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(57) ABSTRACT . 

A vaccum valve connected in the vacuum line be 
tween the carburetor of an internal combustion engine 
and the servo vacuum motor controlling the spark ad 
vance in the distributor, contains a time-metering ori 
fice delaying the application of vacuum to the spark 
advance actuator of the distributor for retarding the 
ignition timing during transient engine operation. Spe 
cial filters are positioned on either side of the time 
metering orifice for removing particulates from the 
fluid thereby keeping the valve free from contaminants 
that would plug the orifice. In addition, a thermal re 
sponsive actuator is used for controlling the valve op 
erating according to the ambient temperature of the 
valve. 

5 Claims, 8 Drawing Figures 
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1 
VACUUM DELAY VALVE 

BACKGROUND OF INVENTION 
1. Field of Invention 
This invention relates to vacuum valves in general 

and, particularly to time delay metering valves as used 
for controlling exhaust gas emissions from an internal 
combustion engine. 

2. Prior Art 
Various systems have been and are used for control 

ling the engine vacuum spark advance control motor 
for reducing exhaust emissions. One such system, iden 
tified as a transmission spark advance control system, 
utilizes a fluid pressure responsive switch for electri 
cally disabling the spark advance control below a cer. 
tain vehicle speed if the vehicle is equipped with an au 
tomatic transmission. If the vehicle is equipped with a 
manual transmission, the vacuum advance is disabled 
when the transmission is in first or second gear. An ex 
ample of such a switch is found in U.S. Pat. No. 
3,600,535. 
Another system is identified as an automatic vacuum 

spark advance control system and is an electric con 
trolled vacuum and speed responsive system for dis 
abling the engine vacuum advance during acceleration 
below. certain speeds and within a predetermined vac 
uum range. An example of a controller as used in such 
a system is found in U.S. Pat. No. 3,665,904. 

SUMMARY OF INVENTION 
It is, therefore, a principal object of this invention to 

control the vacuum build up at the output of a valve 
when the input vacuum is increased. 

It is another object of this invention to reduce the 
vacuum at the output of a valve when the input vacuum 
is reduced. . . . 
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It is still another object of this invention to filter out 
the smallest particles in the vacuum fluid without re 
stricting the fluid flow through the valve. 

It is yet another object of this invention to control the 
operation of the valve in response to the temperature 
environment of the valve. 
These and other objects of the invention will become 

apparent in the following drawings, detailed descrip 
tion and claims of a vacuum delay valve having a hous 
ing containing a chamber therein with an input and out 
put port for fluid communication with the chamber. A 
plate is supported within the chamber between the 
input and output ports for dividing the chamber into 
two vacuum-tight chambers. Located through the plate 
and in fluid communication with both chambers is a 
unidirectional valve for allowing the vacuum at the out 
put port to be reduced synchronously with the vacuum 
at the input port. Positioned adjacent to the unidirec 
tional valve on the plate and in fluid communication 
between both chambers is a timemetering delay orifice 
for controlling the rate of change of the vacuum at the 
outut port when the vacuum at the input port is in 
creased. In addition, a thermal responsive actuator co 
operates with the unidirectional valve to change the 
valve characteristics to a bidirectional full flow valve 
below a predetermined temperature range. 

DESCRIPTION OF THE DRAWINGS 
In the drawings: 
FIG. 1 is a schematic of the engine vacuum spark ad 

vance control system utilizing the vacuum valve; 
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2. 
FIG. 2 is a plan view of the vacuum valve; 
FIG. 3 is a sectional view of the vacuum valve taken 

along line 3-3 in FIG. 2; 
FIG. 4 is an enlarged sectional view of 

shown in FIG. 3; 
FIG. 5 is a plan view of the unidirectional valve and 

plate as utilized in the valve of FIG. 2; 
FIG. 6 is a sectional view taken along line 6-6 in 

FIG. 5 illustrating the orifice time metering valve of the 

the filter 

valve in FIG. 2; 
FIG. 7 is a plan view of another embodiment of the 

time metering orifice of the valve; and 
FIG. 8 is a sectional view taken along line 8-8 of. 

FIG. 7. 

DETAILED DESCRIPTION 
Referring to the figures by the characters of refer 

ence, there is illustrated in FIG. 1 a schematic of an in 
ternal combustion engine spark advance control system 
utilizing a vacuum delay valve. The vacuum delay valve 
10 is interconnected in the vacuum line 12 and 13 be 
tween the ported vacuum port 14 of the carburetor 16 
and vacuum motor 18 in the spark advance mechanism 
of the distributor 20. The vacuum valve 10 controls the 
application of vacuum to the vacuum motor 18 for ad 
vancing or retarding the ignition of the engine. 22. 
The vacuum valve 10 comprises a housing 24 having 

an enclosed chamber with at least two ports 26 and 27 
with an integral nipple extension for fluid communica 
tion therewith. One of the ports 26 is connected by a 
first vacuum line 12 to the carburetor 16 and another 
port 27 is connected by a second vacuum line. 13 to the 
vacuum motor 18 in the spark advance control unit. 

