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This invention relates to a fuel metering System 
for automatically regulating the fuel-air ratio, 
in a fuel mixture supplied to an internal combus 
tion engine. . 
Carburetors utilized in aircraft and other in 

ternal combustion engines are designed to pro 
vide a predetermined fuel-air ratio at each engine 
power, and the engine power is generally pro 
portional to air flow. Within the idling range of 
the engine, the fuel-air ratio is decreased in a 
linear manner as the power is increased. In the 
cruising range, the fuel-air ratio remains Sub 
stantially constant as the power is increased 
while, in the high power range, the fuel-air ratio 
is progressively increased as the power is in 
creased, in accordance with a function determined 
by the engine design, the fuel to be used, and 
other factors. Finally, at extremely high powers, 
the fuel-air ratio is again substantially constant 
as the power is increased. 
In the high power range, the fuel mixture must 

be enriched as the power is increased in order 
to prevent an excessive increase in engine tem 
perature and in order to Suppress detonation. 
This is ordinarily done by designing the carbu 
retor so as to supply a sufficiently rich fuel mix 
ture that neither detonation nor excessive engine 
temperatures are encountered, regardless of the 
temperature or other conditions under which the 
engine is operated. In the usual carburetor, two 
settings are provided, one for a rich fuel mixture, 
and the other for a lean fuel mixture. However, 
any fuel metering structure which will permit 
only a finite number of fuel-air ratios, at a given 
engine power in the high power range, will intro 
duce compromises affecting either fuel economy 
or engine reliability and life, or both simul 
taneously. It is also apparent that the smaller 
the number of selective fuel-air ratios, the greater 
becomes the degree of compromise which must 
be accepted. Accordingly, at each power within 
the high power range, the carburetor maintains a 
fixed fuel-air ratio in the rich setting, and some 
times in the lean setting, which is high enough 
to prevent detonation and excessive engine tem 
peratures under the worst conditions which could 
be encountered in operation of the engine. 

. It will be apparent that substantial savings in 
fuel may be effected by providing means for auto 
matically adjusting the fuel-air ratio to the 
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optimum value for prevailing engine and atmos 
pheric conditions. This would enable the use of 
a leaner mixture than that provided by the car 
buretor under most operating conditions. As an 
example, low atmospheric temperatures will cause 
the engine temperatures and the tendency toward 
detonation to decrease thereby enabling the use 
of a leaner fuel-air mixture. In addition, Wari 
ations in the characteristics of the fuel, Spark 
setting, valve timing, and other factors also permit 
the use of a leaner mixture. Further, the use of 
unnecessarily rich mixtures, as frequently intro 
duced by present carburetors under ordinary op 
erating conditions, oftentimes causes torching of 
the exhaust, or substantial power losses resulting 
from introduction of excessive fuel to the engine 
cylinders. Torching may result in damage to the 
exhaust collector pipe or adjacent parts, and is 
very disadvantageous in many respects, par 
ticularly in the operation of military aircraft, 
Since it permits such aircraft to be readily de 
tected at night. - 

It is an object of my invention to eliminate 
the problem of fixed fuel-air ratios by varying 
the fuel-air ratio as a function of the require 
ments for Suppression of detonation or main 
tenance of proper engine temperature, particu 
larly in the high power range of engine operation. 

It is a further object of the invention to provide 
fuel metering apparatus to regulate the fuel-air 
ratio so that there will be no danger of detona 
tion or overheating due to excessively lean mix 
tures of fuel and air. . 

It is a still further object of the invention to 
minimize the danger of torching of the exhaust 
or large power losses due to excessively rich mix 
tures. - - - 

Various other objects, advantages and features 
of the invention will become apparent from the 
following detailed description taken in conjunc 
tion with the accompanying drawings, in which: 

Figure 1 is a schematic circuit diagram of my 
novel fuel metering apparatus; . . . . . . . 
- Figure 2 is a schematic circuit diagram of a 
time-delay unit utilized in Figure 1; and 

Figure 3 is a view illustrating a feature of the 
circuit of Figure2. . . . . . . . . - - - 

