

-Modeling the knowledge of the
control engineer

-Modcling the human operator’s
actions and expcrience

-Fuzzy modeling of the controlled plant

-Data driven modeling (Leaming); rulc
based modeling

The fuzzy-crisp interface assigns a crisp
value to the aggregation of modified fuzzy
sets given by the evaluation of the rulcs.
This  process has been  called
“defuzzification”. As shown in figurc (2)
the most used method calculates the
abscissa of the center of gravity of the arca
of the fuzzy set resulting after aggregation
of the rules.

C = C(c) UCz(c), or
B (@)= max(p ¢(z), B c2(2)
Where;

Ci(c) is the area of aggregated
membership fuzzy function C,

weight pg,

CiA c) is the area of aggregated
membership  fuzzy  function
Caoweight pe

C is the area of membership fuzzy

function of union

peiand pez  arc weights of membership
functions C; and C;

then the crisp value assigned to the
aggregated fuzzy set is given by:
J=n

J=1 ZJ #C (ZJ )
J=n
Z saHc (Z,)
where;

p(Z) weight of union,
Z s the value of membership function,

*
Z ~
~

and

Z* is the crisp value of membership
function

EXPERIMENTAL STUDY

In order to obtain a relationship
knowledge base data between Fuel air
ratio or (@), exhaust temperature, and
exhaust emissions an experimental study
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has been carried out using a ford engine
test bed shown in figure (3). The engine
specification and  parameters  are
summarized in Table (1). The test bed is
equipped with measuring devices and
sensors  for speed, power output, air
flow rate, tuci flow rate and temperature
thermocouple for cooling water and
cxhaust gas temperatures. A PC data
acquisition system utilizing A Data
Acyuisition (DA/ADQ), Das-16060/1400
serics by KEITHLEY Instruments,
analog to digital converter (12 bit
AD/DAC) card was adopted.

A sample of engine exhaust gases was
fed to a gas analyzer (model] SUN SGA
9000} which accurately measures thc
carbon monoxide (Co%) and unburned
hydrocarbon (HC ppm) concentration.

Table 1 Engine parameters and

specifications
Bore diameter 80.98 mm
Stroke length 53.29 mm
r_ Engine capacity 1098 cc
Compression ratio 8.0:1
Specd range 1500-3000 rpm
% Maximum power 22 kw
Ol pressure 0-7 bar
[ Oil temperature 20-150 C°
Max. cooling water | 75 C°
temperature |

Expcerimental Results

The engine was tested after all
measuring devices were calibrated and
the engine reached the steady state
operation as specitied in the instruction
sheet [11]. The engine was tested at
constant speed and the carburetor main
jet oscillates to compensate the variation
of fucl flow rate.

The results obtained are shown in
figures (4,5). Figure (4) shows the
variation of carbon monoxide (Co%)
with the mixture equivalence ratio (1) at
constant speed full throttle and fixed
ignition timing. The results show an

increase in Co% with the rich mixture.
The exhaust temperature variation with
(®) at constant speed is also presented in
figure (5). Exhaust temperature increases
with both the increase of equivalent ratio
and the increase of engine specd.

PROPOSED CLOSED
LOOP FUZZY

CONTROLLER
Figure (6) shows a proposed closed loop
fuzzy logic system for fuel to air ratio
control systcm. In this system it is
convenient to represent fuel air ratio by
the equivalence ratio (¢)

_ Fuel [ A ir,

F uel / A lr(staichiometly )

actual )

In the fuel metcring actuator for the
engine control system inlet manifold
dynamics represent fast fuel flow in the
form of vapor or droplets, and slow fuel
flow in thc form of liquid film on the
manifold walls. To rcgulate the fuel flow
into the ecnginc cxhaust gas temperature at
specified speed werc used to define an
output equivalence ratio. The tempcraturc
sensor generates an  electrical signal,
which were  converted into  fuzzy
membership input functions. The fuzzy
scts showed in figure (7) were used in
fuzzy controller.

The first controller input is feedback
temperature error and the second
controller input is feedback rate of change
of temperature error as given in the
following equations

e'I'("-)=Tr'TF.l].
de,(t)
dt

=e(t)—e(t-1)

where;
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T, is set point reference temperature, width. The final sets of rules containcd in

Ten. is feedback Temperature, and the rules base is shown in Table (2)

Experimental adjustment of limits of

t  isacurrent time discrete sample memberships enable the response of thc
In order to write the control rules, three control system to be adopted to physical
fuzzy sets have been chosen for characteristic of the engine. An output
temperature error, and three fuzzy sets membership fuzzy sets illustrated in figure
for rate of change of error as shown in (7) were defuzzified to a crisp value of
tigure (7-1) and figure (7-2). The stepper motor pulse. Stepper motor pulses
fuzzified values for the outputs rules adjust main jet needle valve installed in
were classified into membership sets the fuel line to produce a desircd fuel
similar to the input values An output pulse.

functions illustrated in figure (7-3) was
uscd. This function was fuzzified to
crisp value of stepping motor pulse
width which proportional to fuel pulse

Table (2) Fuzzy Control Rules

A variable input sets ‘ s ‘A variable output sets
Error I | Rate of chang Stepping Motor Pulse
Low (L) Rising (R) | | Medium Pulse (MP)
Low (L) Slight change (SC) | Large Pulse(LP)
Low (L) i Very Large Pulse(VLP)
Medium M) Small Pulse(SP)
IF | Medium M) | AND | Slight change (SC) | THEN | Medium Pulse(MP)
Medium M) i Large Pulse(LP) a
High (H) | Rising (R) Very Small Pulse(VSP)
High (H) Slight change (SC) | Small Pulse(SP)
High (H) Falling (F) Small Pulse(SP)
DISCUSSIONS percentage. The rcason may be due to
nonlinear behavior of carburetor main jet
The performance of the engine running valve at conventional performance
with conventional carburetor  jet was which produce rich mixture at small
experimentally compared with that of throttling value, and weak mixture at

the engine using fuzzy logic control and
stepping motor as actuator. The

comparison was done at different engine
speeds of (2000, 2400, 2800, and CONCLUSIONS

large throttling.

3000rpm) versus different throttling Results from experimental and simulated
carburetor  jet valve of (20%, 40%, models have led to the following
60%, and 80% opening). The results are conclusions

shown in figure (8) to figure (11).
Results demonstrated improvements of
about 8% of engine performance. The
diffcrence in performance between the
conventional and fuzzy logic was
reduced with the increase of throttling

1-The exhaust emissions concentrations
are strongly affected by fuel air ratio
and have their minimum values at
stoichiometry. Operating with a ratio
greater than stoichiometry will cause
high carbon monoxide in the exhaust
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gascs, so fuel/air ratio needs to be
controlled around stoichiometric
value.

2-One of the most significant factor that
affect engine exhaust gas temperature
is fuel/air ratio and can be used to
indicate the concentration of CO%.

3-The variation in exhaust temperature is
correlated with fuel/air ratio through
a group of fuzzy rules and used to
control the engine needle jet valve.

4-Fuzzy logic is useful tool for use in
controlling fuel/air ratio. An about
8% improvement in output torque
was achieved compared with
conventional carburetor.
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Figure (6) Proposed fuel-air ratio fuzzy control loop
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