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ABSTRACT OF THE DISCLOSURE 
A carburetor for an automobile engine is provided 

with two apertures adjacent a throttle valve, one on each 
side of the valve when it is in its idle position. A pres 
sure responsive device is divided into an atmospheric 
chamber and a first and a second pressure chamber by 
first and a second flexible diaphragms with each of the 
pressure chambers communicating with a respective one 
of the apertures. A movable control rod extending through 
the first diaphragm and connected to the second di 
aphragm for limited relative movement is connected to a 
support plate for a contact breaker. When the engine ac 
celerates the first diaphragm is arranged to respond to a 
fuel pressure in one of the apertures to rotate the Sup 
port plate through the control rod so as to advance the 
ignition timing of the engine, however, when the engine 
decelerates the second diaphragm is arranged to respond 
to a fuel pressure in the other aperture similarly to ad 
vance the ignition timing of the engine. 

This invention relates in general to an aperture for 
automatically controlling the point at which an internal 
combustion engine of an automobile is to be ignited, in 
accordance with the pressure of a fuel flowing through 
a feed fuel line to the engine, and more particularly to 
such an apparatus especially Suitable for use in decreas 
ing the amount of undesirable waste expelled from the 
engine. 

It is well known that during the idling and decelerating 
operations of any automobile internal combustion engine, 
the wasted gas expelled from the engine generally con 
tains, in large amounts, harmful and undesirable waste 
such as gaseous hydrocarbons, gaseous carbon monoxide, 
etc. The results of experiments have confirmed and re 
ported that with an automobile engine operated at a low 
speed the harmful waste matter and especially gaseous 
hydrocarbons contained in the waste gas could be limited 
by setting the timing point of the ignition to an angular 
position sufficiently in advance of the upper dead point 
of the associated piston. This has been generally accom 
plished by forcing an advance angle up to approximately 
10 degrees provided by a centrifugal and a vacuum ad 
vance device to advance to a large angle such as approxi 
mately 20 degrees. 
For example, the copending U.S. application Ser. No. 

656,580 filed on July 27, 1967, by H. Miyazaki et al. 
and assigned to the same assignee as the present applica 
tion discloses an advance device comprising a single pres 
sure chamber for operating a single flexible diaphragm 
disposed in a vacuum advance device of conventional 
construction, and means for Selectively introducing a pair 
of fuel pressures sensed by means adjacent but on oppo 
site sides of a throttle valve in its idle position, which 
throttle valve is disposed in a feed fuel pipe leading to 
the associated automobile engine. The device is arranged 
such that during an acceleration or high speed operation 
of the engine a fuel pressure sensed on that side of the 
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2 
throttle valve remote from the engine is introduced into 
the pressure chamber to control an advance angle of from 
0 to approximately 10 degrees while during a decelera 
tion or low speed operation of the engine a fuel pressure 
sensed on the other side of the throttle valve is intro 
duced into the pressure chamber to provide an advance 
angle of approximately 20 degrees. Because of the selec 
tive introduction of a pair of different fuel pressures into 
the single pressure chamber, the device has been required 
to be provided with one valve of relatively complicated 
construction at each inlet to the chamber through which 
a fuel pressure is applied to the latter. These valves are 
then required to be relatively small so that they may be 
disposed in the inlet and in addition they must also be 
precisely machined to insure that the valves are operated 
properly. Such precisely machined parts are undesirable 
from a manufacturing viewpoint because they are rela 
tively expensive to produce. 

Accordingly, it is an object of the present invention 
to eliminate any incomplete combustion of a fuel oc 
curring when an automobile engine is operating at either 
of a high and a low speed thereby to decrease the con 
tamination of the Surrounding air. 

It is another object of the present invention to pro 
vide a new and improved apparatus for automatically 
controlling a timing point of the ignition of an internal 
combustion engine to a precise magnitude required in 
either the high and a low speed operation of the engine 
which apparatus is simple in construction and relatively 
inexpensive to manufacture. 

