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57 ABSTRACT 

An exhaust gas recirculation control system wherein a 
vacuum motor responsive to carburetor venturi vac 
uum varies the loading on a valve controlling air bleed 
to a vacuum operated servo unit which positions an 
exhaust gas recirculation control valve so as to pro 
vide a recirculation rate proportional to venturi vac 
uum and engine air consumption. 

2 Claims, 4 Drawing Figures 
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VENTUR WACUUM RESPONSIVE EXHAUST GAS 
RECIRCULATION CONTROL SYSTEM 

This invention relates to exhaust gas recirculation for 
internal combustion engines and, in particular, to a 
control for the exhaust gas recirculation valve in a 
motor vehicle exhaust emission system to provide a re 
circulation rate proportional to engine air consump 
tion. 
One of the methods used to reduce oxides of nitrogen 

emissions from the exhaust gases in an internal com 
bustion engine is to recirculate a portion of the exhaust 
gas through the engine air intake upstream of the in 
take manifold. To achieve a greater reduction in the 
oxides of nitrogen with minimal deterioration of vehi 
cle drivability, the amount of exhaust gas recirculation 
should be proportional to engine air consumption 
throughout the normal operating range of the engine. 
Additionally, it is desirable to stop recirculation during 
engine idling and operation at or near wide open throt 
tle. 
The present invention provides a control system for 

exhaust gas recirculation satisfying the above needs. In 
particular, the system incorporates a first vacuum 
motor which uses the venturi vacuum signal to provide 
an output proportional to the engine air consumption. 
A second vacuum motor fluidly connected to the throt 
tle bore of the carburetor controls the EGR or exhaust 
gas recirculation valve. At idle, the second vacuum 
motor experiences minimum vacuum and maintains the 
valve in the desired closed position. To provide propor 
tional control during normal operation, output of the 
first vacuum motor is connected by a spring to an air 
bleed valve in the vacuum line leading to the second 
vacuum motor. The air bleed valve acts to limit the 
maximum vacuum in the line and at the second vacuum 
mojor proportional to venturi signal. At a predeter 
mined air flow rate, corresponding to the desired maxi 
mum recirculation rate, the air bleed valve closes, and 
as the throttle is opened further the vacuum in the 
throttle bore decreases resulting in a decreasing vac 
uum at the second vacuum motor. Accordingly, the ex 
haust gas recirculation valve gradually closes as the 
throttle bore vacuum decreases. At a second predeter 
mined airflow rate near wide open throttle, the exhaust 
gas recirculation valve will be completely closed. Ac 
cordingly, the system provides flow proportional valve 
regulation during normal driving while ceasing recircu 
lation during idling and high power demand operation. 
The above and other features of the present inven 

tion will be apparent to one skilled in the art upon read 
ing the following detailed description, reference being 
made to the accompanying drawings illustrating a pre 
ferred embodiment of the present invention in which: 
FIG. 1 is a plan view of a V-8 engine intake manifold 

containing induction passages and an exhaust crossover 
passage, the manifold including a carburetor spacer 
plate containing an exhaus recirculation passage and 
carrying an exhaust recirculation valve assembly; 
FIG. 2 is a transverse sectional view taken generally 

along line 2-2 of FIG. 1 showing the induction and ex 
haust crossover passages and the inlet to the exhaust 
gas recirculation passage in the spacer plate to which 
a carburetor has been added; 
FIG. 3 is an enlarged sectional view taken along line 

3-3 of FIG. 1 showing the details of the exhaust gas 
recirculation control valve, the venturi vacuum respon 
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2 
sive vacuum motor including the air bleed valve, and 
the vacuum connections with the carburetor; and 
FIG. 4 is a modified form of the present invention in 

corporating a single unit having a venturi vacuum re 
sponsive motor and an exhaust gas recirculation valve. 

