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[5 7 ] ABSTRACT 

An exhaust gas recirculation system for an internal 
combustion engine with a carburetor and a throttle for 
controlling air-fuel ?ow to the intake manifold of the 
vehicle; an exhaust gas recirculation conduit is con 
nected between the vehicle exhaust and an induction 
passageway between the carburetor and the throttle. 
Valve means are operated in accordance with the in— 
take manifold pressure to vary the amount of exhaust 
gas recirculation into the induction manifold, the 
valve having a high rate ?ow area scheduled to pro 
duce an increasing ratio of exhaust gas recirculation to 
intake air ?ow so as to continually increase the ex 
haust gas recirculation on increasing engine load 
thereby to maintain reduced vehicle NO, emissions 
during all operating conditions. I 
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EXHAUST GAS RECIRCULATION SYSTEM WITH 
HIGH RATE VALVE 

This invention relates to exhaust gas recirculation 
systems for controlling emissions in vehicles and more 
particularly to such systems wherein valve means regu 
late the flow of exhaust gas recirculation from the ex 
haust manifold to the intake manifold in accordance 
with vehicle load changes. 
Under very light engine loading, those cases where 

engine operation is under highly throttled conditions, 
a signi?cant amount of exhaust gas is retained in the 
combustion chamber of the vehicle. This is due to both 
the throttling effect and the fact that there is a clear 
ance volume effect in all internal combustion engines. 
The high throttle condition and the presence‘ of a clear 
ance volume at the end of a piston stroke causes reten 
tion of exhaust gas within the cylinder hereafter re 
ferred to as internal exhaust gas recirculation or resid 
ual fraction. Since the exhaust gas fraction of the com 
bustion chamber mixture is large during highly throt 
tled engine operation, the formation of NO, in the 
combustion chamber is severely inhibited. On the other 
hand, in internal combustion systems utilizing exhaust 
gas recirculation for control of emissions, under highly 
loaded engine operation the clearance volume effect 
and throttling effect is reduced because of the in 
creased intake manifold pressure and open throttle po 
sition. This causes the residual fraction to be quite 
small as compared to the residual fraction during oper 
ation of the engine under light load conditions. Accord 
ingly, internal combustion gasoline engines are charac 
terized by signi?cantly more NO,r emissions during 
high load operation, for example, under conditions 
where the vehicle is accelerated, than during light load 
conditions as for example, when it is operating at .idle. 

In order to optimize the exhaust gas recirculation 
rate to maintain reduced vehicle NO, emissions during 
all operating conditions, the combustion chamber ex 
haust gas residual fraction or internal EGR should be 
maintained as substantial as possible but slightly less 
than that cylinder dilution or combustion chamber di 
lution that will result in engine misfire. In a typical in 
ternal combustion engine, the engine residual fraction, 
the ratio of residual exhaust gases in the combustion 
chamber and the air intake into the cylinder will be 
substantial at idle conditions and will decrease to a rel 
atively reduced level at low inlet manifold vacuums. To 
optimize operation of the exhaust gas recirculation 
rate, the total charge dilution ofa combustion chamber 
mixture should be that which will produce minimum 
NO, emissions for different intake manifold vacuums. 
The difference between the desired total dilution and 
the internal EGR or residual fraction is the amount of 
exhaust gas recirculation that is required for minimum 
NOI emissions. 
The exhaust gas retained in the combustion chamber 

after each exhaust event is the result of both the clear 
ance volume in the combustion chamber and a re?ec 
tion of the degree of throttling of the engine. For exam 
ple, a low compression ratio engine has a larger clear 
ance volume to piston displacement ratio than a high 
compression ratio enginev Hence, the percentage of ex 
haust gas retained in the combustion chamber after the 
exhaust event is larger in the case of the low compres 
sion engine than in the case of a high compression en 
gine. Throttling of the internal combustion engine re 
sults in a condition such that the combustion chamber 

15 

25 

30 

35 

45 

50 

60 

65 

2 
does not receive a full charge of intake air-fuel mixture. 
As the engine becomes more severely throttled, the 
ratio between the amount of retained exhaust gas and 
the intake air-fuel mixture increases. Hence, under 
highly throttled conditions, the percentage of exhaust 
gas contained in the combustion chamber is high and 
it has been observed that under these conditions, en 
gine NOJr emissions are quite low. On the other hand, 
where the engine is only slightly throttled, as under 
high engine load conditions, the percentage of exhaust 
gas contained in the combustion chamber is small. It is 
observed that under these conditions, the engine NOJr 
emissions are high. . 