Briefly, the invention accomplishes the above cited ob 
jects by the provision of a dual diaphragm type apparatus 
for automatically controlling the timing point at which an 
automobile engine is to be ignited, comprising a control 
rod movable to control the timing point of ignition of 
the engine, first sensing means adjacent a throttle valve 
disposed in a feed fuel pipe to the engine to sense a fuel 
pressure on that side of the throttle valve remote from 
the engine, second sensing means adjacent the throttle 
valve to sense a fuel pressure on that side of the throttle 
valve near the engine, a first flexible diaphragm respon 
sive to the fuel pressure sensed by the first sensing means 
to move the control rod, and a second flexible diaphragm 
responsive to the fuel pressure sensed by the second sens 
ing means to move the control rod, the second flexible 
diaphragm engaging the movable control means so as not 
to interfere with movement of the control rod due to the 
first diaphragm. 
The invention is to its organization and its mode of op 

eration as well as other objects and advantages thereof 
will become more readily apparent from the following 
detailed description taken in conjunction with the accom 
panying drawing wherein a single figure shows a front 
elevational view, partially in section, of a contruction in 
accordance with the teachings of the invention with parts 
cut away for simplicity of illustration. 

Referring now to the drawing, it is seen that within 
a distributor housing 10 there are disposed a cam 12 
rigidly secured on a distributor shaft (not shown) and an 
apertured support plate 14 having a centrally located open 
ing surround the cam 12 and rotatable in one or the 
other direction about the axis of the latter. The distrib 
utor shaft is adapted to be driven in the direction of the 
appropriate arrow by the associated internal combustion 
engine through a gearing, neither of which are shown. 
Mounted on the support plate 14 is a contact breaker 16 
including a cam follower 18 engaging the cam 12 and a 
movable contact 20 controlled by the cam 12 through 
the cam follower 8. The movable contact 20 is moved 
into and out of engagement with a stationary contact 22 
as the cam 12 rotates. When the movable contact 20 
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contacts the stationary contact 22, a primary winding of 
an ingnition coil (not shown) is permitted to be ener 
gized by a battery (not shown), however, when the mov 
able contact 20 disengages from stationary contact 22, an 
ignition voltage is generated across a secondary ignition 
winding to ignite one of combustion chambers in the 
engine. The above mentioned components are of a con 
ventional construction and need not be further described. 

According to the teachings of the present invention, 
a pressure responsive device generally designated by the 
reference numeral 24 is mounted to the outer periphery of 
the distributor housing 19. The pressure responsive de 
vice 24 comprises a three piece housing 26 including a 
mounting portion rigidly connected to the distributor 
housing 10 by screws 28, a middle portion in the form 
of a hollow cylinder and a lower portion in the form 
of a bowl connected together into a unitary structure as 
by caulking with a first flexible diaphragm 30 sandwiched 
in its tensioned state between the upper and middle hous 
ing portions and a second flexible diaphragm 32 Sand 
wiched in its tensioned state between the middle and low 
er housing portions. This it will be appreciated that the 
first and second diaphragms 30 and 32 divide the interior 
of the housing 26 into an atmospheric chamber 34, a first 
pressure chamber 36 and a second pressure chamber 38. 
As shown in the drawing, a stopper 40 in the form of 

an annulus is connected to the internal peripheral wall 
surface of the middle housing portion or the first pres 
sure chamber 36 and serves to limit an axial flexing move 
ment of the second flexible diaphragm 32 in one direction, 
i.e., in the upward direction as viewed in the drawing. 
The second diaphragm 32 has rigidly secured on the cen 
tral portion a connector 42 including an axial extension 
44 in the form of a hollow cylinder projecting into the 
first pressure chamber 36 and having its free end portion 
inwardly and radially folded to provide a shoulder 46. A 
longitudinaily movable control rod 48 extends through 
the central portion of the first diaphragm 30 until it pro 
jects into the interior of the distributor housing 10 where 
the free end of the rod is connected to the support plate 
14 by a pin 50 for the purpose of advancing the timing 
point of ignition. It is noted that the atmospheric chamber 
34 is sealed from the pressure chamber 36. The control 
rod 48 has formed at the other end an outwardly directed 
flange 48a inserted into the extension 44 for a relative 
longitudinal movement limited by the shoulder 46. This 
permits the first diaphragm 30 to effect a limited move 
ment of the control rod 48 toward the second diaphragm 
32 while the latter diaphragm is maintained stationary. 
A first compression spring 52 is disposed between the 

first and second diaphragms 30 and 32 within the first pres 
sure chamber 36 while a second compression spring 54 is 
disposed between the second diaphragm 32 and the bot 
tom of the second pressure chamber 38. The first and 
second pressure chambers 36 and 38 are further pro 
vided with the respective inlet ports 56 and 58 through 
which fuel pressures are selectively applied to the cham 
bers as will be described hereinafter. 