Referring to FIGS. 1 and 2, there is shown an intake 
manifold 10 for a V-8 type internal combustion engine 
12. The intake manifold 10 has a pair of vertical pri 
mary riserbores 14 and 16 and a pair of secondary riser 
bores 18 and 20. The riser bores 14 and 18 open to an 
upper horizontal plenum 22 connected forwardly or 
leftwardly as viewed in FIG. 1 to a first pair of trans 
verse runners 24 and 26. The riser bores 14, 18 are 
connected rearwardly or rightwardly as viewed in FIG. 
1 to a second pair of transverse runners 28 and 30. In 
a similar fashion, the riser bores 16 and 20 open to a 
lower horizontal plenum 32 which are connected for 
wardly to a third pair of transverse runners 34, 36. The 
riser bores 16, 20 are rearwardly connected to a fourth 
pair of transverse runners 38 and 40. 
An exhaust crossover passage 42 extends trans 

versely beneath the plenums 22, 32 between ports 44, 
46. During engine warmup, the exhaust gases are 
routed through the exhaust crossover passage 42 by a 
conventional temperature responsive valve to promote 
rapid heating of the intake manifold. 
A carburetor spacer plate 48 is centrally secured on 

the intake manifold 10 and has primary riser bores 50, 
52 respectively registering with riser bores 14, 16. The 
spacer plate 48 has secondary riserbores 54, 56 respec 
tively registering with riser bores 18, 20. A carburetor 
60 is mounted on the spacer plate 48 and has primary 
throttle bores 62, 64 which register respectively with 
primary riserbores 50, 52. The throttle bores 62, 64 in 
clude venturi's 66, 68 respectively. The carburetor 60 
additionally has secondary throttle bores (not shown) 
which register with the secondary riser bores 54, 56 of 
the spacer plate 48. 
A vertical port 70 is slightly spaced from the second 

ary riser bore 56 and leads upwardly from the exhaust 
crossover passage 42. The port 70 fluidly connects with 
a horizontal runner 72 of an exhaust gas recirculation 
passage formed in the carburetor spacer plate 48. The 
runner 72 leads through an exhaust gas recirculation or 
EGR valve 80 to a second horizontal runner 82 of the 
recirculation passage. The second runner 82 has a pair 
of branches 84, 86 which lead to the primary riser 
bores 50, 52 in the spacer plate 48. 
Referring to FIG.3, the EGR valve 80 is substantially 

identical in construction to that disclosed in the pend 
ing application of Edward G. Day and Ernest L. Ranft, 
U.S. Pat. Ser. No. 90,399, filed on Nov. 17, 1970 and 
entitled "Exhaust Gas Recirculation.' The present 
valve functions in the same manner and will be de 
scribed primarily with reference to its operation in the 
instant system. 
The valve 80 generally comprises a motor housing 90 

having a circular diaphragm 92 dividing the former into 
a vacuum chamber 94 and an atmosphere chamber 96. 
A downwardly projecting valve stem 98 is centrally at 
tached to the diaphragm 92. The valve member 100 is 
attached to the valve stem 98 and has a conical pintle 
which cooperates with a circular valve eat 102 
mounted on a valve body 104 to restrict the flow of ex 
haust gases from the runner 72 through an intermediate 
chamber 106 to the second runner 82. The housing 90 
and the valve body 104 are suitably mounted on the 



3 
spacer plate 48. A coiled spring 108 disposed in the 
vacuum chamber 94 serves to normally bias the dia 
phragm 92, the valve stem 98, and the valve member 
100 to a closed position. 
During engine operation, the flow conditions in the 

venturi 68 of the throttle bore 64, produce a vacuum 
signal proportional to engine air consumption. In the 
present invention, this vacuum signal is used to control 
the opening and closing of the valve 100. More particu 
larly, the primary throttle bores 62 and 64 include 
throttle plates 110, 112, which are controlled by a suit 
able throttle linkage, the throttle plate 112 being illus 
trated in the closed position in FIG. 3. A port 120 is 
formed in the carburetor and communicates with the 
venturi 68. A vacuum conduit 122 fluidly connects the 
port 120 with a venturi signal responsive vacuum motor 
124. A port 126 communicates with throttle bore 64 
slightly upstream of the throttle plate 112 when the lat 
ter is in the closed position. The port 126 is fluidly con 
nected to an air bleed valve 130 and the EGR valve 80 
by vacuum lines 132, 134 which together with the vac 
uum motor 124 form a control system for recirculation 
of exhaust gases. 
During operation of the engine at closed throttle, the 

