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CARBURETTORFORMOTORVEHICLE 

This invention relates to carburettors for internal 
combustion engines used in motor vehicles and particu 
larly to carburettors having a mixture supply control 5 
system for feeding to the engine a satisfactory amount 
of enriched air-fuel mixture for the initial cold-engine 
and subsequent warm-up operations. 
Nowadays, air pollution is a serious social problem. 

Although there are a number of sources of noxious air 0 
pollutants, the pollutants emitted in engine exhaust 
gases are increasingly prominent. With a view to 
minimizing such emissions, various vehicular air-pollu 
tion preventive methods have been proposed including 
the improvements of the engine and/or carburettor per 
formance. 
As is well known in the art, the engine exhaust emis 

sion of the noxious air pollutants such as carbon 
monoxide, hydrocarbons and nitrogen oxides can be 
reduced to a minimum only if an air-fuel mixture is 
burned completely at its stoichiometric ratio in the 
combustion chamber. It is found, however, quite dif 
ficult to accomplish compete combustion in the engine 
for all the varying driving conditions of the vehicle. As 
a matter of fact, the above noxious pollutants are 
produced in different quantities varying in the kind of 
the pollutants dependent on the running conditions of 
the engine. For instance, the quantity of nitrogen ox 
ides emitted is large when the air-fuel mixture is lean so 
while the quantities of carbon monoxide and hydrocar 
bons are large when the mixture is rich. The emission of 
nitrogen oxides can be made so small, however, as to 
cause no serious air-pollution problem even with a lean 
mixture, if the engine has not fully warmed up. Under 35 
these circumstances, there has been a growing ten 
dency to construct the carburettors of known types in a 
manner to provide a lean mixture without or with little 
respect to the varying driving conditions of the vehicle. 
This tendency to provide a lean mixture inevitably 40 

invites deterioration of drivability of the vehicle due to 
the degradation of operational performance of the en 
gine. The drivability deterioration is often experienced 
as such phenomena as engine stalling when starting, 
lack of power for acceleration or knocking of the en- 45 
gine under all driving conditions from low to inter 
mediate speed ranges of the vehicle, and occurs par 
ticularly when the ambient temperature is low and/or 
when the engine is being warmed up. In addition, so 
called “cold driving" is often performed these days by 50 
most drivers without allowing ample time for warming 
up, thus affecting the drivability of the vehicle still 
Oe. 

In general, gasoline as usually used for fuel of the 
motor vehicle does not satisfy all of the engine operat 
ing requirements during the cold driving because of its 
lack of volatility. In order to acquire a stable drivability 
of the vehicle, an appropriate amount of enriched air 
fuel mixture is needed especially for cold driving. As 
has been discussed, however, existing carburettors are 
set to provide lean mixture so as to reduce the emission 
of the noxious air pollutants, thus inviting deterioration 
in drivability. This deterioration is encountered in ex 
isting carburettors, since when carburetor operation is 65 
changed from the slow-running mixture circuit to the 
main mixture circuit little or no mixture is supplied to 
the intake manifold for the transitional operation. 
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2 
In order to overcome these drawbacks, there has 

been proposed a method in which the mixture flow rate 
supplied through the two circuits is increased for this 
particular driving conditions. This method aids in im 
provement of the drivability but a large amount of the 
air pollutants are emitted into the open air from the ex 
haust pipe. Nowadays, however, this method can not be 
employed under the regulations of the law. 

This invention is based on the experiments con 
ducted by us using carburettors set to to provide a lean 
air-fuel mixture, which experiments have revealed that 
during the "cold driving' an improvement of drivabili 
ty is effected if an enriched mixture is supplied through 
the main mixture circuit rather than through the slow 
running mixture circuit. This means that an enriched 
air-fuel mixture is fed to the engine for the initial cold 
engine, and subsequent warm-up operations. These 
preparations necessary for warming up the engine up to 
a predetermined level before starting to move the vehi 
cle are known to continue for 5 to 15 minutes depend 
ing upon the ambient temperature. The temperature 
level thus determined previously is, for example, 50°C 
in terms of the temperature of the engine cooling 
liquid. Considering the short period ranging from 5 to 
15 minutes, the emission of the pollutants contained in 
the exhaust gases during the cold driving is not con 
siderable when compared with the total amount ex 
hausted during all driving conditions, even if an over 
rich mixture is consumed in the engine during this 
period. 
The mixture supply control system proposed in this 

invention is constructed and arranged in such a manner 
that an air-fuel mixture having a sufficiently rich air 
fuel ratio is fed to the engine during the initial cold-en 
gine and subsequent warm-up operations by opening an 
auxiliary fuel passage. This auxiliary fuel passage is pro 
vided in the system so as to communicate both with the 
main mixture circuit and with the float chamber. 
Thus, it is an object of the invention to provide a car 

burettor of a type adapted to feed to the engine an en 
riched mixture during the initial cold driving of the 
vehicle and to feed a usual lean mixture as soon as the 
engine has been sufficiently warmed up. 
Another object is to provide a carburettor having an 

auxiliary fuel passage for providing communication 
between the main mixture passage and the float 
chamber and valve means for opening and closing the 
auxiliary fuel passage responsive to the temperature of 
the engine, thereby improving the drivability of the 
vehicle. 