In the drawing the reference numeral 60 generally 
designates a carburetor schematically shown as a sec 
tion of pipe and serving to vaporize a fuel Supplied to the 
engine (not shown). The carburetor 60 includes a pas 
sage 62 through which air, at atmospheric pressure, flows 
into its interior in the direction of the arrow, a Venturi 
portion 64 into which a fuel injection nozzle 66 opens, 
and a throttle valve 68 controlled by an accelerator pedal 
(not shown). The other end of the carburetor 60 is con 
nected to a manifold (not shown) as is conventional in 
automobile carburetors. 
According to the teachings of the present invention the 

carburetor 60 is provided with a first and a second pres 
sure sensing unit preferably in the form of an aperture 
extending through its wall on both sides of the throttle 
valve 68 in its minimum or idle position. More specifical 
ly, the first pressure sensing unit or aperture 70 opens 
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into the carburetor adjacent the throttle valve 68 and 
upstream thereof, as shown in the drawing with respect 
to a flow of fuel, i.e., on the air intake side of the throttle 
valve in its idle position. The second pressure sensing unit 
or aperture 72 opens into the carburetor adjacent the 
throttle valve 68 and downstream thereof or on that side 
of the valve, the manifold side, that is closest to the en 
gine with the valve in its idle position. The first and sec 
ond pressure sensing apertures 70 and 72 communicate 
with the inlet ports 56 and 58 through a pair connecting 
pipes 74 and 76, respectively. 
The arrangement thus far described is operated as 

follows: Assuming that the associated engine (not shown) 
is in its accelerating or high speed operation in which the 
associated acceleration pedal (not shown) is depressed to 
open the throttle valve 68 from its idling position or 
shown in the drawing to an open position. Under the 
assumed conditions, both pressure sensing units 76 and 72 
will sense fuel pressures higher than a predetermined 
negative pressure P which may be normally in the order 
of 400 mm. Hg. By the term "negative pressure' used 
herein is meant a pressure less than the atmospheric pres 
sure. As connected, it is noted that the first pressure sens 
ing unit 70 is designed to sense a negative fuel pressure 
normally ranging from 0 to approximately 400 mm. Hg. 
in accordance with the extent to which the throttle valve 
68 is open, while the second pressure sensing unit 72 is 
designed to sense a negative fuel pressure ranging approxi 
mately from 450 to 700 mm. Hg. for a purpose as will be 
apparent hereinafter. The fuel pressures thus sensed are 
transmitted to the first and second pressure chambers 36 
and 38 through the connecting pipes 74 and 76, respec 
tively, and the ports 56 and 58, respectively. 

According to the teachings of the present invention 
the first compression spring 52 disposed within the first 
chamber 36 is made so weak that if the first flexible dia 
phragm 30 has applied thereto a pressure differential be 
tween a pressure higher than the above mentioned nega 
tive pressure P1 and the atmospheric pressure in the at 
mospheric chamber 34 the spring 52 permits the dia 
phragm 30 to move or flex toward the second diaphragm 
against its action while the second compression spring 54 
is designed so that if the second flexible diaphragm 32 
has applied thereto a pressure equal to the difference be 
tween the atmospheric pressure and a pressure less than 
a predetermined negative pressure P2 which may normally 
be in the order of 450 mm. Hg, the spring will permit 
the diaphragm 32 to move or flex in a direction away 
from the first diaphragm. 
Thus when the first diaphragm 30 is exposed to a fuel 

pressure up to 400 mm. Hg, a pressure differential be 
tween the atmospheric pressure prevailing in the atmos 
pheric chamber 34 and the pressure now present in the 
first pressure chamber 36 causes the first flexible dia 
phragm 30 to flex or move toward the second diaphragm 
32 to move the control rod 48 in the direction of the 
arrow a distance determined by the extent to which the 
throttle valve 68 has been opened or by the particular 
loading on the engine. This causes the support plate 14 to 
rotate in the direction opposite to the direction of rota 
tion of the cam 12 to provide an advance angle for igni 
tion, or spark advance, proportional to the loading on 
the engine. 
On the other hand, the second flexible diaphragm 32 is 

