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(57) ABSTRACT 

In the cooling circuit of an air-cooled internal com 
bustion engine there is disposed a temperature respon 
sive member which moves a lever connected to a fuel 
quantity control member of a fuel injection pump. The 
transmission of motion from said lever to said control 
member is affected by a contoured control edge or 
cam track provided in the former. 

3 Claims, 3 Drawing Figures 
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TEMPERATURE-RESPONSIVE SYSTEM FOR 
REGULATING THE FUELMIXTURE IN AIR 
COOLED INTERNAL COMBUSTON ENGINES 

BACKGROUND OF THE INVENTION 
The invention relates to a regulating system for con 

trolling the air-fuel mixture in externally ignited inter 
nal combustion engines. The system is of the type that 
includes a preferably rpm-dependent setting member, 
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the setting motions of which may be transmitted by 0 
means of a first and a second intermediate lever to a 
fuel quantity control member. The pivotal point of the 
second intermediate lever is disposed on a correcting 
lever which is provided with a contoured edge and 
which is engaged by setting members movable depen 
dent upon operational magnitudes of the engine. One 
of the last-named setting members is a temperature 
sensor responsive to the temperature of the engine coo 
lant. 

In regulating systems of the afore-outlined type it is 
required that, in addition to other operational mag 
nitudes, the intake air temperature and the cylinder 
head temperature of the engine also be taken into ac 
count for the formation of fuel mixture and it is further 
required to vary the quantities delivered by the fuel in 
jection system of the engine as a function of the 
aforenoted temperatures. 

In a known regulating system of the aforenoted type 
(as described, for example, in German Pat. No. 
1,171,201), the temperature-dependent change of the 
delivered fuel quantities is controlled by a temperature 
sensitive member exposed to the circulating water coo 
lant in a water-cooled engine. Such variations in the 
fuel quantity, however, serve only for correcting an en 
gine operation in a hot condition, wherein the supple 
mentary fuel quantities required for a satisfactory 
operation of a cold engine are: continuously decreased 
up to a coolant temperature of approximately 35 C. 
Above this temperature, the delivered fuel quantities 
are no longer affected by the temperature sensitive 
member. - 

Since water-cooled engines are so-called tempera 
ture-stabilized engines, that is, the circulation of the 
water coolant is adjusted to the operational condition 
of the engine by control elements, the temperature of 
the cylinder head is substantially constant and the limit 
values regarding the harmful components of the ex 
haust gases (the so-called California test) may be main 
tained by an appropriate setting of the correcting mem 
bers. The temperatures of the inlet channel and the 
cylinder head determining the formation of the fuel 
mixture, are thus well represented by the temperature 
of the water coolant. 

In air-cooled engines which are not temperature-sta 
bilized and in which the flow rate of cooling air is rpm 
dependent, but not controlled, the temperature of the 
cylinder head depends very closely from the opera 
tional condition of the engine and from the tempera 
ture of the air. Thus, an exhaust gas composition which 
does not exceed maximum permissible values is dif 
ficult to obtain, particularly in city driving. 

it has already been proposed to install in the wall of 
the cylinder head of the engine and in the suction tube, 
electric temperature sensors which generate control 
signals for the setting members. In fuel injection 
systems that have a mechanical regulating system, such 
a solution, however, is complex and expensive. 
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It has further been proposed to utilize the tempera 

ture of the engine oil for control purposes in a manner 
similar to the temperature of the water coolant. This, 
however, cannot be materialized in a satisfactory 
manner, since the oil reacts very sluggishly to tempera 
ture changes. 

OBJECT AND SUMMARY OF THE INVENTION 

It is an object of the invention to provide an im 
proved regulating system of the aforenoted type which 
in air-cooled, not temperature-stabilized engines ad 
justs the fuel quantities delivered by the fuel injection 
system during hot engine operation and adjoining 
operational ranges in such a manner to the tempera 
tures of intake air and cylinder head that a very 
satisfactory engine operation is achieved and the limit 
values for the proportions of harmful components in 
the exhaust gas are not exceeded. 

Briefly stated, according to the invention, there is 
provided a temperature sensing member which is 
formed preferably of a great number of heat expanda 
ble elements of large surface and which is exposed to at 
least one part of the cooling air heated by the engine 
cylinders of an air-cooled, not temperature-stabilized 
engine. Further, the contoured control edge of the cor 
recting lever has a first, very steep portion for effecting 
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correction of the injected fuel quantities during hot en 
gine operation and a second, substantially flatter por 
tion for the correction of the injected fuel quantities 
dependent from the operational temperature of the en 
gine. It is particularly advantageous to use a single tem 
perature sensing member. 
The invention will be better understood as well as 

further objects and advantages of the invention will 
become more apparent from the ensuring detailed 
specification of a preferred, although exemplary em 
bodiment taken in conjunction with the drawing. 

BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a schematic view of a regulating system in 

corporating the invention; 
FIG. 2 is an enlarged, axial sectional view of a part of 

FIG. 1, and - - - 

FIG. 3 is a diagram illustrating the values of the 
delivered fuel quantities v. temperature, as controlled 
by a regulating system according to FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Turning now to FIG. 1, to the drive shaft 10 of an 
only schematically indicated fuel injection pump 11 as 
sociated with an air-cooled not temperature-stabilized 
Otto-engine, there is mounted a centrifugal governor 
12, the weights 13 of which displace, in case of a 
change in the rpm, a three-dimensional cam 14 which is 
movable as an rpm-dependent setting member against 
the force of a spring 15. The three-dimensional cam 14 
may be rotated by an actuating arm 16 through linkage 
17 in such a manner that, dependent upon the position 
of the actuating arm 16, a different cam track of the 
cam face is aligned with a follower roller 20 carried by 
a bell crank-type first intermediate lever 21. The ac 
tuating arm 16 is connected in a known manner (not 
shown) with the accelerator pedal and with the but 
terfly throttle of the engine. 
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Rpm-dependent linear displacements, as well as rota 
tional motions (caused by actuating arm 16) executed 
by the three-dimensional cam 14 result in a pivotal mo 
tion of the first intermediate lever 21 as a function of 
the shape of the momentary cam track 22 aligned with 
the follower roller 20. The motion of ever 21 is trans 
mitted to a second intermediate lever 25 which has a 
pivot pin 26 supported on a correcting lever 27. The 
latter carries at one end 28 a contoured control edge 
29. The latter slides, during motions of the correcting 
lever 27, along a pin 30 fixedly attached to a schemati 
cally indicated housing 34 of the regulating system 35. 
The other end 31 of the correcting lever 27 is articu 
latedly connected by means of a shackle 32 to a 
bracket 33 rigidly secured to housing 34. 
The second intermediate lever 25 has, at one end, a 

slot 36 into which extends a pin 37 of the first inter 
mediate lever 21. At its other end, the lever 21 has a 
second slot 38 in which there is guided a pin 41 fixedly 
secured to a fuel quantity control member 40 of the 
fuel injection pump 11. Thus, motions of the bell crank . 
lever 21 or the pin 26 of the second intermediate lever 
25 are transmitted to the fuel quantity control member 
40. 

A pressure bar 43 engages the one end 42 the cor 
recting lever 27 between the pivot 26 and the shackle 
32, while the other end 44 of the pressure bar 43 is in 
contact with a lever 45. The sharp ends 42 and 44 of 
the bar 43 are received in notches 46 and 47 provided, 
respectively, in the correcting lever 27 and in the lever 
45. The pressure bar 43 is maintained in its position by 
means of a tension spring 48 which, by virtue of its 
oblique position, simultaneously presses the contoured 
control edge 29 of the correcting lever 27 to the sta 
tionary pin 30 so that all play is eliminated. The lever 
45 transmits the setting motion of two setting members 
49 and 50 (responsive to operational magnitudes of the 
engine) to the pressure bar 43, which, in turn, displaces 
the correcting lever 27 against the force of the spring 
48 as soon as at least one of said operational magnitude 
varies. 
The setting member 49 is a height correcting device 

and responds to the ambient air pressure surrounding 
the engine. The setting member 50 is a temperature 
sensing member which is affected by the temperature 
of the cooling air and the setting motions of which are 
transmitted by a rod 51 through the lever 45 and the 
pressure bar 43 to the correcting lever 27. 
Turning now to FIG. 2, the temperature sensing 