An object of the present invention is to minimize 
NO, emissions from an internal combustion engine by 
the provision of exhaust gas recirculation valve means 
operated in accordance with changes in intake mani 
fold vacuum and including a scheduled ?ow area there 
through to produce an increasing ratio of exhaust gas 
recirculation to intake air flow which increases in ac 
cordance with increasing engine load as re?ected by 
the absolute pressure in the intake manifold of the en 
gine. 
Another object of the present invention is to improve 

the control of exhaust gas emissions in an internal com 
bustion engine by the method of determining the resid 
ual fraction of exhaust in the combustion chamber of 
the vehicle at different intake manifold pressure condi 
tions; determining the desired total charge dilution in 
the combustion chamber at which NO, emissions are 
minimized without effecting engine performance; se 
lecting a scheduled ?ow area in an exhaust gas recircu 
lation control valve and selectively opening the sched~ 
uled flow area to produce an increasing exhaust gas to 
inlet air ratio that will combine with the residual frac 
tion in the combustion chamber to produce the desired 
combustion chamber dilution. 

yet another object of the present invention is to pro 
vide an improved exhaust gas control system for an in 
ternal combustion engine having an air-fuel supply car 
buretor and a carburetor induction passage including a 
throttle therein for controlling air-fuel supply into the 
intake manifold of the vehicle in response to load and 
wherein an exhaust gas recirculation conduit is con 
nected between the engine exhaust and the induction 
passageway at a point between the carburetor and the 
throttle; an exhaust gas recirculation valve ‘controlling 
recirculation through the conduit in accordance with 
changes in the intake manifold pressure, the valve in 
cluding a ?ow area scheduled to produce a recircula 
tion of exhaust gas from the exhaust to the induction 
passage to increase the ratio of exhaust gas recircula 
tion to inlet air as the engine load increases thereby to 
produce a resultant decrease of NO,r emissions 
throughout the full range of increasing engine load con 
ditions. 
These and other objects of the present invention are 

attained in one working embodiment that produces op 
timization of the exhaust gas recirculation rate sched 
ules so that minimum nitrogen oxides are emitted from 
the engine for all engine operating conditions. I 

' The system includes a diaphragm actuated valve that 
varies the size of an opening with a scheduled flow area _ 
located in the exhaust gas recirculation line between 
the vehicle exhaust system and the point at which the 
exhaust gas recirculation flow is introduced into the en 
gine intake system. In the system, the exhaust gas recir 
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culation ?ow is introduced between the engine throttle 
and the carburetor. 
The valve actuator includes a housing and a dia 

phragm forming a vacuum enclosure in communication 
with engine intake manifold. Accordingly, increases in 
engine load that reduce the engine intake manifold vac 
uum will work on the diaphragm against a bias spring 
so that the valve opening is decreased as the engine in 
take manifold vacuum is increased. Proper selection of 
the exhaust gas recirculation line size, the vacuum op 
erator diaphragm area, bias spring size and valve ?ow 
area schedule can result in an exhaust gas control rate 

which produces an increasing ratio of exhaust gas recir 
culation to intake air flow as engine load increases (in 
take vacuum manifold decreases) or in other words, 
the exhaust gas recirculation control rate is maintained 
always slightly less than the amount that would cause 
engine mis?re because of excessive combustion cham 
ber dilution. 
The method of the present invention is established in 

accordance with the following procedure. First, the en 
gine residual fraction (fraction of exhaust gas in the 
combustion chamber prior to ignition) is determined 
for various intake manifold vacuums. This data is then 
plotted as a residual fraction curve. This curve is de 
pendent primarily on manifold absolute pressure with 
engine speed having little effect. The desired total dilu 
tion which is the exhaust gas recirculation rate pro— 
vided by the control valve of the system and the previ 
ously determined residual fraction in the cylinder is 
then determined by operating the engine on a dyna 
mometer and determining what level of exhaust dilu 
tion in the combustion chamber will cause mis?re. The 
desired total dilution is then plotted. 
Then, a control valve is utilized to regulate the ex 

haust gas recirculation to produce an increasing ratio 
of exhaust gas recirculation to inlet air ?ow so that this 
control of exhaust gas recirculation and the existing re 
sidual exhaust within the combustion chamber for dif 
ferent engine loads will combine to produce a total di 
lution equal to that dilution which will produce a re 
duced NO,r emission control while maintaining engine 
performance as the engine load increases. 
Further objects and advantages of the present inven 

tion will be apparent from the following description, 
reference being had to the accompanying drawings 
wherein a preferred embodiment of the present inven 
tion is clearly shown. 

