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[57] ABSTRACT

An air-pollution preventive system to be used in combi-
nation with an automotive internal combustion engine
having a carburettor with idle and low-speed circuit,
which system comprises a decleration circuit to supply,
independently of the idle and low-speed circuit, an air-
fuel mixture to the engine in an amount and mixture
ratio that are suited for the engine operation during de-
celeration, the deceleration circuit being closed and
opened by valve means which is controlled upon vari-
ous driving conditions of the motor vehicle particularly
upon vehicle speeds, angular positions of the throttle
valve (or motions of the accelerator pedal), positions
of the clutch pedal, vacuums in the intake manifold of
the engine, or combinations of two or more of these
variables.

1 Claim, 18 Drawing Figures
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APPARATUS FOR REDUCING HYDROCARBON
CONTENT OF EXHAUST GASES DURING
DECELERATION

This application is a continuation of application Ser.
No. 7,005, filed Jan. 28, 1970, and now abandoned.

This invention relates to a vehicular air-poliution pre-
ventive system for use with an automotive gasoline-
powered internal combustion engine and, more partic-
ularly, to an air-pollution preventive system to be com-
bined with an automative internal combustion engine
having an idle and low-speed circuit, which system is
adapted to reduce the concentration of the unburned
content of the exhaust gases emitted from the engine
during deceleration.

During deceleration of the motor vehicle when the
throttle valve of the carburettor is substantially closed,
the flow of air-fuel mixture is practically shut off at the
throttle valve to cause the vacuum in the intake mani-
fold to rise abruptly. An additional mixture circuit,
called the idle and low-speed circuit, is therefore pro-
vided to supply an air-fuel mixture to the engine during
deceleration and an amount and mixture ratio that are
predetermined. The amount and mixture ratio of the
air-fuel mixture are usually determined to suit the
idling operation of the engine. The engine is thus sup-
plied during deceleration with an air-fuel mixture
which is calibrated to enable the engine to operate sat-
isfactorily during the idling, not the decelerating, oper-
ation, This is reflected by degraded combustion effi-
ciency and misfiring in the combustion chamber of the
engine during deceleration so that a certain amount of
unburned content which is largely hydrocarbons is
emitted from the engine to the open air.

To solve the vehicular air-pollution problem to be
traced to such emission of unburned toxic content of
engine exhaust gases, the air-pollution system proposed
by this invention is constructed and arranged in such a
manner that an air-fuel mixture of optimum amount
and mixture ratio is fed during deceleration to the en-
gine through a mixture circuit which is independent
from the idle and low-speed circuit. The independent
mixture circuit is herein referred to as ‘“deceleration
circuit” because it is operable only during deceleration.

It is thus an object of the invention to provide a ve-
hicular air-pollution preventive system for use with an
automotive internal combustion engine to reduce the
concentration of unburned content of the engine ex-
haust gases emitted during deceleration.

It is another object of the invention to provide an air-
pollution preventive system to be combined with an au-
tomotive internal combustion engine to supply the en-
gine with an air-fuel mixture of an amount and mixture
ratio that are specifically suited for the deceleration in
addition to the air-fuel mixture fed to the engine
through the existing idle and low-speed circuit.

In order to achieve these objects, the air-pollution
preventive system according to the invention is con-
trolled on the vehicle speeds, intake manifold vacuums,
or combination of the two. Where the vehicle speed, in
paricular, is to be utilized, it may be represented by a
selected gear ratio or, more specifically, by the position
of the speed selector lever if the timing system is used
together with a manually controlled transmission sys-
tem and by the hydraulic pressures applied to the front
and rear clutches if the system is used with an auto-
matic transmission system,
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In the drawings:

FIGS. 1 and 2 show as typical examples the variations
of the concentration of unburned hydrocarbons in the
engine exhaust gases in terms of the mixture ratio of an
air-fuel mixture during deceleration and during vehicle
operations excepting the deceleration, respectively;

FIG. 3 shows also as a typical example the variations
of the concentration of unburned hydrocarbons in the
engine exhaust gases in terms of the amount of an air-
fuel mixture to be supplied to the engine during decel-
eration;

FIG. 4 is a sectional view of an embodiment of the
air-pollution preventive system according to the inven-
tion;

FIG. § is a schematic view showing a preferred ar-
rangement of control means for use in the system illus-
trated in FIG. 4, the control means being operative re-
sponsive to changes in the vehicle speed;

FIG. 6 is a sectional view showing, on an enlarged
scale, a preferred construction of combined detector
and switch means for use in the control means of FIG.
5;

FIG. 7 is a schematic view similar to FIG. § but show-
ing a modified form of the control means;

FIG. 8 is a schematic view similar to FIG. § but show-
ing a modification of the control means, which is opera-
tive responsive to not only the changes in the vehicle
speed but angular positions of the throttle valve of the
carburettor;