Referring now to the drawings in detail, and 
particularly to Figure 1, I have disclosed a fuel 
control valve to having a tapered portion 
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Which cooperates with an orifice 2 to control the 
delivery of fuel to the cylinders of an internal 
combustion engine and thereby to vary the fuel 
air ratio. In Sonne instances, a rotary or other 
type of Valve may be substituted for the structure 
shown. A lever 3 is pivoted to the valve 0 and 
this lever is pivoted, in turn, to an arm is which 
may be rotated by a reversible electric notor 5. 
The construction of the motor and valve is such 
that rotation of the motor in one direction opens 
the Valve and thereby enriches the fuel nix 
ture whereas rotation of the motor in the opposite 
direction closes the valve and leans out the 
fuel mixture. 
The operation of the notor is controlled jointly 

by a detonation meter 6 and a thermocouple 
Which constitute, respectively, devices for sensing 
detonation in One or more cylinders of the engine 
and for sensing engine temperature. A suitable 
detonation meter is shown in the copending ap 
plication of D. R. de Boisblanc, Serial No. 548,757, 
filed August 9, 1944, now Patent No. 2,448,323, is 
Sued August 31, 1948, and it will be understood 
that this meter plovides an electrical current, the 
voltage of which is representative of the intensity 
of detonation in one or more engine cylinders. 
The thermocouple may be of conventional con 
Struction and constitutes a device for providing 
an electrical current which is proportional to 
Some desired indication of the engine tempera 
ture, Such as the temperature of the cylinder 
heads or cylinder bases. 
The electrical output of the detonation meter 
6 is fed through conductors 8 to the coil of a 

Solenoid 9. The core. 20 of the solenoid carries 
a contact bar 2 which is engageable with two 
contact setS 22 and 23, the contacts 23 being 
closed. When detonation of a predetermined in 
tensity is occurring in the cylinder, and the con 
tacts 22 being closed when no detonation is oc 
Curring in the cylinder. The core 2.0 is biased 
inWardly toward the Solenoid 19 by a spring 24 so 
that, under certain conditions, the bar 2 may 
Occupy a position intermediate the contacts 22 
and the contacts 23. 
A unit similar to that already described in con 

nection with the detonation meter 6 is provided 
for the thermocouple . This unit includes con 
ductors 26 for feeding the electrical output of the 
thermocouple to the coil of a Solenoid 27, the 
core 28 of which carries a bar 29 which is en 
gageable with a set of contacts 30 when the en 
gine temperatures are too low and which is en 
gageable with a set of contacts 3 when the en 
gine temperatures are too high, the core 28 being 
biased to Ward the solenoid 27 by a spring 32 so 
that the bar may occupy a position intermediate 
the contacts 30 and 3 when the engine tempera 
ture is Within a predetermined operating range. 
When excessive detonation occurs in the cylin 

der of the engine, contacts 23 are closed and a 
Voltage is applied acroSS a set of terminals 33, 34 
by a circuit which includes contacts 23, a current 
Source 35, a conductor 36 and a conductor 3. 
The voltage appearing across terminals 33, 34 is 
applied to the motor 5 through a main control 
switch 38, a thermostatic switch 39, an intermit 
tent switch 40, the contacts 4 of a solenoid 42, 
motor terminals 43, and a time delay Switch 44. 
ASSunning that all of the Switches are closed, the 
voltage across terminals 33, 34 causes operation 
of the motor in the proper direction to slowly 
open valve 0 in a progressive manner, thereby 
continuously enriching the fuel mixture fed to 
the engine until the detonation ceases. There 
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4. 
upon, contact bar 2 is disengaged from contacts 
23 and the motor circuit is broken. Similarly, 
When high engine temperatures are encountered, 
the bar 29 engages contacts 3 thereby applying 
a Voltage acroSS terminals 33, 34 through a cir 
cuit which includes contacts 3, a current source 
46, a conductor 47, and a conductor 48, this volt 
age causing Operation of the motor 5 in the 
proper direction to open tile valve O and enrich 
the fuel mixture until the excessive engine tem 
peratures are lowered. Thereupon, contact bar 
29 is disengaged from contacts 3 and the motor 
circuit is broken. 
Similar circuits are provided for causing ro 

tation of the motor 5 in opposite direction when 
eXcessively low engine temperatures are encoun 
tered or When no detonation occurs in the en 
gine cylinder So that the valve it is progressively 
closed to lean out the fuel mixture. These cir 
cuits, however, differ from those already de 
Scribed in that they are disabled by energization 
of either one of a pair of relays 50 and 5, for 
reaSons to be hereinafter explained in detail. 
Thus, when no detonation is occurring, the bar 
2 closes a circuit which includes a current source, 
53, contacts 22, normally closed contacts 54 of 
relay 50, normally closed contacts 55 of relay 5f, 
and the conductor 48. Although contacts 54, 55 
are referred to as normally closed contacts for 
Convenience, it will be noted that they are not 
biased to closed position. ASSunning that both 
Sets of relay contactS are closed, as shown, a volt 
age is applied across terminals 33 and 34 which 
is of the proper polarity to operate motor 5 in 
Such direction as to close the valve to and lean 
out the fuel mixture. 