In the Drawings: 
FIG. 1 is a diagrammatic view of an exhaust gas recir 

culation system including the present invention; 
FIG. 2 is a view partially in section and partially in el 

evation of a vacuum controlled exhaust gas recircula 
tion valve with a scheduled ?ow area in accordance 

with the present invention; 
FIG. 3 is a side elevational view from the line 3-3 

of FIG. 2 looking in the direction of the arrow; 
FIG‘ 4 is a fragmentary sectional view taken along 

the line 4-4 of FIG. 2; 
FIG. 5 is an enlarged fragmentary elevational view 

showing a contoured hole de?ning a scheduled flow 
area for use in the present invention; 
FIG. 6 is a graph showing the relationship between 

the flow area of the valve in FIGS. 1 through 5 and in 
take manifold vacuum; 
FIG. 7 is a graph showing the relationship of the re 

sidual fraction, combustion chamber dilution and the 
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4 
exhaust gas recirculation rate for a typical system using 
the present invention; 

FIG. 8 is a graph showing the relationship between 
exhaust gas recirculation rate and increasing engine 
load in the present invention and the effect on NO,r 
emissions; 
FIG. 9 is a graph showing a family of curves of ex 

haust gas recirculation scheduled in accordance with 
changes in engine load; 
FIG. 10 is a graph ofa family of curves showing NO,P 

emission in accordance with load changes produced by 
the schedules in FIG. 9; and 

FIG. 11 is a graph showing a second family of curves 
of NO‘T emissions produced by other schedules in FIG. 
9. 

Referring now to the drawings, in FIG. 1 an exhaust 
gas recirculation system 10 is illustrated. It is associated 
with an internal combustion engine 12. The engine 12 
has an intake manifold 14 and an exhaust including a 
pipe 16. The exhaust gas is taken from the vehicle ex 
haust pipe 16 upstream of a muffler 18 and is recircu 
lated through a conduit 20 from the exhaust 16 to the 
engine induction system 22. The induction system 22 
includes a carburetor 24 for directing air and fuel into 
a bore 26 in the induction system 22. The carburetor 
24 is the type presently used on vehicles including 
means to supply an air-fuel mixture across a load re 
sponsive throttle 28 in bore 26 between carburetor 24 
and manifold 14. 
As shown in FIG. 7, the engine 12 has a residual ex 

haust fraction in its combustion chamber which varies 
in accordance with engine load as shown by curve 29. 
The residual fraction or RF is equal to the ratio of re 
sidual exhaust or R in the combustion chamber to the 
intake air flow A at different engine loads. In accor 
dance with the present invention, the residual fraction 
or internal exhaust gas within engine 12 is supple~ 
mented by the exhaust gas recirculation control of a 
vacuum operated valve controller 30 which is con 
structed so that a ?ow area opening therein increases 
with decreasing intake manifold vacuum. The control 
ler 30 ?ow rate area is scheduled to produce an exhaust 
gas recirculation rate shown by curve 31 in FIG. 7 as 
a percentage ?gure plotted versus manifold absolute 
pressure, MAP in inches of mercury. 
As shown by curve 33 in FIG. 6, the controller 30 has 

a valve opening therein continuously varied in accor~ 
dance with intake manifold vacuum or intake manifold 
absolute pressure in such a way that the valve opening 
increases as the intake manifold vacuum decreases. 

Since the valve flow area opening is variable as shown 
in FIG. 6, the engine total charge dilution which in~ 
cludes residual fraction at a given intake manifold vac 
uum plus the exhaust gas recirculation ?ow for a partic- _ 
ular intake manifold vacuum, produces a resultant 
curve shown at 35 in FIG. 7 re?ecting the total charge 
dilution in the combustion chamber or chambers of en 
gine 12. 