FIG. 9 is a sectional view showing, on an enlarged
scale, the detailed arrangement of the combined throt-
tle detector and switch means used in the control
means of FIG. 8;

FIG. 10 is a schematic view showing a modified form
of the combined detecting and switch means for use in
the control means of FIG. 9, the detecting and switch
means being responsive to the motion of an accelerator
pedal;

FIG. 11 is a view showing the detailed arrangement
of the detecting and switch means of FIG. 9, which ar-
rangement is also applicable to the control means of
FIG. 7,

FIGS. 12 and 13 are sectional views showing pre-
ferred constructions of speed detector means to be
used in the control means of FIG. 8,

FIGS. 14 and 15 are sectional views showing, on an
enlarged scale, preferred constructions of switch means
for use in the detector and switch means of FIGS. 6 and
7, the switch means being also applicable, as they are,
to some of the modified control means to be illustrated
in the subsequent figures;

FIG. 16 is similar to FIG. § but shows a still another
modification of the control means, which is operative
responsive to both the changes in the vehicle speed and
the motion of a clutch pedal;

FIG. 17 is also similar to FIG. § but shows a still an-
other modification of the control means, which is oper-
ative responsve to the changes in the vehicle speed, an-
gular position responsive the throttle valve and motion
of the clutch pedal; and

FIG. 18 is similar to FIG. 4 but shows a modified em-
bodiment of the system according to the invention.

The concentration of unburned hydrocarbons in the
exhaust gases, as is well known, varies markedly with
the mixture ratio of an air-fuel mixture to be fed to the
engine during deceleration from either high speed or
low speed driving, a typical graphical representation
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being illustrated in FIG. 1. It will be observed from FIG.
1 that a range of air-fuel mixture ratio does exist in
which the concentration of unburned hydrocarbons is
reduced significantly. The range may preferably be be-
tween about 12:1 to 13:1.

It is, on the other hand, also known that the concen-
tration of unburned hydrocarbons decreases as the air-
fuel mixture supplied to the engine becomes leaner,
i.e., the mixture ratio becomes greater during the oper-
ations except for deceleration. This will be ascertained
from the illustration of FIG. 2 which shows the varia-
tion of the aggregated amount of unburned hydrocar-
bons emitted with air-fuel mixtures of different mixture
ratios supplied to the engine. The idle and low-speed
circuit in a conventional carburettor is, for this very
reason, arranged to supply the engine with an air-fuel
mixture of 10:1 to 14:1 mixture ratio during idling and
deceleration.

It is thus apparent that the concentration of hydro-
carbons remaining unburned in the exhaust gases will
be reduced throughout the varying driving conditions
of the motor vehicle if the engine is supplied with a
richer air-fuel mixture during deceleration.

Another important factor affecting the emission of
unburned hydrocarbons is, as seen .in FIG. 3, the
amount of air-fuel mixture to be supplied to the engine.
During deceleration when the throttle valve of the car-
burettor is substantially closed with the engine still op-
erating at a high speed, a decreased amount of air-fuel
mixture is drawn to the combustion engine and, on top
of this, the mixture drawn to the combustion chamber
is leaned out with the exhaust gases, impairing the igni-
tion efficiency. This is a major cause of the imcomplete
combustion and misfiring as experienced during decel-
eration. Thus, it will be advantageous for reducing the
concentration of unburned hydrocarbons in the ex-
haust gases to have the engine supplied with an in-
creased amount of air-fuel mixture during deceleration.

With these in mind, the invention proposes to pro-
vide an additional mixture circuit in the carburettor
having, as customary, an idle and low-speed circuit,
whereby an additional richer air-fuel mixture is sup-
plied to the engine during deceleration.

FIG. 4 illustrates a preferred embodiment of the sys-
tem according to the invention to achieve such an end.

The air-pollution system of the invention is, as
shown, used in combination with a carburettor of
known construction. The carburettor, which is gener-
ally denoted by numeral 10, has a throttle valve 11 and
idle and low-speed mixture circuit 12, The throttle
valve 11 is mounted on a rotary shaft 11a and is herein
shown as substantially closed to effect the deceleration
of the motor vehicle. The idle and low-speed mixture
circuit 12, which is led from a float bowl 13 although
not so illustrated, is opened into the throttle chamber
14 through a slow port 15 and idle port 16. Designated
by numeral 17 is an idle adjustment screw for adjusting
the flow of air-fuel mixture through the idle port 16.

According to the invention, an additional decelera-
tion circuit 18 is provided leading from the float bowl
13 and opened into the throttle chamber 14 through a
deceleration port 19 which is shown, by way of exam-
ple, to be located intermediate between the slow port
15 and the idle port 16. An atomizer 20 is provided in
the deceleration circuit 18 immediately downstream of
the float bowl 13. The atomizer 20 has formed at its
bottom a jet nozzle 20a and at its top a first air bleed
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20b having an air vent 20c vented from the atmosphere.
Downstream of the first air bleed 20b is provided a sec-
ond air bleed 21 having an air vent 21a which is also
vented from the atmosphere.

