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an We, NissaN Motor COMPANY
LIMITED, a corporation organized under
the laws of Japan, of No. 2, Takaracho,
Kanagawa-ku, Yokohama City, Japan, do
5 hereby declare the invention, for which we
pray that a patent may be granted to us,
and the method by which it is to be per-
formed, to be particularly described in and
by the following statement:—

10 "The present invention relates to a closed-
loop mixture control system for a vehicle’s
internal combustion engine.

Closed-loop mixture control operation is
based upon a feedback signal derived from

15 an exhaust gas sensor which senses the
concentration of a predetermined con-
stituent gas of the exhaust emissions so as
to represent air-fuel ratio within the ex-
haust system of the engine. This sensor is

20 designed to produce a unipolar signal which
has a rapid transition in amplitude at
stoichiometry between zero voltage level
to a certain positive potential. However,
there is a certain type of exhaust gas sen-

25 sors which exhibit bipolar output charac-
teristics. Since the signal of the gas sensor
output must be processed in later stages to
develop a suitable control signal, the bi-
polar characteristic of the sensor signal

30 would necessitate the use of two storage
batteries, one of which is grounded at its
negative potential terminal and the other
of which is grounded at its positive potential
terminal, if such exhaust gas sensors are

35 employed in a motor vehicle. Since the
automotive vehicle is usually equipped with
a single source of DC voltage, the employ-
ment of the additional DC source is dis-
advantageous. o

40 The primary object of the invention is
to eliminate the aforesaid disadvantage by
deriving an offset voltage from a single DC
source and combining the offset voltage with
the exhaust gas sensor output to cancel

45 one of the opposite polarity voltages.

Specifically, there is provided a first voltage
divider connected across the terminals of
a vehicle storage battery to develop a volt-
age of positive polarity. A second voltage
divider is provided to scale down both the 50
positive polarity voltage of the first voltage
divider and the output voltage of the ex-
haust gas sensor and to provide summa-
tion of the scaled-down voltages. By the
summation of the two voltage signals, the 55
negative polarity swing of the exhaust gas
sensor is offset so that it provides only a
positive voltage signal. This permits only
a single source of DC potential to process
the exhaust gas sensor output in later stages 60
to derive a suitable feedback control signal.
According to the present invention, there
is provided a closed-loop mixture control
system for an internal combustion engine
in a motor vehicle including an exhaust gas 65
sensor disposed in the exhaust system of
the engine for sensing the concentration of
an exhaust composition, air-fuel supplying
means for supplying air and fuel to the
engine, the exhaust sensor being of the 70
type which generates a signal varying be-
tween a first polarity voltage level and a
second polarity voltage level depending
upon whether the sensed concentration is
above or below a predetermined value, and 75
means for deriving a control signal repre-
sentative of the deviation of air-fuel ratio
within said exhaust system, as represented
by the sensed concentration, from a desired .
air-fuel ratio for adjusting the air-fuel 80
supplying means, the vehicle including a
storage battery having first and second pol-
arity voltage terminals wherein the first
polarity voltage terminal is connected to
be used as a reference potential, wherein 85
the improvement comprises: a voltage
divider connected between the first and
second polarity terminals of the storage
battery to develop a voltage of the second
polarity; and means for providing summa- 90
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tion of the output of the voltage divider
and the output of the exhaust gas sensor
to offset the first polarity voltage of the ex-
haust gas sensor output, the output of the
summation means being connected to the
means for deriving the deviation represent-
ative signal.

The invention will be further described
with reference to the sole drawing in which

10 the closed-loop mixture control system

15

20

25

embodying the invention is illustrated.

In the sole drawing, the internal combus-
tion engine 10 is supplied with a mixture
of air and fuel at variable ratio from an
air-fuel metering device 11 such as elec-
tronic fuel injection nozzle in response to
a signal supplied from an integral and/or
proportional controller 12. The spent gases
from the engine 10 is exhausted through a
catalytic converter 13 to the atmosphere.
In the exhaust manifold of the engine is
provided an exhaust gas sensor 14 such as
oxygen sensor which generates a signal
representative of the concentration of oxy-
gen in the exhaust emissions. This sensor

- has a characteristic transition of output

30

35

45
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55

60

65

levels between, for example, a negative
voltage of 0.5 volts and a positive voltage
of 0.5 volts in response to the air-fuel ratio
corresponding to stoichiometry. Specific-
ally, when the air-fuel ratio within the ex-
haust manifold, as represented by the
sensed oxygen concentration, is below the
stoichiometric value (rich), the output signal
remains at the positive side and it goes to
the negative side when the mixture becomes
leaner than stoichiometry.