Referring now more particularly to FIG. 2, the con‘ 
troller 30 includes a valve housing 32 having a central 
bore 34 therethrough which is closed at one end 
thereof by a valve housing cover 36 with an external 
?ange 38 thereon secured by means of screws 40 to the 
housing 32. The cover 36 includes a cylindrical portion 
42 thereon which ?ts in one end of the bore 34 to close 
the housing 32 on one end thereof. The housing is 
closed at the opposite end of the bore 34 by’ means of 



v 108 on a diaphragm base 110. " - 

5,. 
a valve housing coverl44ylike'zkcove'ri 36. Thus," it in 

. cludes a ?ange 46‘engaging one'outer end of ‘the hous 
ing 32 and a cylindrical portion thereon directed _in—’ 
ternally of the bore 34 as seen ;_in,‘l7‘I.G_.,_3 close the op 
posite end thereof. A plurality of screws'50, secure the 
housing cover 44 in place on the housing 3.2. 
The housing covers 36, 44 have ‘central bores '52, 54 

respectively that receive opposite ends of :a valve shaft 
56. As best seen in FIG. 4, the shaft includes a flat sur 
face portion 58 thereon with a pair vof spaced apart 
shoulders 60, 62 thereon to supportingly receive a rect 
angular valve plate 64 having side notches 66, 68 
thereon fit with respect to the shoulders 60, 62 and a 
central portion thereon seated against the ‘flat surface 
58 and secured thereto by means of screws 70. 
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‘ ' . ‘Accordingly; therspring 142 will bias the piston 114 

IS 

The valve plate 64 has side edges 72, 74 thereon Io- ' 
cated in sliding sealing engagement with the inner sur 
faces 76, 78 on the housing covers 36, 44 respectively. 
The plate 64 further includes end edges.77,79 thereon 
that are located in sliding engagement withthe inner 
surface of the bore 34 between the housing covers'36, 
44. ' ' ' 

An outboard end '80 of the shaft 56 is connected to 

20 

one end of a lever arm 82 by means of a set screw 84. - 
A bifurcated end 86 of the lever.82 is secured to a flat 
end 88 of a diaphragm piston rod 90 by means of a pin 

\The diaphragm piston rod 90 is connectedto a vac 
- uum operator 92 of the controller 30‘that is connected 
-» to a vacuum port 94 in the intake manifold 14 by‘a vac 
uum line 96 having ‘one end connected to the vacuum 
port 94 and having the opposite end thereof connected 
to an inlet port 98 formed in-a diaphragm cover 100. 
The diaphragm cover 100 more particularly includes a 

; ?ange portion 102 thereon in engagement with the pe 
. riphery 104 of a diaphragm eIernent1l06, a Bellofram' 
type class 4-C dynamic linear seal. Element 106 is sup 
porting'ly received at the periphery thereof by a ?ange 

. The element 106His'sealed ‘with respect to the cover 
‘I; 100 to form a vacuum chamber ‘1 112 on onesideof a di 
aphragm piston 114 that is fit‘within the upper surface 
of the diaphragm 106. It has-a cup-shaped configura 
tion with av base portion ll6_secured to the diaphragm 
106 by means of a nut v118 thre'adably received on a 
threaded portion 120 of- the piston rod 90 in an air tight" 

' > engagement with piston 114. The opposite side of the 
diaphragm is supported by a plate 122 secured there 
‘against by means of a nut 124 on the threaded portion 
5120’ in air tight engagement with plate7122. 

The diaphragm 106 and the diaphragm base 110 de 
?ne an atmospheric chamber 126 that is in communi 
cation with ambient pressure through a bore 128 inrthe 
base 110 thence through an opening 130 in an adjust 

_ ‘ment bracket 132 that serves to adjustably secure the 
tfiivacuum operator 92 to the valve housing 32... _ 

'{f .lnthe illustrated arrangement, the upper end of the 
piston rod"9,0 has-a small diameter extension_,l34 
thereon .supportingly received within a guide opening 
.‘136 in a plug housing’ 144. A'plug 138 is sealingly lo 
cated within a‘ central opening 140 ‘within the dia 
phragm cover 100. Additionally, the controller in: 
cludes a spring 142 therein having one end thereof in 
engagement with the cover 100 around a plug housing 
144. The opposite end of the compression spring is sup 
portingly received by the piston v114 around the piston 
base portion 116. ' . _ ‘ ' 

25 

and’the' piston rod'90 connected thereto-downward as 
viewed in FIG. 2 to cause counterclockwise rotation of v 
the levery82 to move the valveplate 64 between a dot 
ted line valve closed position as shown in FIG. 2 to a 
solid line valve open position shown therein. The extent 
of travel of the valve plate 64 between open and closed 
positions is 60° in one working embodiment. When the 
valve is in its dotted line closed position the edge 79 
thereon will overlap the lower edge 146 of a contoured 
outletopening 148 in housing 32 by .004 inches. 