The flow of air-fuel mixture through the deceleration
circuit 18 is controlled by a solenoid valve assembly 22.
The solenoid valve assembly 22 has a valve head 224
which extends movably into the deceleration circuit 18
downstream of the second air bleed 21 and upstream
of the deceleration port 19. The valve head 224 is usu-
ally held in a protruded position by the action of a com-
pression spring 22b to keep the deceleration circuit 18
closed. The solenoid valve assembly 22 also has, as
usual, a solenoid coil 22¢ and core 224. The core 22d
is shown, by way of example, to be integral with the
valve head 22a. The solenoid coil 22¢, when excited,
forces the core 22d in a direction in which the valve
head 22a retracts from the deceleration circuit 18
against the action of the compression spring 22b. The
solenoid coil 22c¢ is electrically connected through lines
A and B with control means of the construction to be
described later and is excited only when the motor ve-
hicle slows down.

The first and second air bleeds 205 and 21, respec-
tively, are so calibrated as to pass air from the atmo-
sphere at desired flow rates and the jet nozzle 20a to
pass liquid fuel from the float bowl 13 at a desired rate,
so that an air-fuel mixture in desired amount and mix-
ture ratio can be delivered to the engine through the
deceleration circuit 18. '

With the deceleration circuit 18 and solenoid valve
assembly 22 thus constructed and arranged, the valve
head 22a is normally held in a position to close the de-
celeration circuit 18 with the solenoid coil 22¢ kept un-
excited, thereby shutting off the flow of air-fuel mixture
through the deceleration circuit 18. When, however,
the solenoid coil 22¢ becomes excited through a line A
in response to the deceleration of the motor vehicle,
then the valve head 22a is moved against the action of
the spring 225 in a direction to open the deceleration
circuit 18, thus permitting the air-fuel mixture to be
pulled by the vacuum in the intake manifold (not
shown) over to the throttle chamber 14 through the de-
celeration port 19.

The control means to excite and unexcite the sole-
noid coil 22¢ may be constructed and arranged in dif-
ferent manners depending upon the control factors se-
lected to govern the timings of the air-fuel mixture
being delivered to the engine through the deceleration
circuit 18,

Although a variety of control factors may be conceiv-
able, the invention proposes to use, as preferable, any

- of vehicle speeds, intake manifold vacuums, angular

positions of the throttle valve or combinations of these.

Where the vehicle speed, in particular, is to be uti-
lized, it may be preferable to have the control means
constructed to be responsive to vehicle speeds within
a predetermined range in which the motor vehicle
slows down. If, in this instance, the air-pollution pre-
ventive system according to the invention is to be used
together with an automatic transmission system, the
control means may be controlled either by the fluid
pressure in the hydraulic circuits in the transmission
system or by electrically detecting the speeds selected
by the transmission system, If, on the other hand, trans-
mission system is of manually operated type, the vehi-
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cle speed will be indexed as the positions of the clutch
pedal and of the fork rod in the power train.

FIG. 5 illustrates a preferred example of the arrange-
ment of such control means for use with an automatic
transmission system which is sketchily indicated by nu-
meral 30. The control means as used in this arrange-
ment is constructed essentially as a combined speed de-
tector and switch means 31 of which construction is to
be described and shown later.

The control means is electrically connected at one
terminal with the line A connected with the solenoid
coil 22¢ and at the other with a power source 32 prefer-
ably through an ignition switch 33 and fuse 34.

The concentration of unburned hydrocarbons in the
engine exhaust gases is higher during deceleration from
high speeds than from low speeds, as will be understood
from the plots of FIGS. 1 and 3. Since higher gear ratios
are usually selected during the high speed driving, it
will be beneficial for the reduction of the concentration
of unburned hydrocarbons to have the solenoid valve
assembly 22 actuated especially in the deceleration
from high speed driving. It is desirable for this very rea-
son that the combined detector and switch means be
constructed in a manner to excite the solenoid valve as-
sembly only when the motor vehicle is decelerated
from higher speeds, for example, from the third or
fourth driving speed in a four-shift transmission system
or from the third driving speed in a three-shift transmis-
sion system.

The combined detector and switch means to achieve
this purpose may be operated in accordance with
changes in the fluid pressures in the hydraulic control
circuit of the transmission system. The fluid pressures
occurring at the actuating elements of the brakes and
clutches of automatic transmission system are known
to vary with the speed range as tabulated in Table 1. In
Table 1, the sign “o” refers to an occurrence of fluid
pressure ranging between 3 and 10 kg cm? and the sign
“x" to an occurrence of fluid pressure lower than 0.5
kg/em?,

TABLE 1
Front Rear

Speed Range Clutch Piston Clutch Piston
Parking X X
Reverse [} X
Neutral X X

3rd o o
Drive 2nd 3 o

ist X o

In order to detect the third driving speed selected,
therefore, the combined speed detector and switch
means may be constructed in such a manner as to be
responsive to changes in the fluid pressures carried to
the front and rear clutch pistons.