In the drawings: 
F.G. 1 is a schematic sectional view of an overall 

construction of the carburettor having a mixture supply 
control system according to the invention, in which the 
opening and closing of the auxiliary fuel passage is con 
trolled by a piston valve assembly responsive to the in 
take manifold vacuum and the temperature condition 
of the engine; 

FIG. 2 is similar to FIG. but shows a modification 
of the system, in which an additional port is provided to 
feed to the engine a sufficient amount of mixture dur 
ing the warming-up period, 

FIG. 3 is also similar to FIG. 1 but shows another 
modification of the system, in which the fuel flow rate 
passing through the auxiliary fuel passage is controlled 
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by a solenoid valve assembly and in which the auxiliary 
passage opens to the slow-running port of the carbu 
rettor; and 

FIG. 4 is similar to FIG. 3 but shows a modification 
of the system, in which the fuel flow rate is controlled 
by a diaphragm valve assembly. 
Throughout the accompanying drawings, like 

characters and reference numerals will designate cor 
responding parts or elements. The mixture supply con 
trol systems implementing the invention, which are 
generally denoted by numerals 10, 10", 10' and 10', 
respectively, in FIGS. 1, 2, 3 and 4, are used in a con 
ventional carburettor 12. The carburettor 12 is, as is 
well known, provided with a throttle valve 14, a venturi 
16, a small venturi 16', a main mixture circuit 18, an 
idling and slow-running mixture circuit 20 and a float 
chamber 22. The throttle valve 14 is mounted on a 
rotatable shaft, 14a in the carburetion induction 
passage and is herein shown as substantially fully closed 
to effect idling or deceleration of the motor vehicle. 
The main mixture circuit 18, through which an air-fuel 
mixture is supplied to the carburetor induction passage 
for relatively heavy load operation such as accelera 
tion, cruising or high speed operation of the engine 
opens into the small venturi 16'. The idling and slow 
running mixture circuit 20 for idle or light load opera 
tion is opens to the induction passage of the carburetor 
downstream of the venturi 16 through a slow-running 
port 24 and an idling port 26. The slow-running port 24 
is located at a position closely adjacent to the periphery 
of the throttle valve 14 when it is substantially closed, 
while the idling port 26 is located posterior to or 
downstream of the throttle valve 14. Designated by nu 
meral 28 is an idling adjustment screw for adjusting the 
flow rate of the mixture through the idling port 26. 
There is provided in the main mixture circuit 18 a 

main jet 30, a main fuel and air mixer 32 and a main 
nozzle 34 in this sequence from the float chamber 22. 
The main fuel and air mixer 32 has formed at its bottom 
an orifice 32a and at its top an air bleed 32b vented 
from the open air. The orifice 32a and air bleed 32b are 
so calibrated as to provide a desired amount of lean air 
fuel mixture, so that a lean mixture is delivered through 
the nozzle 34 to the carburetor induction passage so as 
to reduce the air pollutant content in the engine ex 
haust gases. In operation, with the throttle valve 14 
substantially fully opened for a relatively heavy load 
operation, a sufficient vacuum is established in the 
small venturi 16' due to the fact that a considerable 
amount of air is passing through the small venturi 16' 
for this particular operation. Then, a desired amount of 
fuel which is metered by the main jet 30 is atomized by 
the main fuel and air mixer 32 to provide an air-fuel 
mixture, which is drawn through the main nozzle 34 
into the small venturi 16' by the vacuum established 
therein. 