Referring now toFlG. 5, the contoured hole 148 is 
formedin wall 150 of valve housing 32 to de?ne a 
scheduled flow area for producing anincreasing ratio 
of exhaust gas recirculation to inlet air upon increases 
in engine load to minimize NO, emissions. The rate of 
the scheduled area is selected to produce an exhaust 
gas recirculation that combined with residual fractions 7 

in the combustion chamber of the engine will produce 
a maximum amount of dilution in the, combustion 
chamber without undesirable engine misfire. 
More particularly, in the illustrated arrangement the 

contoured opening 148 is formed from the base edge 
146 thereof to have curve sides 151, 153 thereon merg-. 
ing. with gradually‘ inclined edge portions 152, 154 re 

A spectively. The inclined edge‘portions 152,‘ 154 are 

35 

formed somewhat parallel ,to the'edge 146 and they‘ 
each merge‘ witha more vertically inclined edge 156, 
I58-in the contoured opening 148. At the upper end of 
the contoured opening 148, the edges 1756,, 158 merge 
with agslo't 160 of a reduced 'width and having an upper _ 
curved edge 162 thereon. The contoured opening 148 
is formed symmetrically with respect to the Iong‘itudiq 
nal ‘axis of the valveplate 64 and the edge 79 of the 

. valveplate 64 cooperates therewith tode?ne a variable 
area opening between an inletlconduitl64 that is in 
communicationhwith a circular inlet port 166 of the 

- opening which leads to the upstream surface 168 of the 

'40 

_ streamof, the ~throttle 28. . V 
In one‘Working embodiment of the present invention, ' 

valve plate 64. The downstream surface 170 of the 
valve plate faces towardv the contoured [opening 148' . 

> which is in communication with an outlet segment 172 
of the exhaust gas :recirculation conduit 20. Segment 
172 is connected at an inlet port the induction 
passage 26 downstream of the carburetor 24 and up 

i the mechanical ‘components have the following operat 

50 

' Diaphragrn I06 

55 

.65 

ing characteristics. . g - 

Item ‘ Rating 

2.44 inches LD. 
2.75 inches OLD. 

- 2.44 inches 0.0. 
2.30 inches ID. 
93.3 lbs. per inch S.R.' 

Piston I I4 

Compression spring I42 
Contoured opening I48 

W, _ v . 1.08 inches ‘ 

W2 0.34 inches 
W;I - 0.125 inches ' 

:QI-l,‘ . 'I'_.0‘inches .' - , i 

"H, - - _ 0.82 inches 

H5 - »_ 0.24 inches 
Angle x ., " 30° ’ ., 

R, - 0.0625 inches 

The valve plate 64 is ‘calibrated by imposing a vacf 
' UUIXT signal of 20. inches of mercury in" the, 'vacuum 
chamber 112 andthe bracket 132 is adjusted with re 
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spect to. screws 40 until the‘ valve plate 64,contacts a 
stop pin 175 on housing cover 36 under. no load condi 
tions.) _ J; 
The stop position is represented in FIG. 6 as a valve 

closed position at an intake vacuum, of 20 inches of 
mercury. It represents a valve control position when 
the engine load is low, as for example, under engine 
idle conditions. I _ h ' ' 

As shown‘ in FIG. 7, internal combustion engines are 
characterized by having a relatively great percentage of 
residual combustion products, RF, in the combustion 
chamber under such conditions. This is due to the fact 
that the engine is throttled at the idle conditions and 
the combustion chamber will have a clearance volume 
that will produce a percentage of exhaust gas in'the 
chamber under idle conditions that'is relatively great. 
Under such conditions, NQr emissions are effectively 
controlled. ' v 