For this purpose, the combined speed detector and
switch means 31 may be made up of two switch ele-
ments 35 and 36 connected in series with each other.
The switch elements 35 and 36, herein termed the front
and rear clutch piston switches, respectively, are con-
structed similarly to each other and, hence, only one of
them is illustrated in FIG. 6.

Referring to FIG. 6, the front clutch piston switch el-
ement 35 has two chambers 37 and 38 which are sepa-
rated from each other by a diaphragm member 39. The
chamber 37 is an atmospheric chamber which is vented
to the open air through an aperture 40 while the cham-
ber 36 is a fluid chamber which communicates with the
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piston chamber of the front clutch piston (not shown)
through a conduit 41. A moving member 42, which is
made of an insulating material, is mounted on the dia-
phragm member 39 and extends into the atmospheric
chamber 37. The moving member 42 is connected at its
leading end with a moving contact 43 of conductive
material, which moving contact 43 is, in turn, con-
nected at its opposite end with an insulating member

"44, as shown. The diaphragm member 39 is usually

forced toward the fluid chamber 38 by the action of a
compression spring 45. The switch element 3§ also has
a pair of stationary contacts 46 and 47 connected with
lead wires 46a and 47a. The stationary contacts 46 and
47 are positioned in such a manner that they are usually
in an abutting engagement with the insulating member
44 when the diaphragm member 39 is forced toward
the fluid chamber 38 overpowering the fluid pressure
present in the fluid chamber 38. Thus, the lead wires
46a and 47a are usually kept disconnected from each
other to maintain the solenoid coil 22¢ (FIG. 4) deen-
ergized. When, however, an increased fluid pressure is
carried into the fluid chamber 38, then the diaphragm
member 39 is moved against the action of the compres-
sion spring 45 toward the atmospheric chamber 37 so
that the moving contact 43 integral with the moving
member 42 is brought into a position in which it is
seized by the stationary contacts 46 and 47. The lead
wires 46a and 47a are thus interconnected with each
other and as the consequence the solenoid coil 22¢ of
the solenoid valve assembly 22 is excited.

The rear clutch piston switch element 36 is con-
structed and arranged entirely similarly to the front
clutch piston switch element 37 except that the fluid
pressure communicates with the piston chamber of the
rear clutch piston (not shown) and, hence, discussion
of construction and operation is herein omitted.

With the front and rear clutch piston switch elements
36 and 37 combined in series with each other, “ON"
and “OFF” signals representing the high and low fluid
pressures, respectively, are made available as shown in
table 2.

Table 2

Clutch Piston

Switch Elements Combination of

‘Speed Range Front Rear Two Elements
Parking OFF OFF OFF
Reverse ON OFF OFF
Neutral OFF OFF OFF

3rd ON ON ON
Drive 2nd OFF ON OFF

1st OFF ON OFF

It will be appreciated from the above Table that the
combined speed detector and switch means 31 made
up of the front and rear clutch piston switch elements
35 and 36 constructed as discussed above can be closed
and the solenoid valve assembly 22 actuated only when
the third driving speed is detected by the means 31,
The concentration of the unburned hydrocarbons in
the exhaust gases emitted from the engine during decel-
eration can be thus reduced significantly as already dis-
cussed with reference to FIG. 4,

By the control means thus constructed, the solenoid
valve assembly 22 will be actuated also during acceler-
ation and normal cruising. The throttle valve 11 of the
carburettor 10 in this instance is partly open to permit
the passage of air-fuel mixture therethrough and the
vacuum in the intake manifold is far lower than the vac-
uum built up during deceleration. The amount of air-
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fuel mixture to be drawn to the engine through the de-
celeration circuit is practically negligible as compared
with the amounts of air-fuel mixtures to be supplied
through the main supply passage and idle and low-
speed circuit of the carburettor.

As an alternative to the combined speed detector and
switch means 31, the control means may be con-
structed as a switch of the nature which is responsive
to the vehicle speed detected electrically from the out-
put shaft of the transmission system, an example being
illustrated in FIG. 7.

In FIG. 7, the switch of such nature is generally indi-
cated by numeral 50 which is shown to be combined
with a transmission system 30a. The transmission sys-
tem 30a to which the switch 50 is to be applied may be
either automatic or manually controlled type.

The switch 50 per se may be constructed and ar-
ranged in some suitable manners inasmuch as the intent
of operating on predetermined vehicle speeds is main-
tained and the construction arrangement as shown and
described is presented solely for illustrative purposes.