air flow through the venturi 68 and the throttle bore 64 
produces a minimal vacuum. As the throttle is progres 
sively opened and as the edge of the throttle plate 112 
traverses the port 126, a maximum vacuum condition 
will exist in lines 132, and 134 and at port 126. As the 
air flow through the venturi 68 progressively increases, 
the vacuum signal increases while the vacuum at port 
126 progressively decreases. These vacuum conditions 
will be utilized in the hereinafter described manner to 
provide three modes of control for the valve 80. 
The vacuum motor 124 comprises a cover 140 and 

a base 142 between which a flexible diaphragm 144 is 
disposed. The diaphragm 144 and the cover 140 coop 
erate to define a vacuum chamber 146. The vacuum 
conduit 122 is connected to a port 148 in the cover 148 
to connect the chamber 146 to vacuum conditions at 
the venturi 68. A stem 150 is centrally connected to the 
diaphragm 144 and moves axially in accordance with 
movement thereof. A coil spring 152 is interposed be 
tween base 142 and a stop plate 154 adjustably carried 
on the stem 150. The spring 152 normally biases the 
stem 150 to the right or minimum output position. 
The air bleed valve 130 is mounted on a plate 160 

connected to the base plate 142 by studs 162. The air 
bleed valve 130 includes housing sections 166, 168 de 
fining an intermediate vacuum chamber 170 in lines 
132, 134. The section 166 includes ports 172, 174 
which are respectively connected to vacuum lines 132, 
134. In this manner, vacuum conditions at the throttle 
bore 64 are transmitted through intermediate chamber 
170 to the chamber 94. The rear section 168 includes 
a conical valve seat 180 in which a conical head of an 
air bleed valve member 184 is seated. The shank of the 
air bleed valve member 184 is connected to the stem 
150 by an extension spring 186. The initial preloading 
of the spring 186 may be varied by adjustment of an ad 
justing screw 190 which pivots the air bleed valve 130 
against the biasing of the spring 186 and by adjustment 
of the preloading of the spring 152. 
The chamber 170 will experience vacuum conditions 

in accordance with the vacuum at the port 126. The 
pressure differential on either side of the valve 184 will 
act against the loading of the spring 186 to govern the 
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opening and closing of the valve 130. Inasmuch as the 
loading on the spring 186, after initial setting of the 
preloading, will be determined by the position of stem 
150 of motor 124, the air bleed into chamber 170 will 
be inversely proportional to the venturi signal and en 
gine air consumption. Accordingly, the loading on the 
spring 186 can be coordinated with diaphragm move 
ment 144 to control the air bleed into chamber 170. 
The amount of air bleed can then be used to control 

maximum and minimum vacuum conditions in cham 
ber 94 of the EGR valve 80. At minimum vacuum, the 
valve 100 would be closed. At idle, for instance, the 
vacuum at the port 126 will be minimal as will the en 
gine air consumption or venturi vacuum at the port 
120. Accordingly, the output of the motor 124 is mini 
mal and the force of spring 186 is at its lowest value. 
This result in maximum air bleed through the valve 184 
and the vacuum in lines 132, 134 will be the lowest. 
Under these vacuum conditions, the spring 108 is se 
lected to bias the valve 100 fully closed. As the throttle 
112 begins to open, the vacuum in line 132 will 
abruptly increase to a maximum value while the air 
flow will slightly increase so that the loading on the 
valve 184 is still essentially at the minimum and the air 
bleed is at a maximum. The air bleed under these con 
ditions is selected to establish a vacuum in chamber 
170 as transmitted through lines 134 to chamber 94 
which acts to balance the biasing of spring 108. There 
after, as the throttle opens, the vacuum in line 132 de 
creases while the air flow signal at port 120 increases. 
This increases the output of motor. 124, extends the 
spring 186 and decreases the air bleed across valve 
member 184. Inasmuch as the vacuum at port 120 in 
creases at a faster rate than the rate of decrease at port 
126, the transmitted vacuum to the chamber 94 will in 
crease thereby progressively opening the EGR valve 
100. At the air flow rate where maximum recirculation 
is desired, the air valve bleed is selected to be the low 
est such that the spring 186 holds the valve member 
184 closed against the pressure differential. Under 
these conditions, the pressure differential on the dia 
phragm 92 is greatest, the opening of valve 100 is at a 
maximum, and the flow of exhaust gases from runner 
72 to runner 82 is at a maximum. As the throttle open 
ing increases, the vacuum in line 132 decreases, the 
closing force on valve member 184 increases and the 
vacuum in chamber 94 gradually decreases thereby re 
sulting in a closing movement of the valve 80. At or 
near wide open throttle, where vacuum at port 126 is 
minimal, the vacuum in chamber 94 is minimal and the 
spring 108 biases valve member 100 to the closed posi 
tion. 
This system thus provides three distinct operating 