In addition to the slow-running port 24 and idling 
port 26 there is provided in the idling and slow-running 
mixture circuit 20 a slow-running fuel and air mixer 36 
which has formed at its bottom an orifice 36a and a first 
air bleed 36b vented from the ambient atmosphere. 
Downstream of the first air bleed 36b is provided a 
second air bleed 36c which is also vented from the am 
bient atmosphere. The first and second air bleeds 36b 
and 36c, respectively, are so calibrated as to admit air 
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from the ambient air at desired flow rates. While the 
engine is being driven under idling or light load condi 
tions with the throttle valve 14 substantially fully 
closed, the air flow rate delivered into the engine is not 
large and, therefore, little or no vacuum is established 
the small venturi 16'. Thus, a metered air-fuel mixture 
is supplied to the engine through the slow-running port 
24 and/or idling port 26. 
According to this invention, there is provided in the 

conventional carburettor mentioned above a mixture 
supply control system 10, 10', 10' or 10' which com 
prises an auxiliary fuel passage 38 leading from the 
float chamber 22 and opening into the main mixture 
circuit 18, a valve assembly 40 for opening and closing 
the auxiliary fuel passage 38 in response to the tem 
perature condition of the engine, an auxiliary air 
passage 42 leading from the valve assembly 40 and 
opening into the carburetor induction passage; and 
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temperature sensing means 44 for controlling the open 
ing and closing of the valve assembly 40 in response to 
the temperature of the engine. 
The auxiliary fuel passage 38 is shown to open to the 

main mixture circuit 18 downstream of the main jet 30 
and upstream of the two fuel and air mixers 32 and 36, 
but may open upstream of the main jet 30. The valve 
assembly 40 implementing this invention may be of any 
type such as a piston, a solenoid or a diaphragm type, if 
it can be actuated to control the opening and closing of 
the auxiliary fuel passage 38 in response to the tem 
perature condition of the engine. The mixture supply 
control systems 10, 10", 10' and 10' of the invention 
employing the different type valve assemblies listed 
above will be described with reference to the accom 
panying drawings. The auxiliary air passage 42 may 
either open to the carburetor induction passage or may 
lead to the slow port 25. The air passage 42 leading to 
the induction passage operates to actuate the valve as 
sembly. 40 when a high vacuum is produced in the in 
take manifold. To the contrary, the air passage 42 com 
municates with the slow-running port 24 and operates 
partially to actuate the valve assembly 40 and partially 
to feed additional air to the engine through the slow 
running port 24. The temperature sensing means 44 
functions to detect the temperature at which the engine 
is being driven. This temperature detection may be car 
ried out in this invention by means of a bimetal device 
44, which may be located in the neighborhood of the 
carburettor 12 or immersed in the engine cooling 
liquid. The means 44 is adapted to control mechani 
cally or electrically the operation of the valve assembly 
40 when the temperature is below a predetermined 
level, namely, when the engine is running cold. 
An example of a mixture supply control system to 

which this invention is directed is illustrated in FIG. 1. 
In this embodiment, the mixture supply control system 
designated by numeral 10 has a valve assembly 40 of 
piston type, an auxiliary air passage 42 leading to the 
induction passage downstream of the idling port 26 and 
a bimetal device 44 acting as temperature sensing 
means. The piston valve assembly 40 is formed of two 
portions 46 and 48, one portion being mounted fixedly 
on the outside wall of the carburettor and the other 
portion being mounted inside the carburetor and below 
the level of the liquid fuel contained in the float 
chamber 22. The portion 46 comprises a housing 46a 
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defining a suction chamber 46b which communicates 
both with the float chamber 22 through a bore 46c and 
with the auxiliary air passage 42 through a suction con 
duit 46d and an orifice 46e. In the suction chamber 46b 
is accommodated a suction operated piston 46f 5 
adapted to be axially movable with a piston rod 46g. 
This piston rod 46g extends through the bore 46c into 
the float chamber 22 and is biased by a compression 
spring 46h which is seated on two spring seats 46i and 
46i, one being located at one end of and forming one 
and wall of the suction chamber 46b and the other 
being located at one end of the piston rod 46g. On an 
extension 46k of the housing 46a is mounted fixedly a 
bimetal member 44a of the bimetal device 44 which 
carries a conical member 44b. This conical member 
44b is so formed as to be air-tightly seated, when the 
bimetal member 44a bends in an air vent 46l having an 
inwardly inclined inlet surface and which leads to the 
suction conduit 46d and the suction chamber 46b, as 
shown. 
The other portion 48 of the piston valve assembly 40 

comprises a housing 48a which is fixedly threaded into 
a portion of the carburetor body defining the float 
chamber 22. By the housing 48a is defined a fuel 
chamber 48b leading to the auxiliary fuel passage 38 
and communicating with the float chamber 22 past a 
valve member 48c accommodated in the housing 48a. 
This valve member 48c has a conical tip 48d and radi 
ally extending tapered portion 48e and is always biased 
by a compression spring 48f. The valve member 48c is 
axially movable to shut off the fuel flow passing 
through a bore 48g formed coaxially therewith. 
The bimetal member 44a is adapted to retain the 