Similarly, when the engine temperature be 
COnes too low, contact bar 29 engages contacts 3 
thereby closing a circuit Which includes a cur 
rent SOUirce 58, contacts 30, normally closed con 
tacts 59 of relay 5, normally closed contacts 60 
of relay. 5), terminals 33, 34 and the conductor 4. 
ASSunning that the contacts of relays 50 and 5 
are closed, this circuit applies a voltage across 
terminals 33 and 34 which causes the motor 5 to 
Operate in the proper direction to close valve O 
and lean out the fuel mixture. 

It will be noted that relay 5) is provided with 
a coil 63 which is connected in circuit With a re 
sistor 64, current source 35, contacts 23, and a 
conductor 65. Accordingly, when detonation oc 
curs in a cylinder, and contacts 23 are closed to 
enrich the fuel mixture, the coil 63 is energized 
and the relay 59 is actuated to open contacts 54 
and 60. This disables, the described circuits for 
leaning out the fuel mixture until contacts 5A 
and 69 are again closed in the manner herein 
after described. Similarly, the relay 5 is pro 
vided With a coil 6, which is connected in circuit 
With a resistor 68, current Source 46, contacts 3, 
and a conductor 60. Accordingly, when contacts 
3 are closed responsive to excessive engine tem 
peratures, and the valve 0 is operated to enrich 
the fuel mixture, the coil 6 is energized thereby 
operating relay 5 and breaking contacts 55 and 
59. This disables both leaning out circuits until 
the contacts 55, 59 are again closed in the man 
ner hereinafter described. 
The relays 50 and 5 have a pair of Solenoids 

70 and 7 associated therewith, respectively, and 
each solenoid, when actuated, moves the arma 
ture of its aSSociated relay So as to close the nor 
mally closed relay contacts. The coils of the 
Solenoids 70, 7 are connected in series with each 
other and with the coil of the Solenoid 42. When 
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the latter solenoid is energized, the valve operat 
ing lever 4 is rotated a sufficient distance in a 
counter-clockwise direction to completely open 
valve 0 and provide a rich fuel mixture for the 
engine. The extent of richness can be limited to 
the rich setting of the carburetor if desired, or a 
value slightly richer than that provided by the 
rich setting of the carburetor. The solenoids 42, 
70 and 7 are all actuated simultaneously when 
current is fed to the coils thereof through a pair 
of conductors 72, 73 forming a part of a power 
change sensing unit 74. Solenoids 70 and 7 are 
energized without actuation of solenoid 42 when 
current is supplied through conductors 75, T6 
from battery T 7 and the time delay switch unit 
44, the operation of which will be further de 
scribed hereinafter. It will be understood that 
energization of solenoids 70, 7 by either of the 
described circuits causes closure of contacts 54, 
60 and contacts 55, 59 with the result that the 
leaning out circuits controlled by contacts 22 and 
contacts 30 are in readiness for operation should 
the engine temperature fall below a predeter 
mined value and no detonation be present in the 
engine cylinder, or cylinders, to which detonation 
meter 6 is attached. 
The power change sensing unit 74 includes a 

control lever 80 which is moved laterally when a 
pressure differential exists between two bellows 
chambers 82 and 83. In the case of an aircraft 
engine, chamber 82 may be connected through 
line 84 with compensated or uncompensated 
scoop suction and chamber 83 may be connected 
through a line 85 with boost suction. The term 
“boost suction' herein refers to suction forces 
created by a small venturi located within the 
main one, exit being near the throat of the main 
venturi so as to augment the suction. Similarly, 
the term "compensated or uncompensated SCOOp 
suction' refers to corrected metering forces below 
prevailing atmospheric pressure which is obtained 
by the automatic mixture control compensating 
for changes in barometric pressure with changes 
in airplane altitude. Accordingly, the displace 
ment of lever 80 is proportional to the pressure 
differential between chambers 82, 83 which, in 
turn, is proportional to the power level of the en 
gine. A pair of springs 86, 87 are connected, re 
spectively, between a collar 88 carried by the con 
trol lever and a pair of dash pots 89 and 90. 
Each of the dash pots is mechanically connected 
through a lost-motion connection 9 to the col 
lar 88 so that sudden movements of the control 
unit 80 are effectively Sensed. 
A set of contacts 93 is carried by control lever 