The switch 50 as shown has a vehicle speed detector
51 which is connected with an operated by a vehicle
speed sensor 52 through a speed meter cable 53. The
speed sensor 52 is so arranged as to constantly supply
the speed detector 51 with a voltage corresponding to
the vehicle speed selected in the transmission system
30a. The speed detector §1 is connected to a relay
switch 54. The relay switch 54 is constructed in a man-
ner to remain open normally and to be closed once the
voltage which the speed detector 51 receives from the
speed sensor 52 of the transmission system exceeds a
predetermined level, say about 20 km/hr. for example.
Designated by nuineral 55 is a speed meter which visu-
ally displays the speed selected in the transmission sys-
tem 30a. :

The switch 50 thus constructed, the control means in
this arrangenent acts to keep the solenoid coil 22¢ of
the solenoid valve assembly 22 (FIG. 4) when the vehi-
cle is driven at a speed higher than the predetermined
level of 20 km/hr., for example, so that an air-fuel mix-
ture is continuously supplied to the engine through the
deceleration circuit. When, therefore, the motor vehi-
cle starts to slow down with the carburettor throttle
valve 11 kept substantially closed, the engine can still
receive an air-fuel mixture of an amount and :nixture
ratio that are determined to best suit the deceleration
of the inotor vehicle, as previously discussed. In this ex-
aimple, too, an air-fuel ratio is invariably supplied to the
engine through the deceleration circuit during acceler-
ation and norinal cruising of the inotor vehicle. The
anount of the air-fuel inixture to be passed through the
deceleration circuit is practically negligible for the
saimne reason as ;nentioned in connection with FIG. §.

In operations at a vehicle speed lower than the prede-

termined level (20 ki/hr. for example) including the -

parking or standing, the relay switch 51 remains open
so that the solenoid valve assembly 22 is maintained in-
operative; the engine operation at idle is as the conse-
quence performed in a manner entirely similar to the
conventional carburettors.

FIG. 8 illustrates another example of the control
means for use in the air-pollution preventive system ac-
cording to the invention. The control means as shown
is constructed as the combination of a vehicle speed de-
tector and switch means and a throttle detector and
switch means cooperating with the former.
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The vehicle speed detector and switch means may be
constructed entirely similarly to the corresponding
means used in the control means of FIGS. § and 7 and,
hence, detailed description on the construction and op-
eration thereof are herein omitted. Where the speed
detector and switch means is constructed similar to
means 31, then it will be operative only when the front
and rear clutch piston switch elements 35 and 36, re-
spectively, thereof are closed concurrently with the
third driving speed selected in the transmission system.
Where, on the other hand, it is desired to use the switch
50 used in the control means of FIG. 7, then the speed
detector and switch means will be operative only when
the vehicle speed is in excess of a predetermined level
of, for instance, 20 km/hr.

The throttle detector and switch means to be used in
the control means of FIG. 8, on the other hand, is elec-
trically connected in series with the speed detector and
switch means thus constructed and operates on the an-
gular positions of the throttle valve 11 of the carburet-
tor 10. The detailed construction of this throttle detec-
tor and switch means is illustrated in FIG. 9.

Referring to FIG. 9, the throttle detector and switch
means has a switch element 60 which is controlled in
accordance with the angular position of the throttle
valve 11 through an-arm 61 secured at one end to the
rotary shaft 11a of the throttle valve 11. The switch ele-
ment 60 may be constructed in different manners inso-
much as it is closed at full-throttle (during decelera-
tion) and open at part- or open-throttle (during opera-
tions excepting deceleration). _

It will be appreciated that the control means consti-
tuted by these vehicle speed detector and switch means
and throttle detector and switch means is operable
when, and only when, the two means connected in se-
ries are made concurrently operative and consequently
that the solenoid valve assembly 22 (FIG. §) is actuated
only when the vehicle speed is limited within a prede-
termined range or in excess of a predetermined lower
limit and when the carburettor throttle valve is substan-
tially closed. If at least either of the two means remains
inoperative, then the solenoid valve assembly 22 is kept
at rest so that no air-fuel mixture is passed over to the
engine through the deceleration circuit. When the
motor vehicle is operating at idle, for example, the
throttle detector and switch means is kept operative
with the throttle valve virtually closed but gear ratios
are selected in the transmission system to provide the
parking or neutral range or the first speed of the driving
range (i.e., not the third driving speed) so that the
speed detector and switch means is kept inoperative,
thereby keeping the solenoid valve assembly 22 unex-
cited. When, on the other hand. the throttle valve is
partly or fully open to effect the normal cruising or ac-
celeration, then the throttle detector and switch means
remains inoperative, also keeping the solenoid valve
assembly 22 at rest.

