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Serial No. 283,096

ALIEN PROPERTY CUSTODIAN

APPARATUS FOR CONTROLLING THE FUEL
SUPPLY OF INTERNAL COMBUSTION EN-

GINES

Max Hurst, Hans Helmschrott, and Fritz Her-
manhn, Stutigart, Germany; vested In the Alien

Property Custodian

Application filed July 6, 1938

The invention relates to an apparatus for con-
trolling the fuel supply of {nternal combustion
englnes having a fuel delivery control member
which, In addition to being actuated by a gov-
ernor member dependent upon changes of pres-
sure, 1. e, pressure measured with respect to at-
mosphere pressure, in the inductlon pipe of the
englne, is also actuated by a thermostat, in such
a manner that an increase in the temperature
of the gir in the induction pipe results in a re-
duction of the fuel supply.

In known apparatus of this type the thermo-
stat always adjusts the fuel delivery control mem-
ber hy the same amount for any given change
of temperature (such as for example 20°) Irre-
spective of whether the engine is idling and
requires only a small amount of fuel or is work-
Ing at full load and requires a large amount
of fuel,

The object of the invention is to overcome this
disadvantage and to provide a thermostatic ad-
Jjustment of fuel supply which has a progressive
effect on the fuel delivery control member
throughout the different loads of the engine and
ranges of pressures existing In the Induction pipe
respectively.

According to the invention, in an internal com-
bustlon engine having 8 fuel delivery means, a
movable member of pneumatic governor is ar-
ranged to displace a fuel dellvery control mem-
ber through an intermedliate member which is
variably coupled to an operating member con-
nected to a movable thermostat member in such
a manner that a movement of the operating
member, occasioned by a change in temperature,
has a progressively smaller effect on the fuel de-
livery control member as the load of the engine
decreases.

The invention will be more particularly de-
scribed with reference to the [ollowing examples
with reference to the accompanying drawings in
which:

Fgure 1 shows a longitudinal section through
a governor housing, together with the induction
pipe of the Internal combustion engine, which Is
gshown on a smaller scale,

Figures 2—4 illustrate the moving parts of Fig.
1 In different positions. :

Figure 5 is a sectlon along the line V—V of
Mg. 1.

Plgure 6 is a graph.

PFlgures 7 and 8 show another form of con-
struction in different positions.

Figure 9 shows & third form of construction.
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Figures 10 and 11 show parts of Flg. 9 on a
larger scale and In various positions.

Flgure 12 illustrates a fourth form of con-
struction.

Figure 13 is a section along the line 13—13 of
Fig. 12,

Part of an injection pump | of an internal
combustion engine, has & control rod or fuel de-
livery adjustment member 2 which is connected
by means of a connecting rod 3 to a cranked
lever 4. The cranked lever 4 is pivotally mount-
ed on g pin § sttached to a rod 6, which 1s mount-
ed so as to be axially displaceable in the houslng
and the right hand end of which 1s connected
to a diaphragm T. The dlaphragm T forms &
movable partition between two chambers 8 and
9 of a4 pneumatle governor. One of these cham-
hers 8 communicates through apertures (8 and
1l with the atmosphere whilst the other cham-
ber 9 communlicates through a pipe 12 with the
Induction pipe 13 of the Internal combustion en-
gine. The pipe (2 leads into the induction pipe
I3 directly behind an adjustable throttle valve 16
in the direction of flow (4 of the air. The throt-
tle valve 18 1s contalned in a venturl-like con-
striction 15. When the vacuum rises in the
chamber 9, the diaphragm T, operating as the
governor member of the pneumatic governor,
moves towards the right whilst when the vacuum
decreases, it moves in the opposite direction un-
der the action of a spring 29. In the induction
pipe i3 is disposed a thermostat {71, the expand-
ing member of which 1s conhected through the
elements I8 and 19 to a lever 20. The lever 20
is fixed to the plvot 21 of a lever 22 which Is
plvotally mounted on a side wall of the housing
as shown in Flg, 5. Into a longitudinal slot 23
of the lever 22 there extends a pin 24 which is
disposed on one arm 28 of the cranked lever 4,
which is shown In the horizontal pesition In Fig. 1.

When the lowest temperature prevalls in the
induction pipe (3 of the engine, for example at
—20° C the thermostat (T stands in the position
shown in Fig, 1, in which case the lever 22 and
the slot 23 are horlzontal. Under these condi-
tions, when the throttle valve 16 remalns in the
1dling position as shown in Flg, 1, the high de-
gree of vacuum prevaillng behind the throttle
valve, and consequently, also in the chamber 9
causes the parts of the apparatus to move into
the positlon shown In Fig, 1. If the vacuum in-
creases still more, for example in an over-run,
the pin 24 can be moved still further towards the
right in Fig. 1 until its axis coincides with that
of the fulcrum 21 of the lever 22, when the gov-
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ernor rod 2 comes Into its stop position whilst the
connecting pin 26 stands In the position ¢ and
the injection pump supplies no fuel. If the same
minimum temperature is maintained in the in-
duction pipe whilst the throttle valve 1s opened,
that is adjusted to the full load positlon, then a
comparatively low degree of vacuum prevalls in
the chamber 9, right up to the maximum engine
speed. The spring 29 is thus able to move the
dlaphragm 71 and the other moving parts Into
the positlon shown In Flg. 3, in which position
the Injection pump Is adjusted to give full load
fuel supply. Under these conditions the con-
necting pin 26 reaches the position b,