80, this set of contacts cooperating With Con 
tacts 94, 95 which are mounted on the respec 
tive dash pot units 89, 99 and which are inter 
connected by a conductor 96 leading to one ter 
minal of a current source 97, the other terminal 
of which is connected to conductor 73. The con 
tacts 93 are connected by a conductor 98 and a 
switch 99 to conductor 72. The movable arm 
90 of a switch O is mechanically connected 

to the control lever 80 by a link 02 and elec 
trically connected to the conductor 98 by a lead 
03. The switch includes two stationary con 

tacts 04, e5 and these contacts are intercon 
nected by a wire 6 which leads to the conductor 
96. 
When the engine is operating Within a pre 

determined power range, arm O is positioned 
between contacts f4, iO5 and switch of is open. 
If the engine power rises above or falls below 
this predetermined range, either contacts foo, 
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6 
C4 or 00, 05 are closed with the result that 

solenoids 42, 7) and 7 are energized. Accord 
ingly, relays 50, 5 are reset, arm 4 is raised 
to feed a rich mixture to the carburetor, and 
the automatic control system is disabled until 
switch Of is opened. This occurs when the 
power level of the engine is once again within 
the predetermined range of automatic operation. 
Preferably and advantageously, this predeter 
mined power range corresponds to the well 
known high power range of the engine. 
When the engine power is within the prede 

termined range and switch 0 is open, power 
changes occur frequently which are of insuffi 
cient magnitude to close switch 0. Such power 
changes effect momentary closure of contacts 93, 
94 or 93, 95 depending upon whether the power 
is increased or decreased, the closure of said 
contacts causing a momentary energization of 

For example, if lever 
89 moves toward dash pot 90, lost motion Con 
nection 87 permits momentary engagement of 
contacts 93 and 95. After such momentary en 
gagement, contact 95 is moved away from con 
tact 93 by the spring 87. Contacts 93, 94 are 
momentarily closed in a similar manner by move 
ment of lever 80 toward dash pot 89. 
Accordingly, each time the circuit between 

conductors 72, i3 is closed by operation of the 
power change sensing unit 74, relays 50, 5 are 
reset by solenoids 70, so that a leaning out 
cycle may occur upon de-energization of sole 
noids 42, 7, 7 and upon closure of contacts 30 
due to low engine temperature or upon closure 
of contacts 22 due to absence of detonation. 
Solenoid 42 is also operated to disable the auto 

matic control system and open valve to each time 
unit 4 is actuated. The operation of the Sole 
noid is momentary if either contacts 93, 94 or 93, 
95 is closed but the Solenoid is continuously ener 
gized if the engine power is not within the pre 
determined range of automatic operation, as 
indicated by closure of contacts e0, .04 or 00, 
O5. 
The time delay switch 44 is an optional feature 

and serves to reset relays 50 and 5f a predeter 
mined interval after each enriching cycle to per 
mit establishment of a subsequent leaning out 
cycle before a power change occurs. Thus, when 
contacts 23 or contacts 3 are closed to cause 
Operation of the motor 5 and enrich the fuel 
mixture, it has been previously pointed out that 
either relay 50 or relay 5 is operated to prevent 
a subsequent leaning out cycle until the relay is 
reset by operation of power change sensing unit 
74. Ordinarily, power changes occur with Suff 
cient frequency that it is not necessary to pro 
wide for the case where a leaning out cycle should 
occur after an enriching cycle but prior to the 
next operation of power change sensing unit 74. 
However, in some cases, this result is desirable 
and it may be effected by the use of tine delay 
SWitch 44. . 
The operation of Switch 44 is to reset relays 

50 and 5 without operating solenoid 42, this 
action occurring a predetermined interval after 
an enriching cycle resulting from closure of con 
tacts 23 or contacts 3. A suitable circuit ar 
rangement for accomplishing this result is shown 
in Figures 2 and 3 wherein it will be noted that 
a polarized relay ) is connected in the circuit 
between the terminal 34 and a motor terminal 
43 of Figure 1. The armature f l of the relay 
is biased to the full line position shown in Fig 
lure 2 by a spring 2 and, when current flows 
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through the relay in such direction as to cause 
'...the motor 5 to lean out the fuel mixture, the 
relay if Ois not actuated. However, when cur 
rent flows through the relay in such direction 
as to cause motor 5 to enrich the fuel mixture, 
*relay: if 0 is actuated and the armature noves 
to the dotted line position-of Figure 2, thereby 
engaging a hinged portion if 3 of a snap action 
-switch member 4. The Switch 4 is not 
actuated by this movement of the armature since 
the hinged portion 3 merely swings out " of 
the 'path of the armature. However, when the 
enriching cycle is completed, the current flow 
ing through relay O is cut off and the armature 
is returned to its full line position by spring 2, 
so that it again engages the hinged: portion 3. 
The member 4 is provided with an overcenter 
spring f 5 so that the second engagement of 
“the portion f3 by the armature causes a 
contact f6 to move by Snap action into engage 
ment with a contact f. This closes a circuit 
including a current source 8 and a motor if 9 
thereby causing the motor to rotate a shaft 20 
through a gear box. 2. A drum controller unit 
22 is rotatable with the shaft and, after a prede 
termined interval, a conducting shoe 23 of the 
controller bridges contacts 24 and 25, there 
-by-completing a circuit through conductors 75 
:and 6, the current source, and a Solenoid 
- f26. 
The resultant energization of Solenoid 26 

nioves the member 4 in a counter-clockwise 
direction into engagement with a stop 27, there 
by breaking the circuit between contacts S, 