In the present invention, as the engine load increases, 
the throttle 28 opens to cause a greater amount of in 
take air to flow into the combustion chamber of the en 
ginel2. At the same time, however, a reduced intake 
vacuum is produced and a reduced vacuum will occur 
inthechamber l 12 thereby causing the bias spring 142 
to move the piston 114 along with the piston rod} 90 
downwardly. This causes the lever 82 to, rotate counter-v 
clockwise from the closed position‘. Immediately, the 
edge 79 of the valve plate 64 will move upwardly from 
the edge 146 of the scheduled opening 148 to present 
an abruptly increased ?ow area for the recirculation of 
exhaust gas from the exhaust pipe 16 back to the induc 
tion system 22 between the carburetor 24‘ and the 
throttle 28._The abruptnessof the increasejn ?ow' area 
is defined‘ by the curve 33 in FIG. 6. For example, when 
the control vaccum level is at twenty inches of-mercury 
there is no exhaust gas ‘recirculation. As soon as the 
load increases to a point where the intake vacuum is re 
duced to_ l6 inches of mercury, the ?ow. area through 
the contoured opening 148 will be opened to approxi 
mately one half of the ?ow area. Thereafter, upon fur 
therincreases in load the opening will continue to in 
crease ,in area up to a maximum at the valve full open. 
position. The illustrated slope of the geometric ?ow 
area shown in FIG. 6 and the diaphragm area and 
spring size will establish an exhaust gasrecirculation 
rate which will continually increase the ratio of exhaust 
gas recirculation to the inlet air as the engine load in 
creases. This results in an exhaust gas recirculation rate 
that is always slightly less than the amount that will 
cause engine mis?re and thereby maintain a maximum 
combustion chamber dilution that will minimize engine 
nitric oxide emissions. ' 

To determine the actual schedule of the contoured 
opening 148 and the size of the piston 114 and‘ the 
force of the compression spring 142, the following pro 
cedure is used. First, the engine residual fraction (frac 
tion of exhaust gas in the combustion chamber prior to 
ignition) is determined for various intake manifold vac 
uums. This data is then plotted as curve 29 in FIG. 7. 
Typically, the curve 29 is dependent primarily on the 
manifold absolute pressure with engine speed having 
little effect. The desired total'dilution (exhaust gas re 
circulation plus the residual fraction in the combustion 
chamber) is then determined by running the system on 
an engine dynamometer to determine maximum dilu 
tion without engine misfire. This total dilution curve is 
plotted as a curve 35 as shown in FIG. 7. 
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The. contoured opening 148 and the characteristics 
of the valve, control components are then selected to 
produce ai?ow-are‘a [and an_._EGR or exhaust gas recir 
culation rate which will have a pro?le like curves 33 
and 31', FIGS.. 6l,and 7 respectively. 

. ‘lnexisting exhaust gas recirculation systems, the con 
trol signal for exhaust gas recirculation control valves 
is often an ori?ce located between the exhaust gas re 
circulation-supply and the intake manifold. In such 
cases, a full rate to the ori?ce in the control valve is a 
combination'of a function of a manifold vacuum signal 
and also a function of the difference between the ex 
haust back pressure (a measure of engine air flow) and 
intake manifold vacuum. In such systems, increased 
vacuum signals to the valve open the valve and thus 
allow higher exhaust gas recirculation control rates at 
lower engine loads. 
:A preferred approach, in accordance with the pres 

ent invention, is to provide exhaust gas recirculation in 
a manner such that the percentage (or fraction) of ex 
haust gas contained in the combustion chamber just 
prior to ignition corresponds to curves of the type 
shown in FIG. 6 and FIG. 7 at 33 and 31 respectively. 
The resultant control of NO, emissions is shown in 
FIG. 8 wherein curve 176 represents the ratio of ex 
haust gas recirculation to intake air and curve 178 rep- - 

resents NO, in parts per million. The curve 178 shows 
a continual reduction in .NOJr as engine load increases. 
Considering the operation of the aforedescribed sys- ' 

tern, the total system includes a carburetor 24 which 
takes in air and fuel in the normal manner. In the pres= 
ent invention, the exhaust gas recirculation is mixed.‘ 
with the air fuel stream upstream of the engine throttle. 
Exhaust gas is taken from the vehicle exhaust pipe or 
a point upstream of the muffler in the system and is re- ' 
circulated through the exhaust gas recirculation valve - 
32 into the engine induction system 22 upstream of the ' 
engine throttle 28 and downstream of the carburetor‘ 
24. The exhaust gas recirculation valve 32 is con 
structed so its valve opening increases continually upon 
decreases in intake manifold vacuum (increased engine 
load) as compared to existing systems which will have 
a reduced exhaust gas recirculation at high intake man 
ifold vacuums, thereafter will peak to a maximum exf 
haust gas recirculation ?ow rate and then will taper off 
to have a minimum exhaust gas recirculation rate at re 
duced intake vacuum manifold pressures as produced 