modes for the EGR valve 80. First, the valve 80 will be 
fully closed during idling. Second, as the throttle open 
ing progressively increases, the valve 80 will gradually 
open to a predetermined amount and provide an ex 
haust gas recirculation flow rate proportional to engine 
air consumption. Third, after the desired maximum 
flow, the valve 80 will gradually close until shut at wide 
open throttle. 

Referring to FIG. 4, there is shown an alternate form 
of the invention wherein the exhaust gas recirculation 
valve, the venturi vacuum responsive motor, and the air 
bleed motor are integrated into a single unit. More par 
ticularly, a multiple purpose control valve 200 com 
prises a housing having an upper section 202 and a 
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lower section 204. A pair of diaphragms 206, 208 are 
positioned on either side of a ring member 210. The di 
aphragms 206, 208, the ring member 210, and the 
upper section 202 are secured in spaced relationship to 
the lower section 204 by an inwardly turned flange 212. 
The diaphragm 206 and the upper section 202 define 
a first vacuum chamber 214. The chamber 214 is flu 
idly connected to the poart 120 of the carburetor by 
vacuum line 122 via port 216. The diaphragms 206, 
208 and the ring 210 define an intermediate chamber 
218 exposed to atmosphere at port 222. The lower sec 
tion 204 and the diaphragm 208 define a second vac 
uum chamber 224 directly fluidly connected to intake 
manifold vacuum by line 132 via port 226. 
A valve stem 230 carried by the diaphragm 208 in 

cludes a conical valve member 232 which cooperates 
with a cylindrical valve seat 234 to control the flow of 
exhaust gases therepast. A coil spring 236 in chamber 
224 biases the valve stem 230 and the valve member 
232 to the open position. An internal axial passage and 
a radial passage at the upper section of the valve stem 
230 define an air bleed passage 238. A valve member 
240 carried by the diaphragm 206 includes a head sec 
tion 242 which seats in the upper portion of the passage 
238 to control the passage of air therethrough. A coil 
spring 244 in the chamber 214 downwardly biases the 
diaphragm 206 to normally seat the head 242 in the 
passage 238. 
During operation of the engine at idle, the springs 

236,244 cooperate to seat the valve member 242 in the 
passage 238 and the high vacuum in chamber 224 
draws the diaphragm 208 to its lower closed position. 
As the air flow through the venturi 68 increases, the 
signal through the line 122 to the chamber 214 in 
creases and the diaphragm 206 will tend to move up 
wardly against the bias of spring 244. Under these con 
ditions, the valve 242 will be unseated and air will bleed 
into chamber 224 and diaphragm 208 will move up 
wardly until equilbrium is established and a valve open 
ing for valve member 232 is achieved in proportion to 
the engine air consumption. As the airflow through the 
venturi 68 increases as throttle plate 112 moves to the 
fully open position, the vacuum in chamber 214 pro 
gressively increases and the valve will move steadily up 
ward as described above. This upward movement will 
continue until such time as the stop plate 250, axially 
spaced from the valve member 232, engages the lower 
edge of valve seat 234 and exhaust gas recirculation is 
stopped. In this form, the travel of the valve member 
232 as a function of venturi signal and manifold vac 
uum is unidirectional. 
Although only two forms of this invention have been 

shown and described, other forms will be readily appar 
ent to those skilled in the art. Therefore, it is not in 
tended to limit the scope of this invention by the em 
bodiments selected for the purpose of this disclosure 
but only by the claims which follow. 
What is claimed is: 
1. In an internal combustion engine having an intake 