member 44b spaced from the vent 46l while the tem 
perature surrounding the carburettor 12 is still low, 
namely, not exceeding a predetermined level indicating 
the completeness of the engine warming-up. When the 
temperature exceeds the predetermined value, how 
ever, the bimetal member 44a begins to bend 
downwardly in the drawing to shut off the air flow 
through the air vent 46l into the suction chamber 46b. 
The spring seat 46g and the valve member 48c are al 
ways in abutting engagement with each other due to the 
two springs 46h and 48f forcing them in opposing 
directions. The compression force of the spring 46h is 
selected to be stronger than that of the spring 48f so 
that the piston rod 46g is normally forced downwardly 
of the drawing together with the valve member 48c in 
asmuch as n other force is imposed on the suction 
piston 46f. Thus, the axial position of the suction piston 
46f can control the effective cross-sectional area 
defined between the bore 48g and the conical tip 48d of 
the valve member 48c. For example, when the suction 
piston 46fis forced to be in contact with the spring seat 
46i by the compression force difference between the 
ring 46h and the spring 48f, the effective cross-sec 
tional area between the bore 48g and the conical tip 
48d is large enough to admit a desired amount of fuel 
flow therethrough. When the suction piston 46f is 
moved upwardly a distance exceeding the stroke of the 
valve member 48c, however, the tapered portion 48e of 
the valve member 48c cuts off the fuel flow by the ac 
tion of the spring 48g independently of any further 
movement of the suction piston 46f. In this instance, 
the effective area of the orifice 46e in the suction con 
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6 
duit 46d is so sized as to choke the air flow passing 
therethrough even when the pressure difference 
between the suction chamber 46b and the carburetor 
induction passage is large. 
With this construction arrangement of the mixture 

supply control system 10, the air vent 46l is shown to be 
open to the ambient air, since the bimetal member 44a 
holds the member 44b spaced from the vent 46b while 
the temperature remains below a predetermined level. 
For this cold driving or warming-up of the engine, there 
is no pressure difference between the suction chamber 
46b and the float chamber 22. Under this condition, the 
valve member 48c is forced downwardly by the action 
of the spring 46h overcoming the action of the spring 
48f. The effective cross-sectional area thus formed 
between the inside surface of the bore 48g and the out 
side surface of the conical tip 48d can pass a sufficient 
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flow of fuel in addition to the usual fuel flow which is 
fed through the main jet 30. As has been discussed in 
detail, a satisfactory amount of enriched mixture is thus 
fed, in this instance, to the engine through the slow 
running port 24 and/or idling port 26 before the engine 
has been fully warmed up. 
When the engine has reached its normal operating 

temperature and the temperature therefore exceeds the 
predetermined level, the bimetal member 44a begins to 
warp downwardly thereby to close the air vent 46l. 
Then, there is no communication between the suction 
chamber 46b and the ambient air. This admits the 
vacuum in the carburetor induction passage through 
the auxiliary air passage 42, orifice 46l and suction con 
duit 46d into the suction chamber 46b. The vacuum 
thus established in the suction chamber 46b operates so 
that the piston 46f is moved upwardly against the ac 
tion of the spring 46h together with the piston rod 46g. 
As a result, the valve member 48c is forced upwardly 
by the spring 48f to shut off the fuel flow to be in 
troduced through the additional fuel passage 38. With 
this fuel passage completely closed, a suitable amount 
of lean mixture is delivered to the engine, after the en 
gine has reached its normal operating temperature. 
This means that, for relatively heavy load operations of 
the engine, only an appropriate amount of fuel is fed to 
the atomizer 32 through the main jet 30. 
The valve assembly as herein used may be con 