prevented from flexing or moving because the pressure 
higher than the said predetermined negative pressure P1 
is ineffective for flexing or moving the second diaphragm 
32 which has, in turn, applied to both opposed surfaces 
the substantially equal fuel pressures prevailing in the 
first and second pressure chambers 36 and 38, respectively, 
and because the flanged end portion 48a of the moving 
control rod 48 is free to move in the interior of the exten 
sion 44 which is secured to the second diaphragm, with 
out affecting the latter. 
With the engine operated at a slow speed or in its de 
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celerated state, the throttle valve 68 is adjusted to its 
minimum open or idle position, as shown in the drawing, 
and permits air and fuel to pass in small amounts there 
through. Under these circumstances, the first pressure 
sensing unit 70 will sense a fuel pressure approximately 
equal to the atmospheric pressure while at the same time 
the second pressure sensing unit 72 will sense a fuel pres 
Sure less than the predetermined negative pressure P. 
which may be normally in the order of 450 mm. Hg as 
above described and which is less than the first predeter 
mined negative pressure P1. As above described, the sec 
ond pressure sensing unit 72 is adapted to sense a fuel 
pressure of from 450 to 700 mm. Hg, and the second 
compression spring 54 in the second pressure chamber 38 
is adapted to respond to a pressure less than the predeter 
mined negative pressure P. 
The fuel pressures sensed by both pressure sensing units 

70 and 72 are transmitted to the first and second pressure 
chambers 36 and 38, respectively, such that a pressure 
approximately equal to the atmospheric pressure prevails 
in the first chamber 36 while a pressure less than the 
predetermined negative pressure P2 prevails in the second 
chamber 38. Thus a difference between both pressures is 
exerted on the second flexible diaphragm 32 to flex or 
move it away from the first diaphragm 30 as a result of 
the compression of second spring 54 due to such pressure 
differential. When the second diaphragm 32 begins to 
flex it is in the position as shown in the drawing and the 
flanged end portion 48a of the control rod 48 is engaged 
with the shoulder 46 of the extension 44. Therefore the 
flexing movement of the second diaphragm 32 is accom 
panied by a pulling movement of the control rod 48 in 
the direction of the appropriate arrow with the result that 
the timing point of ignition is caused to, or there is a spark 
advance, advanced in accordance with the particular load 
ing on the engine. 
Thus harmful gases such as gaseous hydrocarbons con 

tained in the waste gas decrease in amounts during the 
high and low speed operations of the engine. 
From the foregoing it will be appreciated that the pres 

ent invention is effective for advancing the timing point 
of ignition as required during either of the accelerating 
and decelerating operations of the associated engine by 
using a pair of flexible diaphragms and a pair of pressure 
chambers. Also the present invention is very simple in 
construction and easily manufactured as compared with 
apparatus utilizing valve devices as previously described. 
While the invention has been illustrated and described 

in conjunction with a single preferred embodiment there 
of it is to be understood that various changes and modifi 
cations may be resorted to without departing from the 
spirit and scope of the invention. 
What we claim is: 
1. In a dual diaphragm type apparatus for automati 

cally controlling the timing point at which an automobile 
engine is to be ignited, the combination of a control rod 
movable to control the timing point for the ignition of 
the engine, carburetor means including a feed fuel pipe 
having an air intake end and a manifold end, a throttle 
valve pivotally mounted in the feed fuel pipe between 
the air intake end and the manifold end, said throttle 
valve having an idle position in which said throttle valve 
extends substantially transversely of the feed fuel pipe to 
provide an air intake side of the throttle valve in its idle 
position and a manifold side of the throttle valve in its 
idle position, first sensing means positioned adjacent the 
throttle valve on the air intake side of the throttle to 
sense a fuel pressure on that side of the throttle valve, 
second sensing means positioned adjacent the throttle 
valve, on the manifold side of the throttle valve to sense 
a fuel pressure on that side of the throttle valve, a first 
and a second flexible diaphragm, means for connecting 
the diaphragms to said control rod, said first flexible 
diaphragm responsive to the fuel pressure sensed by the 
first sensing means to move the control rod, said second 
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6 
flexible diaphragm responsive to the fuel pressure sensed 
by the second sensing means to move the control rod, 
said connecting means including means for engaging the 
second flexible diaphragm with the movable control rod 
so as not to interfere with the movement of the control 
rod as it is moved by the first diaphragm. 

2. A control apparatus as set forth in claim 1, further 
comprising an atmospheric chamber maintained at Sub 
stantially an atmospheric pressure, a first pressure cham 
ber to which said fuel pressure sensed on the air intake 
side of said throttle valve is applied, and a second pressure 
chamber to which said fuel pressure sensed on the mani 
fold side of said throttle valve is applied, said first flexible 
diaphragm providing a boundary between said atmos 
pheric chamber and said first pressure chamber, said sec 
ond flexible diaphragm providing a boundary between 
said first pressure chamber and said second pressure 
chamber. 