member 50 comprises a housing 52 which is affixed to 
the housing 34 of the regulating system 35 and which 
has two coupling nipples 53 and 54, constituting, 
respectively, an inlet and an outlet for the cooling air. 
One part of the cooling air that is heated by the engine 
cylinder and used for heating the passenger compart 
ment of the vehicle, is branched off in a manner not 
shown and is directed, through a hose 55 and the 
coupling nipple 53, to the temperature sensing member 
50 and is taken out there from through the coupling nip 
ple 54 and an adjoining hose 56. Due to the fact that 
the engine is not temperature-stabilized, i.e., the flow 
rate of air is not regulated, but varies in an rpm-depen 
dent manner according to the delivery characteristics 
of the fan, the temperature of the cooling air is a mea 
sure of the temperature of the engine cylinders. In 
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4 
order to sense the temperature variations of the cooling 
air in a sufficiently rapid manner even at low rpms and 
thus at low air flow rates, the temperature sensing 
member 50 has, as heat expandable elements, a series 
of disc-like bimetallic plates 57 arranged in pairs, the 
outer surface of which is exposed to the flow of the 
cooling air. The bimetallic plate pairs 57 have a central 
bore 58 by means of which they are inserted and thus 
stacked on the actuating rod 51. 
The actuating rod 51 is held in the housing 52 and 

has, at one end, a collar 59 formed by a snap ring on 
which the stack of plates 57 rests. As a second support 
for the plates 57, there is provided a spring seat disc 61 
which is pressed against a shoulder 63 of housing 52 by 
a take-up spring 62 forming a resilient abutment for the 
stack of plates 57. The spring 62 is received in a cavity 
64 of a cap 65 closing the housing 52. The cap 65 
further carries a bearing member 66 in which one end 
of the actuator rod 51 is received. Between the bimetal 
plate 57 that is disposed closest to the spring seat disc 
61 and the latter there are inserted compensating discs 
67 with the aid of which a basic position of the tem 
perature sensing member 50 may be set. This position 
is characterized by the distance a which, in turn, 
represents the extent of protrusion of the actuating rod 
51. There is further provided a compression spring 68 
(FIG. 1) engaging the housing 34 and urging the lever 
45 continuously against the temperature sensing 
member 50. 
Turning once again to FIG. 1, the contoured control 

edge 29 is kinked and has a steep portion 29a and a flat 
portion 29b. Edge portion 29a controls the fuel quanti 
ties delivered to the engine in a cold condition of the 
engine up to a cooling air temperature of approximate 
ly 35° C. The edge portion 29b controls the operational 
range between temperatures of 35 and 80° C. The 
edge portion 29b terminates in a rigid stop (formed 
here as the end of a slot) for reasons to become clear as 
the specification progresses. During idling operation, 
the contoured control edge 29 effects a course of 
delivered fuel quantities as indicated in the diagram ac 
cording to FIG. 3. In this figure, the abscissa indicates 
the temperature T of the cooling air, whereas the or 
dinate is the fuel quantity Q expressed in mm/stroke. 
At -10°C, the fuel quantity delivered is A, whereas the 
kink point of the curve (at 35° C) is indicated at B, and 
the terminus of the control curve at 80° C is indicated 
at C. If the cooling air temperatures are over 80°C, the 
delivered fuel quantities are no longer affected by the 
temperature sensing member 50. 

OPERATION OF THE EMBODIMENT 
The operation of the individual structural groups of 

the regulating system has already been described 
hereinabove and in the description that follows, 
emphasis is placed on the mode of operation of the 
temperature sensing member 50. In the example 
described, the engine starts at low temperature. In 
order to simplify the operational description, it is 
further assumed that the actuating arm 16 is in an idling position. 

In case of a cooling air (i.e., ambient air) tempera 
ture under 35 C, the correcting lever 27 is in a position 
as shown in FIG. 1. This position corresponds, for ex 
ample, in case of an air temperature T of -10°C to a 
fuel quantity A in FIG. 3. 
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After starting the engine, the temperature of the 
cylinder head increases, and the cooling air is warmed 
accordingly. One part of the circulating cooling air is, 
through the flexible conduit 55, directed to the inside 
of the housing 52 of the temperature sensing member 
50. By virtue of their large surface, the bimetallic plates 
57 very rapidly assume themselves these higher tem 
peratures; they expand, and pressing on the collar 59 of 
the actuating bar 51, displace the same against the 
force of the spring 68. The actuating rod 51 transmits 
its displacement to the lever 45 which, in turn, through 
the pressure bar 43, exerts a force on the correcting 
lever 27. As a result, the latter moves downward, 
whereby the contoured control edge 29 slides along the 
stationary camming pin 30. At the same time, the pin 
26 of the second intermediate lever 25 is displaced 
downwardly and to the right causing, through the pin 
41, the fuel quantity control rod 40 of the fuel injection 
pump 11 to be displaced in the direction of a smaller 
fuel quantity delivery. By virtue of the slots 36 and 38, 
provided in the second intermediate lever 25, the 
downward motion of the latter causes no change in the 
position of the fuel quantity control member 40. Solely 
the slope of the control edge 29 is a measure for the 
change of the fuel quantity control member and thus 
the delivered fuel quantities. 
Up to approximately 35 C, the correcting lever 27 