In the carburetor 16, schematically illustrated in FIG, 
1, the throttle plate 28 is in the illustrated position 
when the internal combustion engine 22 is at idle. The 
valve of the ported vacuum at this time is approxi 
mately equal to the atmospheric pressure of the air 
being drawin into the carburetor 16 from the air 
cleaner 30. As the throttle is opened, the throttle plate 
28 moves in a counter-clockwise position, the ported 
vacuum approaches the value of the manifold vacuum. 
In systems without the vacuum valve 10, ported vac 
uum is supplied directly to the spark advance control 
vacuum motor 18 for controlling the ignition point of 
the engine 22. During transient vehicle operation, the 
spark is advanced and, as a result, the emission gases 
are rich in oxides of nitrogen. It is a function of the vac 
uum delay valve 10 to delay the vacuum build-up ap 
plied to the spark advance control vacuum motor dur 
ing transient engine operation thereby effectively re 
tarding the spark. 
As previously stated, the vacuum valve 10 comprises 

a housing 24 containing an enclosed chamber with at 
least two spaced-apart ports 26 and 27, namely, an 
input 26 and output 27 port. Supported within the 
chamber is a plate means 32 for dividing the chamber 
into a first 34 and a second 36 pressure chamber 
wherein each of said chambers has a port connected 
thereto. 

In the preferred embodiment, the plate 32 has an ap 
erture 38 therein for receiving a unidirectional or dump 
valve 40 for controlling the fluid communication be 
tween the two chambers 34 and 36. When the pressure 
in the first chamber 34 is greater than the pressure in 
the second chamber 36, the dump valve 40 permits un 
restricted fluid communication between the chambers. 
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However, when the pressure is less or the vacuum 
greater in the first chamber, the dump valve blocks 
fluid communication between the two chambers. 
Located in the plate 32 and out of the confines of the 

dump valve 40 is a delay orifice 42 for controlling the 
rate of fluid communication between the chambers 
when the vacuum is greater in the first chamber 34. 
Therefore, the dump valve 40 allows unrestricted fluid 
communication between the chambers when the pres 
sure is greater in the first chamber and the delay orifice 
42 controls the fluid communication between the 
chambers when the vacuum is greater in the first cham 
ber 34. 

In the preferred embodiment and as illustrated in 
FIG. 1, the vacuum valve is physically positioned on ei 
ther side of the engine compartment fire wall 44 with 
a portion of the valve protruding into the cowl inlet 
area. Located in the portion of valve in the cowl area 
is a thermal actuating member 46 or bi-metal which co 
operates with an aperture 48 in the dump valve making 
the operation of the dump valve responsive to the tem 
perature of the valve environment. 
As illustrated in FIG. 3, the dump valve 40 is an um 

brella-shaped valve having the axially located aperture 
48 extending through both the umbrella portion 50 and 
stem portion 52 of the valve. The stem portion 52 is lo 
cated in the aperture 38 in the plate 32 between the 
chambers 34 and 36 thereby locating and holding the 
valve in position. The aperture 48 provides bidirec 
tional fluid communication between the chambers. 
When the temperature of the environment surround 

ing the valve is above a first predetermined tempera 
ture which is 68°F., the bi-metal member 46 is in its 
first position in contact with the stem portion 52 of the 
dump valve thereby sealing the aperture 48 against 
fluid communication therethrough. When the tempera 
ture goes below a second predetermined temperature 
of 48°F., the bi-metal member 46 snaps over to its sec 
ond position away from the dump valve thereby open 
ing the aperture 48. 
The aperture 38 in the plate 32 in the preferred em 

bodiment as illustrated in FIG. 5, comprises an elon 
gated slot having a portion 54 at one end with a diame 
ter which is greater than the diameter of the stem por 
tion 52 of the dump valve. At the other end of the slot 
there is the aperture 38 having a diameter adapted to 
receive one of the smaller diameters of the stem 52. 
The particular configuration of the slot as illustrated in 
FIG. 5 permits easy insertion of the valve 40 into the 
plate 32 at the one end and also provides a path for 
fluid communication between the chambers when the 
pressure is greater in the first chamber. Thus, if the 
temperature is greater than 68°F., the dump valve func 
tions as a unidirectional valve inasmuch as the axially 
located aperture 48 is closed by the thermal actuated 
member 46. Below 48F., the dump valve is a bi 
directional valve with fluid communication in both di 
rections through the aperture 48 in the valve. 
The delay valve in a preferred embodiment is a small 