structed and arranged in many other ways, an example 
being shown in FIG. 2. Referring now to FIG. 2, there is 
provided a piston operated valve assembly 40' whose 
operation is substantially similar to that of the valve as 
sembly 40 described with respect to FIG. 1 but whose 
construction is slightly different therefrom. The dif 
ference is in that an additional port 50 is provided in 
the carburetor induction passage at a position between 
the idling port 26 and the port at which the additional 
air passage 42 opens into the carburetor induction 
passage. The additional port 50 is arranged to commu 
nicate with the slow-running fuel and air mixer 36 and 
is controlled by another valve assembly. In this embodi 
ment, the additional valve assembly 52 is, by way of ex 
ample, of solenoid type but may be of any other con 
ventional type as far as its operation is controlled in 
response to the temperature of the engine and/or to a 
the driving condition of the engine such as the intake 
manifold vacuum. 
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The construction arrangement of the piston valve as 
sembly 40' is, furthermore, a little different from that 
of the piston valve assembly 40 in that the bimetal 
member 44a of the bimetal device 44 is accommodated 
in a suction chamber 40'a communicating with the aux 
iliary air passage 42 and in that an orifice 40'b is pro 
vided in the housing 46a and opens directly into the 
ambient air. In view of this, while the bimetal member 
44a holds the member 44b spaced from the vent 46l 
during the cold running of the engine, the conical 
member 44b of the bimetal member 44a is air-tightly 
seated in the inwardly inclined surface of the air vent 
46l. Since the orifice 40'b is opens to the ambient air, 
the suction chamber 46b is kept at an atmospheric 
pressure unless the intake manifold vacuum is in 
troduced thereinto through the air vent 46l. When the 
bimetal member 44a bends upwardly of the drawing at 
a temperature above the predetermined value, air from 
the suction chamber 46b is drawn into the carburetor 
induction passage through the air vent 46l and the aux 
iliary air passage 42. The orifice 40'b is so sized in its 
effective area as to allow therethrough introduction of 
a limited amount of air, thus maintaining the suction 
chamber 46b at a reduced pressure nearly equal to the 
intake manifold vacuum. With the suction chamber 
46b held under vacuum, in this way, the suction piston 
46f is moved upwardly to close communication 
between the float chamber 22 and the auxiliary fuel 
passage 38. 

It should be noted here that the mixture supply con 
trol system 10' is provided with an additional port 50. 
whose effective area is regulated by a solenoid valve as 
sembly 52. The solenoid valve assembly 52 has a needle 
element 52a, which is actuated by a solenoid device 54 
consisting of a solenoid coil 54a and an axially movable 
element 54b. The needle element 52a, which is coaxi 
ally integral with the movable element 54b, is normally 
kept seated on the inside of the additional port 50 so as 
to block communication between the carburetor induc 
tion passage and an additional mixture passage 56. The 
movable element 54b is adapted to e retracted and 
protruded by the solenoid coil S4a together with the 
needle element 52a. This additional mixture passage 56 
is adapted to deliver an air-fuel mixture from the slow 
running fuel and air mixer 36 to the additional port 50. 
The solenoid coil 54a is electrically connected in series 
to a power source 58 through a main switch 60 and 
thermoswitch 62 by a line 64. If desired, a vacuum 
switch 66 may be added in the line 64 in parallel with 
the thermoswitch 62 to constitute an OR circuit, as 
shown. The thermoswitch 62 is constituted, for in 
stance, as a normally-open relay switch which is con 
nected to and actuated by a temperature detector (not 
shown). This temperature detector is adapted to detect 
the temperature of the engine, so that it may be pro 
vided directly on the wall or in the air cleaner (not 
shown) of the carburetor 12 or may be immersed in the 
engine cooling liquid, as the case may be. The opera 
tional timing of the bimetal member 44a and the ther 
moswitch may be concurrent or not. The vacuum 
switch 66 is controlled, for instance, by a diaphragm 
device (not shown) which is operable responsive to the 
intake manifold vacuum. The diaphragm device is 
adapted to detect the driving condition of the motor 
vehicle in terms of the intake manifold vacuum so as to 
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8 
close the vacuum switch 66 when the vacuum exceeds 
a predetermined level. In short, the thermoswitch 62 is 
closed during the cold driving operation of the engine 
whilst the vacuum switch 66 is closed during the high 
vacuum condition such as during deceleration. 
Thus, the solenoid coil 54a can be energized not only 

when the engine is being driven cold but when the vehi 
cle is decelerating, if the vacuum switch 66 is inter 
posed in the line 64. With the solenoid coil 54a ener 
gized the movable element 54b is moved to a position 
in which the needle element 52a is unseated from the 
inside of the additional port 50, providing communica 
tion between the idling and slow-running mixture cir 
cuit 20 and the carburetor induction passage. In this 
manner, the mixture supply control system 10' of FIG. 
2 can feed to the engine a sufficient amount of enriched 
mixture for cold running. Moreover, since the addi 
tional port 50 is also opened during deceleration even 
after the engine has been warmed up, the system 10' 
can also feed to the engine a sufficient amount of mix 
ture without detriment to the combustion performance 
for its particular condition. Such reduction of air pollu 
tant emission during deceleration can be said to result 

25 

30 

35 

from the fact that under the high vacuum in the intake 
manifold a considerable amount of air is drawn from 
the second air bleed 36c into the intake manifold in ad 
dition to a certain amount of air-fuel mixture. 
Meanwhile, the flow rate of the additional air may be 
regulated to offer an overall air-fuel mixture in an 
amount and mixture ratio suitable for complete com 
bustion in the engine. 