3. A control apparatus as set forth in claim 1, further 
comprising a first pressure chamber to which said fuel 
pressure sensed by the first sensing means is applied and 
which is operatively connected to an atmospheric pres 
Sure chamber through said first flexible diaphragm, a sec 
ond pressure chamber to which said fuel pressure sensed 
by said second sensing means is applied and which is 
operatively connected to said first pressure chamber 
through said second flexible diaphragm, a first compres 
Sion spring disposed within said first pressure chamber 
to control flexing movement of said first diaphragm, and 
a second compression spring disposed within said second 
pressure chamber to control flexing movement of said 
second diaphragm, said second compression spring being 
more resilient than said first compression spring. 

4. In a dual diaphragm type apparatus for automati 
cally controlling the timing point at which an automobile 
engine is to be ignited, the combination of a support plate 
having mounted thereon a contact breaker, a cam, said 
contact breaker being controlled by said cam to open and 
close an ignition circuit for the engine, a movable con 
trol rod operative to rotate said Support plate about the 
axis of said cam to control the ignition timing of the 
engine, carburetor means including a feed fuel pipe having 
an air intake end and a manifold end, a throttle valve 
pivotally mounted in the feed fuel pipe between the air 
intake end and the manifold end, said throttle valve hav 
ing an idle position in which said throttle valve extends 
Substantially transversely of the feed fuel pipe to provide 
an air intake side of the throttle valve in its idle position 
and a manifold side of the throttle valve in its idle posi 
tion, first sensing means positioned adjacent the throttle 
valve on the air intake side of the throttle valve to sense 
a fuel pressure on that side of said throttle valve, second 
Sensing means positioned adjacent said throttle valve on 
the manifold side of the throttle valve to sense a fuel 
pressure on that side of said throttle valve, a first and a 
second flexible diaphragm means for connecting said 
diaphragms to said control rod, said first flexible dia 
phragm always engaging said control rod and responsive 
to the fuel pressure sensed by said first sensing (means to 
move said control rod, said second flexible diaphragm 
responsive to the fuel pressure sensed by said second 
sensing means, said connecting means including a cou 
pling member rigidly secured to said second flexible dia 
phragm, said coupling member being maintained dis 
engaged from said control rod when the control rod is 
moved through the flexing movement of said first dia 
phragm, and wherein said coupling member, when said 
second diaphragm is flexing, engages said control rod to 
transmit the movement of said second diaphragm to said 
control rod. 

5. A control apparatus as set forth in claim 4, further 
comprising an atmospheric pressure chamber, a first pres 
sure chamber to which the fuel pressure sensed by said 
first sensing means is applied, and a second pressure 
chamber to which the fuel pressure sensed by said sensing 
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means is applied, said first flexible diaphragm providing 
a boundary between said atmospheric chamber and said 
first pressure chamber and responsive to a difference in 
pressures within said atmospheric and first pressure cham 
bers to move said control rod, said second flexible dia 
phragm providing a boundary between said first and sec 
ond pressure chambers and responsive to a difference be 
tween the pressures in said first and second pressure 
chambers to move said control rod. 

6. A control apparatus as set forth in claim 4, further 
comprising a first pressure chamber to which the fuel 
pressure sensed by said first sensing means is applied 
and which is operatively connected to an atmospheric 

O 

pressure chamber through said first flexible diaphragm, 
a second pressure chamber to which the fuel pressure 
Sensed by said second sensing means is applied and which 
is operatively connected to said first pressure chamber 
through said second flexible diaphragm, a first compres 
sion spring disposed within said first pressure chamber to 
control flexing movement of said first diaphragm, and 
a second compression spring disposed within said second 
pressure chamber to control flexing movement of said 
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Second diaphragm, said second compression spring being 
more resilient than said first compression spring. 

7. A control apparatus as set forth in claim 2 wherein 
a first compression spring is disposed within said first 
pressure chamber to control the movement of said first 
diaphragm and a second compression spring is disposed 
within Said second pressure chamber to control the move 
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8 
ment of Said Second diaphragm, said second spring being 
capable of exerting a greater force than said first spring. 

8. A control apparatus as set forth in claim 5 wherein 
a first compression spring is disposed within said first 
pressure chamber to control the movement of said first 
diaphragm and a second compression spring is disposed 
within Said second pressure chamber to control the move 
ment of Said second diaphrgam, said second spring being 
capable of exerting a greater force than said first spring. 
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