orifice 42 extending through the plate 32 and located 
outside of the confines of the umbrella portion 50 of 
the dump valve 40. The orifice 42 has a predetermined 
diameter for controlling the rate of fluid communica 
tion between the chambers 34 and 36 when the temper 
ature is greater than 68°F. and the dump valve aperture 
48 is sealed. 
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4. 
In the preferred embodiment as illustrated in FIG. 6, 

the side 56 of the plate 32 facing the first chamber 34 
has a coined or thinned area 58 for reducing the thick 
ness of the plate 32. The orifice 42 is located within this 
area thereby reducing the length of the orifice and re 
ducing the manufacturing time to put the orifice in the 
plate. 

In the preferred embodiment, the orifice 42 is .005 
inch long and the diameter is 0.003 inch resulting in a 
time delay of 28 seconds for increasing the vacuum in 
the second chamber 36 from 0 to 9.5 inches of mercury 
when the vacuum in the first chamber 34 is equal to 12 
inches of mercury. 
FIGS. 7 and 8 illustrate a modification of the delay 

valve comprising a second aperture 60 in the plate lo 
cated under the umbrella portion 50 of the valve and 
a small coined slot 62 extending from the second aper 
ture to outside the umbrella perimeter. The volume of 
the slot 62 enclosed by the edge of the umbrella deter 
mines the time delay. The second aperture 60 can also 
function as the check valve allowing communication 
when the vacuum is greater in the second chamber. 

Positioned on either side of the orifice 42 in both 
chambers is a filter 64 for filtering out foreign particles 
in the fluid passing through the valve. Each of the filters 
64 is a laminated filter comprising of four layers which 
are enclosed in a housing 66 forming a unitary struc 
ture. The first filter member 68 which is positioned fur 
thest from the orifice, is a random orientated felt mate 
rial providing a depth filter for trapping relatively large 
foreign particles in the fluid flow and also for dispersing 
the fluid flow through the filter. The second filter mem 
ber 70 which is positioned in contact with the first filter 
member 68 is a paper filter for removing from the fluid 
passing through the first filter member, particles having 
a size greater than 15 microns. The third filter member 
72 positioned in contact with the second filter member 
is fiberglas filter for removing from the fluid passing 
through the second filter member, particles having a 
size greater than 0.3 microns. 
The last layer 74 of the filter 64 is a nylon screen for 

protecting the fiberglas filter 72 when the nylon hous 
ing 66 is moulded around the laminated members form 
ing a unitary structure. Thus, it is seen that the fluid 
leaving the filter 64 will be dispersed fluid free from 
particles greater than 0.3 microns in size. The filter 64 
is pressed into the valve housing 24 such that all fluid 
flow must go through the filters 64 and cannot go 
around the filter housing. A spring clip 76 may be used 
for holding the filter in the housing. 

In addition to the above two laminated filters 64, 
there is an additional filter 78 in the first chamber. This 
filter is for removing from the fluid any liquids such as 
gasoline or water which may be in the vacuum line 12 
coming from the carburetor and which, if not removed, 
would tend to clog and block the filter 64. 
The method of fabricating the delay valve comprises 

the use of an electric discharge machine for boring the 
orifice 42 in the plate 32. The plate 32 is first formed 
to size and shape as illustrated in FIG. 5 having the cen 
tral aperture 38 and 52 formed therein. Next, a small 
area 58 near the outside periphery of the plate is coined 
to a reduced thickness. The plate member 32 is posi 
tioned within an electric discharge boring machine in 
such a manner that the electron beam from the ma 
chine will pass through the coined area 58. As previ 



5 
ously indicated in the preferred embodiment, the ori 
fice 42 is 0.003 inch in diameter. 

. After all the individual parts of the delay valve 10 are 
fabricated, they are subjected to an ultrasonic cleaning 
process to remove all foreign particles. After cleaning 
the valve is then assembled in a "Clean Room' area. 
This method of assembly assures that when the valve 10 
is assembled, there are no dirt particles within the valve 
which will render the valve inoperative. As previously 
mentioned, the laminated filters 64 function to clean 
the fluid flow through the valve after the valve is assem 
bled. The filters are such as to reject particles as small 
as 1/200th the diameter of the human hair from reach 
ing the orifice 42. 
As illustrated in the drawings, a major portion of the 

first chamber 32 is offset from the second chamber 36 
and, in order to provide fluid communications between 
the two chambers a rubber gasket 80 cooperating with 
an upper housing member 82 forms a passageway be 
tween both sections of the first chamber 34. 
As indicated above, the function of the vacuum valve 