The deceleration of the motor vehicle may be, if pre-
ferred, detected through utilization of the positions of
the accelerator pedal in lieu of the throttle valve, since
the angular position of the throttle valve follows the
motion of the accelerator pedal,

As shown in FIG. 10, the accelerator pedal which is
represented by numeral 62 is connected with an accel-
erator wire 63. A sector drum 64 is securely mounted
on and rotated with the rotary shaft 11a of the throttle
valve 11 and is operatively connected with the acceler-
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ator pedal 62 through the accelerator wire 63. The
throttle valve 11 is herein shown as substantially
closed. i

The sector drum 64 rotating complete with the rotary
shaft 11a of the throttle valve 11, the throttle valve 11
is substantially closed when the accelerator pedal 62 is
released. When, however, the accelerator pedal 62 is
depressed and moved in the direction of the arrow g,
then the accelerator wire 63 is pulled in the direction
of arrow b and the sector drum 64 and accordingly the
throttle valve 11 are rotated in the direction of arrow
¢ to increase the effective throttle area. Thus, the angu-
lar positions of the throttle valve 11 are dictated by the
motion of the accelerator pedal and, for this reason, the
deceleration of the motor vehicle can be detected from
the motion of the accelerator pedal, if a suitable detec-
tor and switch means is used.

Such detector and switch means may be constructed
in different manners as far as the same is capable of de-
tecting the displacement in a predetermined range and,
hence, the switch element 60 used in the throttle detec-
tor and switch means shown in FIG. 9 may be utilized
as it is. FIG. 11 illustrates an example of such detector
and switch means using the switch element 60 to detect
the displacement of the accelerator pedal 62.

Where, now, a transmission system of manually oper-
ated type is to be used with the air-pollution preventive
system according to the invention, the detection of the
speeds selected in the transmission system may be ef-
fected with use of modified forms of speed detector and
switch means which are illustrated in FIGS. 12 and 13.

In FIG. 12, the transmission system, which is herein
shown in its neutral position, has a fork rod 65 which
is operatively connected through a striking rod 66 to a
speed selector lever 67, as customary. The fork rod 66
is also connected securely to a shifting rod 68 to selec-
tively couple and uncouple the transmission gears (not
numbered) through a coupling sleeve 69 as the striking
rod 66 is moved back and forth by the selector lever 67,

The speed selected in the transmission system having
such elements is detected by a combined speed detec-
tor and switch means 70 and, if the transmission system
is of four-shift type, two different recesses 71 and 72
formed in the peripheral wall of the fork rod 65 at loca-
tions suited to detect the third and fourth driving
speeds, respectively, selected. Where a three-shift
transmission system is to be used, only one recess may
suffice to detect the third driving speed as indicated at
71 in FIG. 13.

The speed detector and switch means 70 is, as will be
described in detail, constructed in a manner to detect
the movement of the fork rod 65 through mechanical
engagement with the recess 71 or recesses 71 and 72
and to become operative when the recess or recesses
are seized thereby.

Now, FIGS. 14 and 15 illustrate practical examples
of switch elements to be used, as preferable, for detect-
ing the angular position of the throttle valve or dis-
placement of the accelerator pedal (as by the switch
element 60 in FIGS. 10 and 11) or the recess or reces-
ses in the fork rod (FIGS. 12 and 13), as the case may
be.

First referring to FIG. 14, the switch element which
is generally represented by numeral 80 has a moving
member 81 made of an insulating material and project-
ing outwardly toward a moving object M which is actu-
ally the arm 61 connected with the throttle valve 11
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(FIG. 9), accelerator pedal 62 (FIG. 10) or fork rod 65
(FIGS. 12 and 13). The moving member 81 is securely
connected at its innermost end with a moving contact
82 which is electrically conductive. The moving con-
tact 82, in turn, is connected at its end opposite to the
moving contact 81 with an insulating member 83, as
shown. A compression spring 84 with fixed end is posi-
tioned behind the insulating member 83 in a manner to
force the moving contact 82 and moving member 81
toward the moving object M as indicated by a dotted
line. The switch element 80 also has a pair of stationary
contacts 85 and 86 connected with lead wires 854 and
86a. The stationary contacts 85 and 86 are positioned
in such a manner that they are usually in abutting en-
gagement with the moving member 81 by the action of
the compression spring 84. The lead wires 854 and 864
are usually disconnected from each other so that the
solenoid coil 22¢ (FIG. 4) is kept unexcited. When,
however, the moving object M moves toward the lead-
ing tip of the moving member 81, then the moving con-
tact 82 is moved against the action of the spring 84 in
a direction opposite to the moving object M. The result
is that the moving contact 81 is brought into abutting
engagement with the stationary contacts 85 and 86 to
connect the lead wires 85a and 86a with each other.
The solenoid coil 22 of the solenoid valve assembly 22
(FIG. 4) is thereby excited and an air-fuel mixture is
permitted to pass into the combustion chamber
through the deceleration circuit.