7 to stop rotation of the motor f 9. When the 
motor 9 is stopped by the opening of contacts 
lf 6 and 7, the shaft 22 is returned to its 
original position by a spring 30, Figure 3, which 
is secured to an arm.: 3 protruding from a gear 
of 32 which meshes with a gear: 33, fixed to the 
shaft. 20. In its original position of the motor, 
arm 3 engages a stop 35 and the force exerted 
by Spring 30 is sufficient to return the motor 
to this position after it has been operated. 
Accordingly, each time the reversible motor 5 

is operated to enrich the fuel mixture, the relay 
O of time delay unit 74 is operated at the end 

of the enriching cycle and, after a predeter 
mined time interval, contacts f24, 25 are closed 
with the result that solenoids 79 and '7, Figure 
l, are energized to reset relays 59 and 5f for a 
subsequent leaning out cycle. In some instances, 
this permits substantial fuel savings, particul 
larly where operation of the engine is such that 
power changes are of infrequent occurrence. 
As an optional feature, I may also provide a 

thermostatic switch 39 which disables the con 
trol System should the engine carburetor, air, or 
mixture temperature rise to an unsafe value due 
to abnormal fight or 'Weather conditions. As an 
additional optional feature, I may provide the 
intermittent switch 40, which may simply be a 
constantly driven drum controller, to periodi 
"cally interrupt the current Supplied to motor 5 
in order to prevent the enrichment for leaning 
out of the fuel mixture to exceed the limits Set 
up by the setting of contacts 22, 23, 30, and 3. 
From the foregoing description, the opera 

tion of the complete system will now be apparent 
to those skilled in the art. 'Assuming that main 
scontrol Switches 38 and 99 are closed and that 
the engine is operating within the predeter 
mined power range determined by the setting of 
switch f Gl, whenever the engine temperature be 
comes excessive or whenever detonation of more 
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than a predetermind: amplitude occurs in the 
cylinder or cylinders associated with detonation 
meter tS, contacts 23 or contacts 3 are closed 
to-effect operation of the motor 5 and thereby 
enrich the fuel mixture to overcome Such-de 
tonation or excessive temperatures. When a 
power change occurs within said predetermined 
power-range, the unit 74 is operated and Solenoid 
42 is momentarily actuated to provide a rich 
fuel mixture while the power-change is "Occur 
ring. The power change also actuates Solenoids 
for and 7 to effectriciosure for relay contacts 54, 
55, 59, and 62. As a result, the motor 5 is op 
erated to lean out the fuel mixture in response 
to subsequent closure of "contacts' 30 due to “ex 
cessively low engine temperatures" or in response 
to subsequent closure of contacts 22 due to ab 
sence of detonation in the engine cylinder. It 
will be noted, however, that if either contacts 23 
or contacts 3 are closed prior to the closure 
of contacts 22 or contacts 30, one of the relays 
50, 5 is operated to disable the leaning out cir 
cuits- until the relays are reset by a Subsequent 
'actuation of power change unit 74. “G)ptionally, 
time delay switch 44 may be provided to reset the 
relays a predetermined interval after each en 
riching cycle without the occurrence of a power 
change. When the engine power is OutSide the 
aforesaid predetermined power range, Switch of 
is closed- and unit 74 is continuously actuated, 
thereby to energize solenoids 42, 70 and 7 with 
the result that the automatic control System is 
disabled until the power level once again is 
Within the predetermined range. The described 
energization of Solenoids 70, 7 also closes' relays 
-50, 5 to prepare the system for a subsequent 
leaning out cycle. . . . 