is to delay the vacuum build-up to the distributor vac 
uum 18 motor. This delay occurs when the vacuum in 
the carburetor 6 is greater than the vacuum in the dis 
tributor vacuum motor 18. This delay functions to re 
tard the engine spark thereby delaying the burning pro 
cess in the cylinders. When the burning process is de 
layed the exhaust gas temperatures are increased and 
peak cylinder pressures are reduced thereby reducing 
the amount of unburned hydrocarbons and oxides of 
nitrogen in the exhaust gas from the engine 22. How 
ever, due to the structure of the valve 10 when the tem 
perature is low below 48°F., there is no delay through 
the valve in either direction. 
There has thus been shown and described a vacuum 

delay valve 10 such as may be used in a motor vehicle. 
At predetermined temperatures, the valve operates to 
delay, the build-up of vacuum from the carburetor to 
the vehicle spark advance control unit. However, when 
the vacuum is greater at the control unit, the valve 
functions to provide nonrestrictive fluid flow to reduce. 
that vacuum. 
What is claimed is: 
1. A vacuum delay valve comprising: 
a housing defining an enclosed chamber having at 

least two ports therein; 
plate means having an aperture therein and sup 
ported within said chamber for dividing said cham 
ber into first and second separate pressure cham 
bers each of which chambers has a port connected 
thereto for fluid communication therewith; 

unidirectional valve means located within said aper 
ture for sealing said aperture from fluid communi 
cation between said chambers when the vacuum in 
the first chamber is greater than the vacuum in the 
second chamber and operable for conducting fluid 
communication between said chambers when the 
vacuum in second chamber is greater than the vac 
uum in the first chamber; 

a delay valve means located in said plate means and 
controlling the rate of fluid communication be-, 
tween said chambers when the vacuum in the first 
chamber is greater than the vacuum in the second 
chamber; and 

filter means positioned between said plate means and 
each of said ports and comprising: 
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6 
a first filter member for dispersing the fluid flow 
therethrough and trapping large dirt particles trav 
elling in the fluid; 

a second filter member positioned for receiving the 
fluid flow from said first filter member for remov 
ing dirt particles larger than a predetermined size 
travelling in the fluid between said first member 
and second filter member; 

a third filter member positioned for receiving the 
fluid flow from said second filter member for re 
moving dirt particles larger than a predetermined 
size travelling in the fluid between said second fil 
ter member and the third filter member; and 

a housing member for retaining said first, second and 
third filter members in a unitary structure. 

2. In the fluid flow valve according to claim 1 
wherein the filter means additionally includes a fourth 
filter member for protecting said third filter and a hous 
ing member for retaining said first, second, third and 
fourth filter members in a unitary structure. 

3. In the fluid flow valve according to claim 2 
wherein said first filter member comprises a random 
orientated felt material, said second filter member is a 
paper filter, said third filter member is a fiberglas filter 
and said fourth filter member is a nylon screen mem 
ber. 

4. In a fluid flow valve according to claim 3 wherein 
said first predetermined size is greater than 15 microns 
and said second predetermined size is greater than 0.3 
microns. 

5. In a motor vehicle with an internal combustion en 
gine having a vacuum-controlled distributor for con 
trolling the timing point at which the engine is to ignite, 
a vacuum delay valve interconnected in the vacuum 
line between the carburetor and the vacuum motor 
controlling the distributor, said vacuum valve compris 
Ing: 
a pressure chamber connected at one end for fluid 
communication with the vacuum source in the car 
buretor and connected at the opposite end for fluid 
communication with the vacuum motor; 

plate means positioned within said pressure chamber 
for dividing said chamber into two fluid-tight vac 
uum chambers; 

a dump valve positioned within said plate means, said 
dump valve having an aperture therein for inter 
connecting said two vacuum chambers; 

a temperature responsive actuator for sealing said ap 
erture at a first temperature allowing fluid flow be 
tween said vacuum motor and said carburetor 
when the vacuum at the carburetor is less than at 
the motor and restricting fluid flow when the vac 
uum at the carburetor is greater; 

an orifice delay valve positioned within said plate 
means for controlling the rate of the fluid flow be 
tween the vacuum motor and the carburetor when 
the vacuum is greater at the carburetor; 

laminated filter means positioned on either side of 
said plate means for removing particles from the 
fluid flowing between the vacuum motor and the 
carburetor thereby maintaining said time delay 
valve free from particles; and . . . . 

a gasoline filter means positioned in said pressure 
chamber between the carburetor and the laminated 
filter means for removing gasoline from the fluid 
flowing through the valve. 

sk. k. k k 