Another form of the switch element is illustrated in
FIG. 15, in which the switch element is generally de-
noted by numeral 80a.

The switch element is essentially similar in construc-
tion and function to the switch element 80 and as such
like numerals are allocated to corresponding parts, Dif-
ferent from the switch element 80, the switch element
80a has its stationary contacts 87 and 88 located in a
manner that one stationary contact which may be 87 is
usually located on the moving member 81 and the
other contact which may be 88 on the insulating mem-
ber 83 both by the action of the compression spring 84.

When, now, the moving object M approaches and
hits the moving member 81, then the moving contact
81 is moved and brought into contact with the station-
ary contact 88, In this state, the stationary contact 87
is still abutting to the insulating member 83 so that the
lead wires 87a and 88a remain disconnected from each
other. As the moving member 81 is further retracted by
the moving object M, the moving contact 82 is now
permitted to contact the stationary contact 88. The
lead wires 87a and 884 are thus connected with each
other.

The swtich element 80 (FIG. 11) is suited to be
closed when the moving object M has moved beyond
a predetermined limit while the switch element 80a
(FIG. 12) to be closed when the displacement of the
moving object M is limited within a predetermined
range.

Deceleration of the motor vehicle may be detected,

_ if preferred, from the motion of a clutch pedal 89, as

illustrated in FIG. 16.

Referring to FIG. 16, the control means of the air-
pollution system is comprised by a speed detector. and
switch means 31 and a clutch position detector and
switch means 90, The means 31 may be constructed in
manners previously described with reference to FIGS.
5, 7 12 and 13. The means 31 and 90 are electrically
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connected in series with each other so that the solenoid
valve assembly 22 is controlled not only on the vehicle
speeds but on the position of the clutch pedal 89.

The clutch position detector and switch means 90
may preferably be constructed as the described switch
element 80 or 80a and is arranged to be closed when
the clutch pedal 89 is kept released.

If the speed detector and switch means 31 is arranged

in such a manner as to become operative when the
third or fourth driving speed is selected (in a four-shift
transmission system), then the solenoid valve assembly
22 will be excited not only during deceleration but dur-
ing acceleration and normal cruising with the switch
element of the means 90 closed. Since, however, the
throttle valve of the carburettor is at least partly open
in this instance, the vacuum in the intake manifold is
lower than that during deceleration so that the amount
of air-fuel mixture to be supplied to the engine is
smaller than that during deceleration. As previously
pointed out, the amount of the air-fuel mixture to be
passed through the deceleration circuit is practically
negligible as compared with the amount of mixtures to
be supplied to the engine through the main supply pas-
sage and idle and low-speed circuit during decelera-
tion. :
When the engine is at idle with the transmission gears
shifted to the third or fourth driving speed and with the
clutch pedal depressed, the switch element of the
clutch position detector and switch means 90 is kept
open so that the solenoid valve assembly 22 is unex-
cited. Thus, the air-fuel mixture is not passed through
the deceleration circuit and the engine receive through
the idle and low-speed circuit an air-fuel mixture in an
amount and mixture ratio suited for the idling.

FIG. 17 illustrates an example of the control means
in which the control means of FIG. 16 is further com-
bined with the throttle detector and switch means
which has been already described with reference to
FIGS. 8 and 9.

In this control means, the combined speed detector
and switch means 31 may be constituted as a switch el-
ement which is so constructed as to be open only when
the speed selector lever 67 of the transmission system
is in neutral position and closed when the selector lever
is held in the remaining positions. An example of such
switch element is apparently the switch element 70
used in the control means of FIG. 13.

The clutch position detector and switch means 90 is,
similarly to the corresponding means used in FIG. 16,
constituted by the switch element 80 or 80a and is kept
closed when the clutch pedal 89 remains released and
opened with the clutch pedal depressed.

The throttle detector and switch means 60 is, also
similarly to the corresponding means in FIG. 8, closed
only when the throttle valve 11 is substantially closed.

During deceleration, the engine output shaft is usu-
ally coupled with the output shaft of the transmission
system for braking the engine. In this instance, the
transmission gears are engaged to establish any of the
driving range speeds with the clutch pedal kept re-
leased and the throttle valve substantially closed. In this
condition, all the switch elements of the detector and
switch means 31, 90 and 60 are closed and conse-
quently the solenoid valve assembly 22 is energized to
pass the air-fuel mixture to the engine through the de-
celeration circuit.
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Although the control means to be used in the air-
pollution preventive system of this invention has been
discussed as controlled on such variables as vehicle
speed, angular position of the throttle valve (or the po-
sition of the accelerator pedal), motion of the clutch
pedal, or combination of these, the same can be oper-
ated in accordance with the vacuum level in the intake
manifold of the engine or revolution speed of the en-
gine.