In order to compensate for the negative
voltage output of the exhaust gas sensor
14, there is provided a resistor network
comprising a first voltage divider 15 and
a second voltage divider 16. The first volt-
age divider 15 is formed by series-connected
resistors R1 and R2 which are connected
between ground and a positive terminal of
the vehicle’s storage battery 17 of which the
negative terminal is grounded, so that volt-
age V, is developed at the junction 18 with
respect to ground. The voltage divider 16
is formed by series connected resistors R3
and R4 which are in turn connected be-
tween the junction 18 and an output lead
of the exhaust gas sensor 14. The voltage
divider 16 is to scale down both voltage V,
and the exhaust gas sensor voltage by the
ratio of resistances R3 and R4 and provide
summation of the scaled-down voltages at
a junction 19 to develop a voltage V, there-
at with respect to ground. Each of the
resistances R3 and R4 is 10 to 100 times
greater than the resistance R2. The voltage
V, and the relative values of the resistors
R3 and R4 are so selected that voltage V;
varies in a range from zero to a certain
positive value for the full range of exhaust

gas sensor voltages. For instance, if R3=
R4 and V,=0.5 volts, voltage V; takes on
a value which varies in a range from zero
to +0.5 volts for the exhaust gas sensor
output ranging from —0.5 volts to +0.5
volts.

The exhaust gas sensor output thus
varies in a positive range, and is applied to
the noninverting input terminal of an
operational amplifier 20 whose inverting
input terminal is connected to a junction
between resistors R5 and R6 coupled in a
series circuit between ground and the out-
put terminal of the operational amplifier
20. The amplifier 20 arranged in this circuit
configuration operates as a DC buffer
amplifier so that the ouput of the amplifier
20 is an amplified positive excursion of the
exhaust gas sensor output.

The output of the amplifier 20 is applied
on the one hand through an averaging cir-
cuit 21 formed by series-connected resistor
R7 and capacitor C and via resistor R9 to
the noninverting input terminal of a differ-
ential amplifier 22 and on the other hand
via a resistor R8 to the inverting input
thereof. The averaging circuit 21 provides
integration of the input signal with respect
to time and develops a voltage across the
capacitor C to represent a mean value of
the positive excursion of the exhaust gas
sensor 14. The resistance R7 and capaci-
tance C are so selected that the mean value
of the positive excursion corresponds to one
half of the maximum positive peak value
of the output of amplifier 20. This time-
integral mean value is used as a reference
level to represent the desired air-fuel ratio
with which the voltage at the inverting input
of differential amplifier 22 is compared to
derive a signal representing the deviatiocn
of the air-fuel ratio within the exhaust
manifold from the desired air-fuel ratio.
The deviation representation signal is then
supplied to the controller 12 where the
amplitude of the input signal is modified
in such manner as to minimize the average
error of the closed-loop controlled air-fuel
ratio and/or minimize the time delay error
of the controlled air-fuel ratio.

In cases where the storage battery 17 is
grounded at its positive terminal, the output
leads of the exhaust gas sensor 14 should
be reversed to each other to provide a nega-
tive voltage excursion at the output of
amplifier 20.

WHAT WE CLAIM IS: ,

1. A closed-loop mixture control system
for an internal combustion engine in a
motor vehicle including an exhaust gas
sensor disposed in the exhaust system of the
engine for sensing the concentration of an
exhaust composition, air-fuel supplying
means for supplying air and fue! to said
engine, said exhaust gas sensor being of the
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type which generates a signal varying be-
tween a first polarity voltage level and a
second polarity voltage level depending
upon whether the sensed concentration is
above or below a predetermined value, and
means for deriving a control signal repre-
sentative of the deviation of air-fuel ratio
within said exhaust system, as represented
by the sensed concentration, from a desired

10 air-fuel ratio for adjusting said air-fuel

15

20

supplying means, said vehicle including a
storage battery having first and second pol-
arity voltage terminals wherein the first
polarity voltage terminal is connected to be
used as a reference potential, wherein the
improvement comprises:

a voltage divider connected between the
first and second polarity terminals of said
storage battery to develop a voltage of the
second polarity; and

means for providing summation of the
output of said voltage divider and the output
of said exhaust gas sensor to offset the first
polarity voltage of the exhaust gas sensor

25 output, the output of the summation means

30

being connected to said means for deriving
the deviation representative signal.

2. A closed-loop mixture control system
as claimed in Claim 1, wherein said voltage
divider comprises a first and a second
resistor connected in a series circuit be-

tween said terminals of the storage battery,
and said summation means comprises a
third and a fourth resistor connected in a
series circuit between said exhaust gas
sensor and the junction of said first and
second resistors, the voltage at the junc-
tion of said third and fourth resistors being
applied to said means for deriving the
deviation representative signal.

3. A closed-loop mixture control system
as claimed in Claim 1, wherein said means
for deriving the deviation representative
signal comprises an averaging circuit for
generating a signal representative of a mean
value of the varying amplitudes of the out-
put from said summation means and a
differential amplifier having first and second
input terminals a first input terminal con-
nected to be responsive to the output from
said summation means and a second input
terminal connected to be responsive to the
output from said averaging circuit.

4. A closed-loop mixture control system
constructed and arranged substantially as
described herein with reference to the
accompanying drawings.

MARKS & CLERK
Chartered Patent Agents
57-60 Lincolns Inn Fields,

London, WC2A 3LS.
Agents for the applicants.

35

40

45

50

55

Printed for Her Majesty’s Stationery Office by The Tweeddale Press Ltd., Berwick-upon-Tweed, 1980.

Published at the Patent Office,

25

Southampton Buildings,

may be obtained.

London, WC2A 1AY, from which copies



COMPLETE SPECIFICATION

1577204
1 SHEET
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the Original on a reduced scale
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