In FIG. 3, there is shown another modification 10' 
of the mixture supply control system of the invention, 
in which the fuel flow rate passing through the addi 
tional fuel passage 38 is controlled by a solenoid valve 
assembly 68. Moreover, it should be appreciated that 
the additional air passage 42 opens to the slow-running 
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port 24 so as to supply an additional air to the engine 
therethrough. • - 

The solenoid valve assembly 68 has two needle ele 
ments 68a and 68b which are axially movable when ac 
tuated by a solenoid device 70 consisting of a solenoid 
coil 70a and movable core 70b made coaxially integral 
with the two needle elements 68a and 68b. The needle 
element 68a is constructed to be received air-tightly 
and axially movably on the inside wall of the solenoid 
valve assembly 68. During the cold driving of the en 
gine, the needle element 68a is held seated on the out 
let of an air vent 70c provided on a housing 70d, while 
the other needle element 68b is unseated from a bore 
72 formed in a member screwed into a sort in a body of 
the carburetor defining the float chamber 22. In the 
housing 70d are provided an atmospheric chamber 70e 
communicating with the carburetor induction passage 
through the auxiliary air passage 42 and a compression 
spring 70f biasing the solenoid core 70b downwardly in 
the drawing. The bore 72, whose upper end acts as a 
valve seat, for the needle element 68b communicates 
with the main mixture circuit 18 through the auxiliary 
fuel passage 38. After the engine has been warmed up 
sufficiently with the solenoid coil 70a being de-ener 
gized, the solenoid core 70b is urged downwardly by 
the action of the spring 70f, thus unseating the needle 
element 68a and seating the needle element 68b. The 
solenoid coil 68c is electrically connected with the 
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power source 58 through the main switch 60 and the 
thermoswitch 62 in this sequence. 

In operation, when the engine is being driven cold 
with the thermoswitch 62 closed, the solenoid coil 70a 
is energized to pull the solenoid core 70b upwardly 
against the action of the spring 70f together with the 
two needle elements 68a and 68b. This causes the nee 
de element 68a to be seated in the outlet of the air vent 
70c and the needle element 68b to be unseated from 
the bore 72 to provide communication between the 
float chamber 22 and the auxiliary fuel passage 38. 
Therefore, a suitable amount of enriched mixture is 
supplied to the engine for the cold running condition. 
When the temperature of the engine is above the 
predetermined value with the thermoswitch 62 being 
open, the solenoid coil 70a is being de-energized so 
that the two needle elements 68a and 68b are forced 
downwardly, respectively, to allow air to flow into the 
chamber 70e and to block the fuel flows passing 
through the bore 72. The air flow to the slow-running 
port 24 through the additional air passage 42 when a 
vacuum is present at the slow-running port 24. This ad 
ditional air flow aids in providing a leaner mixture in an 
effective fashion to the engine to thereby reduce the 
hydrocarbon and/or carbon monoxide content in the 
engine exhaust gases when the engine has reached its 
normal operating temperature, especially during 
deceleration. 

Referring to FIG. 4, the additional fuel flow is con 
trolled by a diaphragm valve assembly 74 in coopera 
tion with a bimetal device 76 in the mixture supply con 
trol system 10'. The diaphragm valve assembly 74 and 
the bimetal device 76 are operated in response to the 
intake manifold vacuum and to the engine tempera 
ture, respectively. The diaphragm valve assembly 74 
has an atmospheric chamber 74a vented to the at 
mosphere through a bore 74b communicating with the 
float chamber 22 and a suction chamber 74c commu 
nicating with the slow-running port 24 by way of a 
chamber 76a in the bimetal device 76 and the addi 
tional air passage 42. The suction chamber 74c is her 
metically sealed off from the atmospheric chamber 74a 
by a diaphragm member 74d to which is rigidly con 
nected a needle element 74e extending into the float 
chamber 22 through the bore 74b. A compression 
spring 74f acts on the suction side of the diaphragm 
member 74d, so that the diaphragm member 74d and 
accordingly the needle element 74e are always urged 
downwardly in FIG. 1. The bimetal device 76 has a suc 
tion chamber 76a providing communication between 
the auxiliary air passage 42 and the suction chamber 
74c of the diaphragm valve assembly 74. The suction 
chamber 76a is defined by a housing 76b which has an 
air vent 76c to the atmosphere and a bimetal member 
76d mounted rigidly on the wall thereof. At the free 
end of the bimetal member 76d a conical member 76c 
is carried. While the bimetal member 76d remains sub 
stantially straight, the tip member 76e is adapted to be 
in abutting engagement with the air vent 76c to prevent 
air flow therethrough. The compression force of the 
spring 74f is selected in such a manner as to be over 
come due to the intake manifold vacuum to be in 
troduced. 
With the air vent 76c sealed during the cold running 
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10 
suction chamber 74c of the diaphragm valve assembly 
74. Due to the pressure difference between the two 
chambers 74a and 74c, the diaphragm member 74d is 
moved upwardly together with the needle element 74e 
against the action of the spring 74f, as shown, thus 
providing communication between the float chamber 
22 and the auxiliary fuel passage 38. As a result, a suita 
ble amount of enriched mixture can be supplied to the 
engine for the cold driving, as has been discussed. After 
the engine has reached its normal operating tempera 
ture, the bimetal member 76d bends upwardly to open 
the air vent 76c. Then, the suction chamber 74c 
becomes atmospheric so that the diaphragm member 
74d is forced downwardly by the spring action together 
with the needle element 74e. This closes the bore 72 
and therefore shuts off the additional fuel flow 
delivered through the auxiliary fuel passage 38, thus an 
appropriate amount of lean mixture is supplied to the 
carburetor induction passage through the mixture cir 
cuit 18 for the normal driving condition. Moreover, ad 
ditional air is delivered to the slow-running port 24 to 
thereby increase the air-fuel ratio to a suitable lean 
side. 