This manner of coperation which applies to
minimum temperatures is changed when the tem-
perature rises. When, at a temperature of
—+30° C for example, the Iever 20 is moved by
the thermostat 171 into the position shown in
Figs. 2 and 4 then the change of pressure in the
chamber 9 causes the pin 24 to slide in the slot
28 which is now in a diagonal position. Under
these conditlons the displacement of the dia-
phragm 7 forces the cranked lever 4 to turn about
the pivot 5 (when the slot is in the horizontal
position shown in Figs. 1 and 3, the cranked lever
4 is simply dlsplaced horizontally without at the
same time turning about the pivot §). When thc
temperature rises above —20° for example, thc
free end of the lever arm 22 which is shown in
Figs. 2 and 4 inclined downwards, at one tem-
perature, now turns the angular lever 4 towards
the left, in an anti-clockwise direction, as a con-
sequence of the movement of the dlaphragm 1.
Thls movement produccs a displacement of the
governor rod 2 towards the right, thus reduclng
the fuel supply. This displacement of the gover-
nor rod to the right, as a result of rising tem-
perature, always remains less than the simul-
taneous displacement of the diaphragm T to-
wards the left, so that every displacement of the
diaphragm towards the left, as a result of a de-
crease of vacuum in the chamber T, is accom-
paniled by a movement of the governor rod to-
wards the left, which movement merely decreases
in relation to equal changes of vacuum and eqgual
adjusting movements of the dlaphragm, on ac-
count of the increasing slope of the slot 23, that
is of the Increasing temperature. Whilst, for ex-
ample at —20° a displacement of the diaphragm
1 or of the pin 5 connected thereto from the stop
position o into the full load positlon & as shown
in Flg. 3 would correspond to a displacement of
the governor rod through the distance x, yet at
+30° an equally large displacement of the dia-
phragm 1 and of the pin § of the governor rod,
would In the position shoewn in Fig. 4, result in
displacement only through the distance ¥, which
is smaller than the distance £ by the distance 2.

This reduction of the displacement by the dis-
tance 2 which applies to variations of loading be-
tween zero and full load and to the temperature
variation of 50°, between —20° and +30° does
not remaln constantly uniform for the same tem-
perature variations, but changes according to Lthe
amount of load. For example, when the engine
is idling, if the diaphragm 7 moves so that the
pin § iy displaced from the stop position @ into
the idling position ¢ shown in Pigs. 1 and 2, thus
moving through the distance x1, then the gover-
nor rod at —20° moves through the distance z:
as shown In Fig. 1, whilst at +30° sccording to
Fig. 2, the governor rod moves through the dis-
tance y: which varies from 1 only by the negligi-
ble amount 21. In the partial lpad position shown
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in dotied liues In Fig. 2, the corresponding dis-
tances za and y2 differ rather more, namely by
the amount z:. It will be scen that the same
cliange of {emperature produces a movenient to-
wards the right which increases with increase of
engine load. Thercfore, when the engine is heav-
ily loaded and 1s receiving a large amount of air,
whilst rises ¢f temperature considerally decrease
the welght of the inducted air, then the fucl
sunply is reduced accordingly, whilst if the enginc
is idling and the air and fuel supplies are small.
then the fuel supply is reduced by only a small
amount. Under these conditions therefore the
lever 22 is a control member dependent upon
the thermestat and inserted in the rod between
the diaphragm 7 and the governor rod a2nd en-
gaging with the pin 24, in such a manner that
the movement of the governor rod depends in-
creasingly upon {he temperature influences as the
engine load increases. In the example described
the relations are such that z:2=z:1:z1=12:22 etc.

Fig. 6 is a graph showing this relation, of
which the abscissa indicates the engine load
whilst the ordlnate indicates the fuel supplied
by the injectich pump. The line m represents
the increase of fuel required by the engine and
of the fuel supplied by the injection pump as the
load Increases, at the minimum temperature (ex-
ample —20°) of the inducted air, corresponding
to the Increased air supply required threugh in-
creasing loading in mixed fuel engines with for-
eign ignition. The lines #n, o, », q, r indicate
smaller fuel supplies such as are required when
less air passes into the ¢ylinder as a result of
increase in the temperature of the inducted air
and which are obtained aceording to the present
invention by means of the various dlagonal posi-
tions of the slot 28. The dotted line ¢ merely
indicates that it would be incorrect to arrange
the thermostat so that the fuel supply is always
reduced by the same amount w, or alternatively
so thet the governor rod is always displaced
through the same distance for any given ehange
of temperature, irrespectively of the prevailing
engine load, or alternatively of the amount of air
In the cylinder. In this case, at high tempera-
tures under idling and partial load conditions,
the governor rod would be displaced too far in
the stop direction, whilst at full load the displace-
ment would not be sufficlent. This arrangement
might at most be possible in engines which are
constantly run at full load.