It will be apparent that the described system 
effects the metering of fuel to the engine in Such 
fashion that the fuel-air ratio always has a 
proper value to prevent detonation or excessive 

- engine temperatures while still utilizing the 
leanest possible fuel mixture. Such-regulation 
of the fuel-air ratio -also minimizes: the disad 
ivantages resulting from torching of the exhaust 
*or the loss of substantial power due to supplying 
excessive fuel to the engine cylinders. The sys 
tem of this invention also provides means for 
equalizing the performance of a number of en 
gines by operating all of these engines under 
optimum fuel-air-conditions despite unavoidable 
variations in the manufacture of the carburetors. 
Although the system has been primarily de 
scribed in connection with faircraft engines, it 
will be obvious that many embodiments are ap 
plicable to many other types of engines, Such as 
automobile engines. When applied to automo 
bile-engines, other-power change sensing means 
may be utilized than the bellows chambers 82, 
83 provided that control lever 80 moves in ac 
cordance with changes in the power output of the 
engine. 
While the invention - has been described in 

connection with a present, preferred embodi 
ment thereof, it is to be understood that this de 
scription is illustrative only and is not intended 
to limit, the invention, the Scope of which is de 
fined by the appended claims. 

Having describedny invention, I claim: 
1. In a fuel metering system, in combination, 

a valve for regulating the fuel-air ratio of a fuel 
“mixture to be fed to ran internal Combustion en 
gine, means 'for sensing detonation in a cylinder 
of said engine, means for sensing engine tem 
perature, and a control unit for said valve ac 



9 
tuated by both of said sensing means, to main 
tain predetermined conditions of detonation and 
engine temperature through regulation of the 
fuel-air ratio of the fuel mixture. 

2. In a fuel metering System, in combination, 
a valve for regulating the fuel-air ratio of a fuel 
mixture to be fed to an internal combustion en 
gine, means for sensing detonation in a cylinder 
of Said engine, means for Sensing excessive en 
gine temperatures, and a control unit for said 
valve actuated by both of said sensing means for 
enriching said fuel mixture when necessary to 
prevent detonation or excessive engine tera 
peratures. 

3. In a fuel metering System, in combination, 
a valve for regulating the fuel-air ratio of a fuel 
mixture to be fed to an internal combustion en 
gine, means for sensing detonation in a cylinder 
of said engine, means for sensing engine ten 
perature, first control neans to operate Said 
valve and lean out the fuel mixture, Said Sensing 
means permitting operation of Said control 
means only when the engine temperature is 
below a predetermined value or when no detona 
tion is cocurring, second control means actuated 
by said sensing means to operate Said valve and 
enrich the fuel mixture when detonations OCCur 
or the engine temperature becomes excessive, 
means disabling said first control means upon 
operation of said second control means, power 
change sensing means, and means for restoring 
said first control means to operative condition 
upon each operation of said power change Sens 
ing means. 

4. In a fuel metering System, in combination, 
a valve for regulating the fuel-air ratio of a fuel 
mixture to be fed to an internal combustio}} 
engine, means for Sensing detonation in a cylin 
der of said engine, means for Sensing engine 
temperature, first control means to operate Said 
valve and lean out the fuel mixture, said Sensing 
means permitting operation of said control 
means only when the engine temperature is 
below a predetermined value or when no detona 
tion is occurring, second control means actuated 
by said sensing means to operate said valve and 
enrich the fuel mixture When detonations occur 
or the engine temperature becomes excessive, 
means disabiling said first control means upon 
operation of Said second control means, power i 
change sensing means, naeans for restoring said 
first control means to operative condition upon 
each operation of said power change Sensing 
ineans, and a time delay unit independent of 
said power change sensing means to place said 
first control means in operative condition a pre 
determined interval after said second control 
means has been actuated. 

5. In a fuel metering system, in combination, 
a valve for regulating the fuel-air ratio of a fuel 
mixture to be fed to an internal combustion. el 
gine, means for providing an electric current rep 
resentative of engine temperature, a Solenoid 
operated by said electrical current to close a first 
set of contacts when the engine temperature is 
too high and to close a second set of contacts 
when the engine temperature is too low, means 
for providing a second electrical current rep 
resentative of detonation in a cylinder of Said en 
gine, a solenoid operated by said second electric 
current to close a third set of contacts when 
detonation is occurring and to close a fourth Set 
of contacts when no detonation is occurring, a 
reversible motor operatively connected to Said 
valve, a control circuit actuated by said first and 
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10 
third contact sets to operate said motor and 
thereby enrich the fuel mixture, and a second 
control circuit including said second and fourth 
sets of contacts for operating said motor to effect 
leaning out of Said fuel mixture. 