It will now be appreciated from the foregoing 
description that, according to one important aspect of 
the invention, an enriched mixture is supplied to the 
engine during cold running of the engine, whereby the 
engine can be driven with satisfactory performance 
quality as well as with a short warming-up period. Ac 
cording to another important aspect of the invention, a 
lean mixture is supplied to the engine with the engine 
fully warmed up. With this in mind, a carburetor having 
the mixture supply control system of the invention can 
reduce significantly the overall air pollutant emission 
contained in the engine exhaust gases without detri 
ment to the drivability of the vehicle. 
What is claimed is: 
1. In a carburetor for an internal combustion engine 

of a motor vehicle having a main mixture circuit 
adapted to supply an air-fuel mixture to the carburetor 
induction passage for high-speed and acceleration 
operations of the engine, an idling and slow-running 
mixture circuit adapted to supply a mixture to the car 
buretor induction passage for slow-running and 
deceleration operations of the engine, a throttle valve 
disposed in the carburetor induction passage for con 
trolling the quantity and air-fuel ratio of the mixture 
supplied by the carburetor to the engine, and a fuel 
supply reservoir which supplies fuel to the two circuits; 
a mixture supply control system comprising in com 
bination an auxiliary fuel passage providing communi 
cation between said fuel reservoir and said main mix 
ture circuit so as to supply additional fuel to said main 
mixture circuit, a suction-operated piston valve as 
sembly for opening and closing said auxiliary fuel 
passage in response to the temperature of the engine, 
an auxiliary air passage providing communication 
between said suction-operated piston valve assembly 
and the carburetor induction passage downstream of 
said throttle valve for supplying additional air to the 
carburetor induction passage, and a bimetal device for 
controlling the opening and closing operations of said 
suction-operated piston valve assembly in response to 
the temperature of the engine for thereby supplying to 
the engine an appropriate amount of enriched mixture 
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for the initial "cold-engine' and subsequent warming 
up operations, said suction-operated piston valve as 
sembly including two portions, one portion consisting 
of a housing mounted on the outside surface of the car 
buretor and defining a suction chamber, which housing 
has therein an axially movable piston and an air vent 
which is vented from the ambient. air, said suction 
chamber communicating with said air passage through 
an orifice and with the fuel reservoir through a bore 
which has therein an axially movable piston rod con 
nected to said first-mentioned axially movable piston 
and extending into said fuel reservoir and a compres 
sion spring biasing said piston rod toward said fuel 
reservoir, and the other portion consisting of a housing 
mounted in the body of the carburetor below the level 
in the liquid fuel contained in said fuel reservoir and 
defining a fuel chamber, which housing has therein an 
axially movable needle element in abutting engagement 
with said piston rod at their ends and a compression 
spring selected to be weaker in force than the first 
mentioned compression spring and biasing said needle 
element in a direction opposite to that of the first-men 
tioned compression spring, said fuel chamber commu 
nicating with said fuel passage and with said fuel reser 
voir through a bore in the second-mentioned housing, 
said needle element having a radially extending tapered 
portion for shutting off the fuel flow through said 
second-mentioned bore, whereby with no vacuum 
present in said suction chamber said piston rod forces 
said needle element in a direction to open the second 
mentioned bore, while with a vacuum present in said 
suction chamber said piston rod is urged due to he 
vacuum in a direction to close the second-mentioned 
bore, and said said bimetal device including a bimetal 
member mounted outside the first-mentioned housing 
of said piston valve assembly and carrying a conical 
member to be seated air-tightly on said air vent, said 
bimetal member being adapted to hold said conical 
member so as to open said air vent when the engine is 
cold and being adapted to bend toward said air vent so 
as to close said air vent as soon as the temperature of 
the engine exceeds a predetermined value. 