FIG. 18 illustrates an embodiment of the air-
pollution system in which the supply of air-fuel mixture
through the deceleration circuit is controlled by means
of a diaphragm valve assembly which is operable in re-
sponse to the change in the intake manifold vacuum.
The carburettor elements as appearing in FIG. 18 are
entirely similar to those in FIG. 4 and, hence, like nu-
merals are assigned to like parts in both figures.

Referring to FIG. 18, the diaphragm valve assembly -
is generally represented by numeral 91, The diaphragm
valve assembly 91 has an atmospheric chamber 92 and
vacuum chamber 93 which is separated from the for-
mer by means of a diaphragm member 94. A valve
member 95 is mounted on the diaphragm member 94
and extends through the atmospheric chamber 92 to-
ward the deceleration circuit 18. A compression spring
96 is mounted in the vacuum ¢hamber 93 to normally
force the diaphragm member in a direction in which
the deceleration circuit 18 is shut by the valve member
95. The atmospheric chamber 92 is internally main-
tained at an atmospheric pressure while the vacuum
chamber 93 is led to a vacuum conduit 97 which is
opened through a vacuum port 98 into the intake mani-
fold of the engine. The compression of the spring 96 is
determined in a manner that the spring overpowers the
vacuum developing in the intake manifold with the
throttle valve 11 partly or fully opened and yields to the
increased intake manifold vacuum at full throttle. Des-
ignated by 99 is a packing to seal off the clearance be-
tween the valve member 95 and the surrounding wall
structure. ,

During vehicle operations excepting deceleration
and idling, the throttle valve 11 is more or less opened
to supply the engine with an air-fuel mixture through
the throttle chamber 14 and idle and low-speed circuit
12, During the idling operation when the throttle valve
11 is substantially closed, the engine is now supplied
with an air-fuel mixture through the idle and low-speed
circuit 12 as customary. During deceleration when the
throttle valve 11 is substantially closed and yet the en-
gine is still operating at a high speed, the intake mani-
fold vacuum increases abruptly. As soon as the vacuum
drawn to the vacuum chamber 96 exceeds a level to
overpower the compression spring 96, then the dia-
phragm member 94 is moved toward the vacuum
chamber 93 so that the valve member 95 is withdrawn
from the deceleration circuit 12, i.e., from the position
indicated by a broken line to the position indicated by
a solid line. The air-fuel mixture is in this manner
passed through the deceleration circuit 12 into throttle
chamber 14 downstream of the throttle valve 11,
whereby the concentration of unburned hydrocarbons
in the engine exhaust gases is reduced significantly.

In this embodiment, too, the amount and mixture
ratio of the air-fuel mixture to be passed through the
deceleration circuit 12 can be adjusted by varying the
flow rates at the first and second air bleeds 20b and 21
and/or the inside diameters of the jet nozzle 20a.
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It will now be appreciated from the foregoing de-
scription that the air-pollution preventive system ac-
cording to the invention is advantageous in reducing
the concentration of unburned toxic hydrocarbons in
the engine exhaust gases during deceleration without
affecting the engine performance during the remaining
vehicle operations particularly the idling operation.

What is claimed is:

i. In a carburetor for an automotive gasoline-
powered internal combustion engine and having a float
bowl, a throttle chamber, a throttle valve operatively
disposed in said throttle chamber, and an idle and slow
speed mixture circuit having an idle port and a slow
speed port opening into said throttle chamber for sup-
plying said engine with an air-fuel mixture, a system for
reducing the concentration of unburned content of the
exhaust gases emitted from said engine during deceler-
ating operation of the automobile, said system compris-
ing a deceleration circuit independent of said idle and
slow mixture circuit and provided between said float
bowl and said throttle chamber for supplying an air-fuel
mixture to said engine in addition to and independent
of an air-fuel mixture supplied to said engine through
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said idle and slow speed mixture circuit during deceler-
ating operation of the automobile, and a solenoid valve
assembly controlling the flow of said air-fuel mixture
through said deceleration circuit, said deceleration cir-
cuit including an atomizer provided downstream of said
float bowl and formed at its bottom a jet nozzle and its
top a first air bleed vented to the atmosphere, a second
air bleed provided in said deceleration circuit down-
stream of said first air bleed, and a deceleration port
communicating with said deceleration circuit and
opening into said throttle chamber at a position down-
stream of said throttle valve, and said solenoid valve as-
sembly including a valve in said deceleration circuit
downstream of said second air bleed and means respon-
sive to a decelerating condition of the automobile to
actuate said solenoid valve assembly to open said valve
to permit the flow of said air-fuel mixture through said
deceleration circuit, whereby said engine is supplied
with an air-fuel mixture through said deceleration cir-
cuit independently of the air-fuel mixture fed through

said idle and slow speed mixture circuit.
* * * * *