follows the portion 29a of the contoured control edge 
29. As the kink point 29c reaches the pin 30, the fuel 
quantity control rod. 40 has been displaced to such an 
extent that the delivered fuel quantity. Q corresponds to 
the magnitude B in FIG.3. 
As the temperature of the cooling air further in 

creases, the bimetallic plates 57 continue their approxi 
mately linear expansion, but, by virtue of the relatively 
flat portion 29b of the contoured control edge 29, the 
decrease of the delivered fuel quantities occurs at a 
smaller rate. Up to 80 C, the delivered fuel quantities 
Q follow the curve portion. B - C of FIG. 3. At 80°C, 
the contoured control edge 29, terminates and the pin 
30 is stopped at the end of the portion 29b. The 
delivered fuel quantities at that point correspond to the 
magnitude C in FIG. 3. Further temperature increases 
do not result in any further control motions since the 
bimetallic plates 57 now displace the spring seat disc 61 
against the force of the take-up spring 62. By virtue of 
its compression it is prevented that unpermissibly high 
forces are introduced into the regulating system. 

It is thus seen that by means of the portion 29a of the 
contoured control edge the hot engine run is con 
trolled, while portion 29b. provides that at different 
temperatures of the cylinder head in the load range, the 
delivered fuel quantities are so adjusted that no unper 
missibly high proportions of harmful pollutants will ap 
pear in the exhaust gases. 
What is claimed is: 
1. In a regulating system for controlling the fuel mix 

ture: delivered by a fuel injection system to an exter 
nally ignited, air-cooled internal combustion engine, 
said regulating system is of the type that includes (a) an 
rpm-responsive, setting member, , (b) a first... inter 
mediate lever to which the motions of said rpm-respon 
sive setting member are transmitted, (c) a second inter 
mediate lever connected to said first intermediate lever 
and to a fuel quantity control member to transmit 
thereto displacements of said rpm-responsive setting 
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6 
member and (d) a correcting lever to which said 
second intermediate lever is pivotally secured, the im 
provement comprising, 

A. an expandable temperature sensing member con 
stituting an additional setting member and 
disposed within the cooling circuit of said air 
cooled engine to respond to the temperatures of 
the cooling air, said temperature sensing member 
having a first end and a second end, 

B. rod means attached to said first end of said tem 
perature sensing member, said rod means being 
displaced in a first direction by said temperature 
sensing member by virtue of its expansion caused 
by an increase in the temperature of said cooling 
air, - 

C. first spring means constituting a resilient abut 
ment for said temperature sensing member and 
being in engagement with said second end thereof, 
said first spring means opposing the expansion of 
said temperature sensing member, 

D. second spring means operatively connected to 
said rod means for urging the latter in a second 
direction opposite to said first direction; said 
second spring means being weaker than said first 
spring means for allowing said rod means to move 
in said first direction in response to the expansion 
of said temperature sensing member, 

E. a contoured control edge provided on said cor 
recting lever and having 
1. a first, steep portion, 
2. a second, relatively substantially flatter portion 
and 

3. rigid stop means at the end of said: second por 
tion and 

F. camming means cooperating with said contoured 
control edge for causing a relatively fast rate of 
motion of said correcting member and thus a rela 
tively large rate of displacement of said fuel quan 
tity control member, while said camming means is 
in contact with said steep portion and for causing a 
relatively slow rate of motion of said correcting 
member and thus a relatively small rate of dis 
placement of said fuel quantity control member 
while said camming means is in contact with said 
flatter portion, said camming means arriving into 
engagement with said rigid stop means when a cer 
tain state of expansion of said temperature sensing 
member is reached in response to a predetermined 
temperature; the engagement between said rigid 
stop means and said camming means preventing 
further movement of said rod, means in said first 
direction in response to temperatures beyond said 
predetermined, temperature, said first spring 
means undergoing compression beyond said 
predetermined temperature for taking up the 
forces generated by the expansion of said tempera 
ture sensing member subsequent to the engage 
ment between said camming means and said rigid 
stop means. 

2. An improvement as defined in claim 1, wherein 
the transition of said camming means from said first 
portion of said contoured control edge to said second 
portion, thereof occurs at a temperature of approxi 
mately 35° C of the cooling air. 
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3. An improvement as defined in claim 1, wherein 
said predetermined temperature is approximately 80 
C. 
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