- upon increases in engine load. Such systems areteffec 
tive to produce reduction in NO, emissions through a 
mid range of engine loads but are not as effective in re 
ducing NOJr emissions at increased engine loads as 
compared to the ‘present invention. ' 
An advantage of the present invention is that proper 

scheduling of the contoured opening 148 to produce an ' 
increasing ratio of exhaust gas recirculation to intake 
air is that it serves somewhat the same function as vac 
uum spark advance on present vehicles. Such a vacuum 

' spark advance is included in present systems to com 
pensatefor changes in MBT spark timing caused by 
changes in the percentage of exhaust gas contained in 
the combustion chamber (due vto throttling and in 
clearance, volume effects) prior to ignition. Since the 
percentage of exhaust gas contained in the combustion 
chamber prior to ignition, by virtue of the present in 
vention, can be nearly constant, the need for vacuum 
spark advance might be eliminated. 
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Furthermore, _.the,_p'resent- inventioni {incorporates a 

“fail-worse” feature. If2 the vacuum;signal .toi-ltheaalve 
30 becomes disconnectedior-isiremoved,,-the'valve;30 
will be Conditioned to assume a wide open. positiomand 
produce excessive exhaust gas recirculation atli'ght‘ en 
gine loads. This excessive exhaust gas recirculation'will 
cause poor engineperformance to warn the vehiclesop¢ 
erator that the emission control system is not function 
ing properly. . _ v . 

Another advantage of the present invention is that 
the contoured opening-.148 can be altered tovary the 
?ow characteristics-of valve 32to improve engine-:per 
formance while retaining desired > reduction of nitric 
oxide emissions under ‘increasing engine load opera 

tion. ‘ 1'“ .9 ' ' _. Thus, as shown in FIG. 9 a familyof curves 180,182, 

184, 186 are'shown in solidline.-Curver'180.represents 
the limit of exhaust gas recirculation in-Ya; control sys 
tem of the present'invention‘ at-whichI.engine-*misfire 
will occur. In the present case, the mis?re rate is repre 
sentatively selected as a combustion chamber dilution 
which will produce in the order of one mis?re for each 
300 revolutions of engine operation. Engine misfire in 
excess of this rate is considered unsatisfactory. 
Each of the curves 180, 182, 184, 186 will minimize 

nitric oxide emissions to a speci?ed level. Curve 180 
represents the optimum exhaust gas recirculation 
schedule for minimum nitric oxide emissions as shown 
in FIG. 10 by curve 194. Where an increased level of 
NOI is permitted, the contoured opening 148 in the 
valve 32 is modified to produce a resultant increase in 
exhaust gas recirculation rate which is less than that 
produced by the optimum curve 180 but nevertheless, 
will maintain an increasing ratio of exhaust gas recircu 
lation to the intake air resulting in a NOJr emission con 
trol as shown by curve 192 in FIG. 10. Likewise, fur 
ther modi?cation of the contoured opening will pro 
duce curves like 184, 186 in FIG. 9 with resultant NO, 
emission controls as shown at curves 190, 188 in FIG. 
10. 
Alternative curves 196, 198, 200 are shown in dotted 

lines in FIG. 9. These curves will produce an increasing 
exhaust gas recirculation rate in accordance with in 
creases in engine load but the rate of increase will be 
less than the family of curves represented by 180 thru 
186. 
The resultant NOJr emission controls for valves con 

toured asshown in curves 196, 198, 200 are shown by 
curves 206, 204, 202 in FIG. 11. These alternative 
curves will give better vehicle acceleration at some sac 
ri?ce in nitric oxide emission control as shown in FIG. 
11. This control, however, may be satisfactory depend 
ing upon emission control standards required for par 
ticular internal combustion engines. 
One important point in the present invention is that 

if the exhaust gas recirculation is scheduled according ' 
to any of the above curves as set forth in FIGS. 9 thru 
11, both vehicle fuel consumption and performance 
can be further improved by use of a high compression 
engine with a compression ratio in the order of 10:1 in 
stead of the present compression ratios of 8:1. Such 
high compression engine applications can use no lead 
fuel in the order of 91 octane. This is because the ex 
haust gas .recirculation rate in accordance with the 
present invention effectively increases the octane num 
ber of the fuel. The increased combustion chamber di 
lution as produced by an increasing ratio of exhaust gas 
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recirculation"to" intake'air will modify the combustion 
characteristics in the chamber so as toproduce this re 
sult._.,_,"“. :-. ' > 1 

-While'_the‘ ‘ein odir'rie'nts of the present invention, as 
:1 herein disclosed'fconstitute a preferred form, it is to be 
understood that other forms might be adopted. 
5- .awhatis claimed is-as follows: ' 