6. In a fuel metering system, in combination, 
a valve for regulating the fuel-air ratio of a 
fuel mixture to be fed to an internal combustion 
engine, means for providing an electric current 
representative of engine temperature, a sole 
noid Operated by said electrical current to close 
a first set of contacts when the engine tempera 
ture is too high and to close a second set of con 
tacts when the engine temperature is too low, 
means for providing a Second electrical current 
representative of detonation in a cylinder of said 
engine, a Solenoid operated by said second elec 
tric current to close a third set of contacts when 
detonation is occurring and to close a fourth set 
of contacts when no detonation is occurring, a 
motor operatively connected to said valve, a 
control circuit actuated by said first and third 
contact Sets to operate said motor and thereby 
enrich the fuel mixture, and a second control 
circuit including said second and fourth sets of 
contacts for operating said motor to effect lean 
ing out of said fuel mixture, means actuated by 
said first circuit for disabling said second cir 
cuit each time the former circuit is actuated, and 
a thermostatic switch connected in circuit with 
said motor to prevent operation thereof when the 
engine temperature is excessive. 

7. In a fuel metering system, in combination, 
a valve for regulating the fuel-air ratio of a 
fuel mixture to be fed to an internal combustion 
engine, means for providing an electric current 
representative of engine temperature, a solenoid. 
operated by said electrical current to close a first 
set of contacts when the engine temperature is 
too high and to close a second set of contacts 
when the engine temperature is too low, means 
for providing a second electrical current rep 
resentative of detonation in a cylinder of Said 
engine, a solenoid operated by said second elec 
tric current to close a third Set of contacts. When 
detonation is occurring and to close a fourth set. 
of contacts when no detonation is occurring, a 
reversible motor operatively connected to said 
valve, a control circuit actuated by said first 
and third contact sets to operate said motor and 
thereby enrich the fuel mixture, and a second 
control circuit including said Second and fourth 
sets of contacts for operating said motor to effect 
leaning out of said fuel mixture, means for dis 
abling said second circuit each time the first cir 
cuit is actuated, power change sensing means, 
and means actuated by said sensing means for 
restoring said first circuit to operative condition 
each time a power change OCCurS. 

8. In a fuel metering system, in combination, 
a valve for regulating the fuel-air ratio of a fuel 
mixture to be fed to an internal combustion 
engine, means for providing an electrical cur 
rent representative of engine temperature, a 
solenoid operated by said electrical current to 
close a first set of contacts when the engine 
temperature is too high and to close a second 
set of contacts when the engine temperature is 
too low, means for providing a second electrical 
current representative of detonation in a cylin 
der of said engine, a solenoid operated by Said 
second electrical current to close a third set of 
contacts when detonation is occurring and to 
close a fourth set of contacts when no detonation 
is occurring, a reversible motor operatively con 
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nected to said valve; a control circuit actuated by: 
Said-first and third contact sets to operate said 
motor and thereby enrich the fuel-mixture; a. 
Second-control circuit including said second and 
fourth Sets of contacts for operating said:motor. 
to effect-leaning out of said fuel mixture, a-pair 
of relays each having a set of normally: closed 
contacts connected in circuit with said : second 
contacts and - a set of normally, closed: contacts: 
Connected in circuit with said fourth set of icon. 
tacts, the coils of said relays being connected in 
circuit, respectively, with said first set of contacts 
and said third set of contacts, whereby, the seca, 
Ond control circuit is disabled when the first con 
trol circuit is actuated to energize: one-off said 
relays and open its normally closed contacts, 
power change Sensing means, and solenoids...ac-, 
tuated by said power change: sensing means to 
close both sets of normally closed contacts...each 
time a power change: occurs: 

9. In a fuel metering system, in combination, 
a valve for regulating the fuel-air ratio of a fuel 
mixture to be fed to an internal combustion en-. 
gine, means for providing, an electrical current: 
representative- of engine temperature, as solenoid 
Operated by said electrical current to close. a 
first set of contacts. When the 3 engine tempera 
ture is too high and to close a second set. of: 
contacts when the engine temperature is too low, 
means for providing a second electrical current 
representative of detonation in a cylinder of said 
engine, a Solenoid operated by said second elec 
tric current to close a-third set of contacts when 
detonation is occurring- and to close a fourth set: 
of contacts. When no detonation is: occurring, a. 
reversible motor - Operatively...connected to.". said 
valve, a control circuit actuated by said: first, 
and third contact sets to operate said motor and 
thereby's enrich the fuel mixture, a second con 
trol circuit including-said second and fourth sets 
of contacts for operating - said motor to effect 
leaning Out' of said fuel mixture, a pair of re 
lays each having a normally closed set of 3 con 
tacts connected in circuit with said second con 
tacts and a normally closed set of contacts con 
nected in circuit with said fourth, contacts, the 
coils of said relays being connected in circuit, 
respectively, with said first contacts and said 
third contacts whereby the second control cir 
cuit is disabled when the first control circuit...is 
actuated to energize one of said relays-and there, 
by open its normally closed contacts, power; 
change.Sensing means, Solenoids actuated by said 
power change sensing means to close both of said 
relays each time a power change occurs, and as 
SWitch connected in circuit with said notor. to in-, 
termittently make and break the control circuits 
therefor. 