2. In a carburetor for an internal combustion engine 
of a motor vehicle having a fuel supply reservoir, a car 
buretor induction passage, a throttle valve disposed in 
said carburetor induction passage, a main venturi and a 
small venturi, the combination comprising a main mix 
ture circuit opening into said small venturi for supply 
ing an air-fuel mixture to said carburetor induction 
passage for high-speed and acceleration operations of 
the engine, said main mixture circuit having a main fuel 
jet communicating with said fuel supply reservoir, a 
main fuel and air mixer communicating with said main 
fuel jet and a main nozzle opening into said small ven 
turi, said main fuel and air mixer having formed at its 
bottom an orifice and its top an air bleed vented from 
the atmosphere, the effective cross-sectional areas of 
said orifice and said air bleed being so calibrated as to 
provide a desired amount of lean air-fuel mixture so 
that a lean mixture is produced in said main mixture 
circuit for delivering to the engine, an idling and slow 
running mixture circuit opening into said carburetor in 
duction passage downstream of said main venturi for 
supplying an air-fuel mixture to said carburetor induc 
tion passage for low-speed and deceleration operations 

406s 

3,706,444 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
of the engine, said idling and slow-running mixture cir 
cuit having a slow-running port located at a position 
closely adjacent to the periphery of said throttle valve 
when it is substantially fully closed and an idling port 
located downstream of said throttle valve, said idling . 
and slow-running mixture circuit having a slow-running 
fuel and air mixer which has formed at its bottom an 
orifice and a first air bleed vented from the ambientat 
mosphere and a second air bleed downstream of said 
first air bleed, the effective cross-sectional areas of said 
first and second air bleeds being so calibrated as to 
admit air from the ambient atmosphere at desired flow 
rates to provide the air-fuel mixture for the low-speed 
and deceleration operations of the engine, an auxiliary 
fuel passage providing communication between said 
fuel supply reservoir and said main mixture circuit so as 
to supply additional fuel to said main mixture circuit, a 
suction-operated piston valve assembly for opening and 
closing said auxiliary fuel passage in response to the 
temperature of the engine, an auxiliary air passage 
providing communication between said suction 
operated piston valve assembly and said carburetor in 
duction passage downstream of said throttle valve for 
supplying additional air to said carburetor induction 
passage, and a bimetallic device for controlling the 
opening and closing operations of said suction 
operated piston valve assembly in response to the tem 
perature of the engine for thereby supplying to the en 
gine an appropriate amount of enriched air-fuel mix 
ture for the initial "cold-engine' and subsequent warm 
ing-up operations, said suction-operated piston valve 
assembly including first and second portions, said first 
portion consisting of a housing mounted on the outside 
surface of the carburetor and having a suction chamber 
and an air vent from the ambient atmosphere, an axi 
ally movable suction-operated piston accommodated in 
said suction chamber, said suction chamber commu 
nicating with said auxiliary air passage through an ori 
fice and with said fuel supply reservoir through a bore, 
an axially movable piston rod accommodated in said 
bore and connected to said suction-operated piston, 
said axially movable piston rod extending into said fuel 
supply reservoir, and a compression spring biasing said 
piston rod toward said fuel supply reservoir, and said 
second portion consisting of a housing mounted in the 
body of the carburetor below the level in the liquid fuel 
in said fuel supply reservoir, a fuel chamber defined in 
said second-mentioned housing and leading to said aux 
iliary fuel passage through a bore and communicating 
with said fuel supply reservoir, an axially movable nee 
dle element accommodated in said second-mentioned 
housing and in abutting engagement with said axially 
movable piston rod at their ends and a compression 
spring selected to be weaker in force than the first 
mentioned compression spring and biasing said needle 
element in a direction opposite to that of the first-men 
tioned compression spring, said needle element having 
a radially extending tapered portion for shutting off the 
fuel flow through said second-mentioned bore, 
whereby with no vacuum present in said suction 
chamber said piston rod forces said needle element in a 
direction to open said second-mentioned bore, while 
with a vacuum present in said suction chamber said 
piston rod is urged due to the vacuum in a direction to 
close the second-mentioned bore, and said bimetal 
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device including a bimetal member mounted outside as to close said air vent when the engine is cold and 
the firstimentioned housing of said suction-operated being adapted to bend away from said air vent so as to 
piston valve assembly and carrying a conical member open said air vent as soon as the temperature of the en 
to be seated air-tightly on said air vent, said bimetal gine exceeds a predetermined value. 
member being adapted to hold said conical member so * 
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