1. An exhaust gas recirculation system for an internal 
combustion engine having a carburetor for air fuel sup 
ply 'at one end of an engine induction passage with an 
unrestricted segment, va'throttle valve in said induction 
passage at the other end thereof for controlling air-fuel‘ 
?ow therethrough to an intake manifold in communica 
tion with combustion‘ichambersgand an exhaust pas 
sage for exhaustgas flow from the engine comprising: 
an exhaust gas recirculation line connected between 
the exhaust passage and a point in the unrestricted 
segment of the induction passage upstream of said 
throttle valve and downstream of the carburetor, 

valve means for controlling exhaust gas recirculation 
through said recirculation line in accordance with 
changes in intake manifold pressure, said valve 
means including means responsive to intake mani 
fold pressure for selectively opening and closing 
said valve means throughout a throttle position 
range from idle to wide open throttle, said valve 
means including a variable geometry flow path 
therethrough scheduled to ‘open so as to produce a 
ratio of exhaust gas recirculation to inlet air ?ow 
which continually increases as engine load in 
creases thereby to maximize the exhaust gas recir 
culation to a point slightly less than will produce 
mis?re in the combustion chambers because of 
charge dilution of the air fuel charge by recircula 
tion of exhaust gas from the exhaust passage to the 
induction passage. 

2. A method for operating an internal combustion en 
gine having a carburetor andan engine throttle for sup 
plying air-fuel mixture to ‘an intake manifold and a 
combustion chamber and wherein exhaust means are 
provided to direct combustion products from the com- ’ 
bustion chamber comprising: 
providing a quantity of air-fuel mixture for supply to 

the combustion chamber in proportion to engine 
load and speed, 

providing a control of exhaust gas recirculation from 
the exhaust manifold into the combustion chamber 
to maintain a charge dilution therein which in 
creases as engine load increases, 

the charge dilution being' produced by directing ex 
haust gas recirculation "from the exhaust means to 
the combustion chamber in a controlled schedule 
to produce an initial abrupt in?ux of exhaust gas 
recirculation at engine idle and thereafter an in~ 
creasing ratio of the exhaust gas recirculation to 
the inlet air flow with the ratio continually increas 
ing in accordance with increases in intake manifold 
pressure throughout a throttle position range from 
‘throttle idle operation to wide open throttle opera 
tion. ' 

3. An exhaust gas recirculation control system for use 
in ‘an internal combustion engine having a carburetor 
at one end of an induction passage with an unrestricted 
segment for air flow to the engine, a throttle in the 
other end of said induction passage controlling air ?ow 
therethrough to produce a quantity of air-fuel mixture 
proportional to engine load and speed, and a combus 
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tion chamber along with an exhaust passage'foriexhaust 
gas ?ow from the engine comprising‘: 'i “ ' ‘ 

means de?ning an exhaust gas recirculation introduc 
tion port in the unrestricted segment‘oFthe' induc 
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manifold of- the engine‘and the enclosure for bias 
ing s'aid diaphragm in accordance with changes in 

" intake manifold pressure produced by increases in 
engine load, ~'. - i 

spring-means within said enclosure for opposing the 
'1 biasing action of. said =vacuurn signal, ' 
actuator means coupling said diaphragm to said valve 

tion passage between the carburetor and engine‘ 5 
throttle valve, ' ' I " ‘ 

an exhaust gas recirculation line connected between 
the exhaust passage and the introduction port, 

valve means in said exhaust gas recirculation line 

means for causing said valve means opening to pro 
gressively move into a more open position in accor 
dance with engine load to continually increase the movable between closed and opened positions for 10 

controlling exhaust gas recirculation ?ow, said - ‘ratio ofrexhaust gas recirculation flow to air ?ow 
valve means having an opening therein contoured through the induction passage as engine load in 
to progressively increase valve ?ow area at a con?‘ - creases through athrottle range from throttle idle 
tinuously positive rate from 'said closed position to , operation to wide open throttle operation, 
said open position with the positive rate being 15 said spring means returning said valve means to full 
greatest at the initial opening movement and least .open position upon, vacuum signal failure to pro 
at the ?nal opening movement, g I duce maximum? exhaust gas recirculation at re 

a valve operator including a movable diaphragm and duced engine loads thereby to reduce engine per 
housing means forming an enclosure, : , . formance so [as to indicate system malfunction. 

a vacuum signal line connected between the intake 20 ' *f * * * *7 
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