10. In a fuel metering systein, in combination; 
a Valve for regulating the fuel-air, ratio of a fuel 
mixture-to-be-fed to an internal combustion en 
gine, means for providing an electric currentirep 
resentatives of engine, temperature, a solenoid: 
Operated by Said electrical current to close a first 
Set of contacts when the engines temperature is 
too high and to close a second: set of contacts 
When the engine temperature...is too low, means 
for providing a second electrical current. repre 
sentative of detonation in a cylinder of said: en 
gine, a Solenoid operated by said second electric 
Current to close a third set of contacts when 
detonation is occurring and to close a fourth set 
of contacts when no detonation is...occurring, a. 
reversible notor operatively connected to said: 
valve, a control circuit actuated by said first and 
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2 
third contact, sets to. operate - said motor and 
thereby enrich the fuel mixture, a second control 
circuit; including said second and fourth sets 
of contacts for, operating ... said: motor to effect 
leaning out of said fuel mixture, a pair of relays 
each having a set: of normally closed contacts 
Connected in circuit, with said second contacts. 
and a set of normally closed contacts connected 
in circuit with said fourth contacts, the coils of 
Said relays being connected in circuit, respec 
tively, with said first set of contacts, and said 
third set of contacts whereby the second control 
circuit is disabled when the first control circuit 
is actuated to energize one of said relays and 
thereby open its normally closed contacts, power 
change. Sensing means, solenoids actuated by said 
power change. Sensing means to close both sets 
of normally, closed contacts: each time a power. 
change. Occurs, and a third solenoid actuated by 
Said power; change sensing means to operate said 
valve and enrich said fuel mixture while a power 
change: is occurring; 

11. In a fuel metering system; in combination, 
a Waive for regulating the fuel-air ratio of a fuel 
Inixture to be fed to an internal combustion 
engine, neaas...for providing: an electric current 
representative of engine temperature, a solenoid 
Operated by Said electrical current to close a first, 
Set of contacts, when the engine temperature is 
too high and to close a second set of contacts 
when the engine temperature is: too low, means 
for providing a second electrical current repre 
Sentative of detonation: in a cylinder of said 
engine, a Solenoid operated by said second electric 
current to close a third set of contacts, when 
detonation is occurring and to close. a fourth set 
of contacts when no detonation is occurring, a 
reversible: ; motor, operatively... connected to said 
Valve; a control circuit actuated by said first and 
third contact sets to operate said motor and 
thereby enrich the fuel mixture, a second control 
circuits including said second and fourth sets of 
contacts for Operating said notor to effect lean 
ing Out of Said fuel mixture, a pair of relays each 
having a normally closed set of contacts connect 
ed; in circuit. With said second contacts and a 
normally closed set of contacts connected in cir 
cuit. With Said fourth contacts, the coils of said 
relays being connected in circuit, respectively, 
With Said: first set of contacts and said third set, 
of Contacts: whereby the second control circuit 
is disabled when the first control circuit is actu 
lated to energize one of said relays and thereby 
open' its:normally closed contacts, power change 
sensing means, Solenoids actuated by said power 
change Sensing means to close both sets of nor 
mally closed contacts each time a power-change 
occurs, and a third solenoid actuated by said 
power, change Sensing means to momentarily op 
erate Said waive-and-enrich the fuel naixture when 
a normal power change occurs and : to operate. 
Said valve continuously, when the engine power is 
above; or below a predetermined range. 

i2. A time delay switch unit comprising a 
polarized relay, a Snap, action switch actuated 
by the armature of said relay when a current 
of properpolarity is passed therethrough, amotor 
operated by Said Switch; a drum type switch 
coupled to said motor and including: a set of 
contacts which is closed when the drum is moved 
a predetermined distance-froin a predetermined 
position; means: urging said drum toward said 
predetermined position, and a solenoid actuated 
by closure of said contacts to move said snap ac 
tion SWitch to open position. 
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13. In a fuel metering system, in combination, 
a valve for regulating the fuel-air ratio of a fuel 
mixture to be fed to an internal combustion en 
gine, means for sensing detonation in a cylinder 
of said engine, means for sensing excessive or 
subnormal engine temperatures, and a control 
unit for said valve actuated by both of said sens 
ing means for enriching said fuel mixture when 
necessary to prevent detonation or excessive en 
gine temperatures, and for leaning out Said fuel 
mixture responsive to subnormal engine temper 
atures or lack of detonation. 

EMI. A. MALICK. 
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