manifold having an exhaust crossover passage through 
which exhaust gases flow, an exhaust gas recirculation 
passage fluidly connecting the intake manifold and the 
exhaust crossover passage, a carburetor fluidly con 
nected with the intake manifold, said carburetor having 
a venturi section with a vacuum signal proportional to 
engine air consumption and a throttle bore with a vary 
ing vacuum signal having a movable throttle plate; an 
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6 
exhaust gas recirculation control system, comprising: a 
first valve in the recirculation passage, said first valve 
including a first valve member movable between a max 
imum opening and a minimum opening with respect to 
said recirculation passage to restrict flow of exhaust 
gases therethrough; a first vacuum motor having a first 
diaphragm means defining a first vacuum chamber; 
means connecting said first valve member to said first 
diaphragm means for moving the former between said 
minimum and maximum openings in accordance with 
applied vacuum in said first vacuum chamber; first con 
duit means fluidly connecting the throttle bore with 
said first vacuum chamber; a second valve associated 
with said first conduit means, said second valve mov 
able between a first position for admitting air into said 
first conduit means to reduce the vacuum therein and 
movable to a second position for preventing the flow of 
air to said first conduit means, said second valve being 
biased to said first position by the pressure differential 
thereacross between atmosphere and vacuum in said 
first conduit means; a second vacuum motor having 
second diaphragm means defining a second vacuum 
chamber; output means connected to said second dia 
phragm means; second conduit means fluidly connect 
ing the venturi section with said second vacuum cham 
ber whereby said output means moves in accordance 
with vacuum conditions at said venturi section; yield 
able means connecting said output means and said sec 
ond valve for biasing the latter against the pressure dif 
ferential in accordance with applied vacuum at said 
second vacuum chamber, the arrangement being such 
that the greatest airflow past said second valve is at the 
lowest applied vacuum in said second vacuum chamber 
and the applied vacuum in said first vacuum chamber 
is lowest such that said first valve moves to said mini 
mum opening position, said venturi vacuum signal in 
creasing and said throttle bore signal decreasing upon 
increasing throttle plate opening whereby the pressure 
differential decreases and the applied vacuum at said 
second vacuum chamber increases such that said air 
flow past said second valve is reduced and the vacuum 
at said first vacuum chamber increases thereby causing 
said first valve to move to said maximum opening posi 
tion at an opening rate proportional to engine air con 
sumption. 

2. An internal combustion engine having an intake 
manifold; a pair of spaced exhaust manifolds for dis 
charging exhaust gases; an exhaust crossover passage in 
said intake manifold fluidly connecting said exhaust 
manifolds and defining the flow path for said exhaust 
gases; an exhaust gas recirculation passage connecting 
the intake manifold and the exhaust crossover passage; 
a carburetor associated with the intake manifold, said 
carburetor having a venturi section with a vacuum sig 
nal proportional to engine air consumption and a throt 
tle bore with a varying vacuum signal and having a 
throttle plate movable therein between an open posi 
tion and a closed position; an exhaust gas recirculation 
valve in the recirculation passage, said recirculation 
valve having an aperture and valve member movable 
with respect to said aperture to restrict flow of exhaust 
gases therethrough to thereby control the flow of ex 
haust gases between said exhaust crossover passage and 
said intake manifold, said valve member movable be 
tween a fully open position and a fully closed position; 
a first vacuum motor having a first diaphragm defining 
a first vacuum chamber; means connecting said valve 



7 
member to said first diaphragm whereby the former 
moves between said positions in accordance with ap 
plied vacuum in said first vacuum chamber; a first vac 
uum line fluidly connecting said throttle bore with said 
first vacuum chamber upstream of the throttle plate 
when the latter is in said closed position; a second vac 
uum motor having a second diaphragm defining a sec 
ond vacuum chamber; an output shaft connected to 
said second diaphragm; a second vacuum line fluidly 
connecting the venturi section with said second vac 
uum chamber whereby said output shaft moves in ac 
cordance with vacuum conditions at said venturi sec 
tion and said second vacuum chamber; an air bleed 
valve in said first vacuum line, said air bleed valve hav 
ing a valve movable between a first position for admit 
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8 
ting air to said first vacuum line to reduce the applied 
vacuum therein and movable to a second position 
wherein the flow or air to said first vacuum line is pre 
vented; a spring yieldingly connecting said output shaft 
and said valve member and normally biasing said air 
valve to said second position against the pressure dif 
ferential thereacross between atmosphere and said first 
vacuum line, said venturi vacuum signal increasing and 
said throttle bore vacuum signal decreasing as said 
throttle plate moves to the open position such that sec 
ond vacuum motor and spring increasingly opposes 
said pressure differential and said valve moves to said 
fully open position at an opening rate proportional to 
engine air consumption. 
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