The slot 23 in the lever 22 may naturally also
be curved if this {s desirable for some partieu-
lar purpose, such as for example productng a
richer mixture under idling and partial load con-
ditions.

Figs. 7 and 8 show another example of con-
structlon of the invention. A two-armed lever 33,
31 is connected by means of a slot 32 in one of
its arms 80 to a pin 83 attached to the governor
rod 34 of the injeetion pump, whilst a slot 36 In
the other arm 31 connects the lever with a pin
39 disposed on a rod 38 leading to the dlaphragm
3T on & pneumatic governor. The two armed
lever 30, 31 is mounted on a pivot 49 Axed to a
gulde element 4) which sldes in & slot 42 tn the
housing. 'The guide element &4 is displaceable
by means of a lever 43 mounted on a pivot 44 In
the housing and engages by means of a slot 45
with the pin 80, To the right of the pivot 44 In
Pigs. T and 8 the lever 43 i3 connected to a rod
47 leading to a thermostat 48, When the tem-
perature rises in the Inductlion pipe, the rod 41
is displa¢ed In the upward direction by the ther-
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mostat 48, thus causing the lever 43 to be ro-
tated In an anti-clockwlse direction. As a result
the guide element &I is displaced in the down-
wards direction in the slot 42 of the housing and
carries with it the lever 30, 3i, into the position
shown In Fig. 8 for example.

Pg. 7 shows the lever 43 In s position corre-
sponding to the lowest temperature allowed for
(e, g, —30° C), When & low degree of vacuum
prevails in the governor chamber 48, the dia-
phragm 31 and the lever 30, 31 are in the posi-
tlon shown in full lines, In which position the gov-
ernor rod 34 1s adjusted to the highest fuel supply
required at full load. In the position p shown
in dotted lnes, the pins 38 and 33 stand at 39’
and 33’ and the governor rod 34 is adjusted to
the stop position. The operative lever arms /
and ¢ of the two-armed lever 31 are of equal
length as shown In Fig. 7. Consequently, when
the diaphragm 387 or the pin 39 are displaced
by the amount %, then the pin 33 or the governor
rod 34 are displaced by an equal amount hu.

On the other hand, when a higher temperature
prevails in the induction plpe and the lever 43
stands In the position shown in Fig. 8, in which
case the lever ratio f:¢ shown in Fig. 7 1s changed
to the ratio f':¢’ shown in Fig. 8, then the same
displacement k of the pin 39, which moves with
the diaphragm 31, into the position 3%’ produces
& displacement of the pin 33 only hy the amount
h’. Thus 1t will be seen that at a higher tem-
perature and at full load the governor rod 34
is displaced from the stop position by an amount
which 15 less by the amount #* in Fig. 8 than the
displacement taking place at the lowest tem-
perature, and at the same full load adjustment.
This distance i’ changes with every variation of
the engine load, while lever ratio f':¢° and the
variation from minimum temperature both re-
main constant. For example the distance i’
changes to i’, ¢ when the pin 3% moves from the
position of no fuel supply 3% into the partial
load position h, £ of the lever 31, shown 1n dotted
lines. Given the same temperature changes, this
variation is proportional to the change of engine
load, or alternatively to the degree of vacuum
prevalling in the governor chamber, which in turn
depends upon the volume of air flowing Into the
cylinder through the induction pipe. What Is
true for the lever ratio f':¢’ is also true when
this ratlo changes as a result of a change of tem-
perature In the inducted air, and in fact it iIs
always true that the Influence of a rise in tem-
perature on the reduction of fuel supply is pro-
portional to the degree of engine load and conse-
quently to the weight of alr passing Into the en-
gine at each piston stroke.

In & third form of construction shown in Fig. 9
g roller 52 attached to a governor or rod %0
of & benzol Injection pump 5 15 pressed by a
weak spring B4 against one side of a cam shaped
member 38. The other side of the cam engages
with a second roller §§ which is mounted on the
right hand end of the longitudinally displaceable
rod §8. The left hand end of the rod 68 is con-
nected to a two-armed lever 61, 68, which is
mounted on a pivot 60 on the left hand end,
of a rod 69, the lower end of which two armed
lever is connected by a pin 61 to a rod 62. The
rod 82 is connected to the governor diaphragm
63. From one chamber B84 of the governor, a
duct 88 leads to the Induction pipe 87 of the
engine into which it opens at a point behind an
adjustable throttle valve 8% in the direction of
flow of the alr 86, the other governor chamber 85
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communicates through apertures 10 and Ti In
the housing with a space which iz maintained at
a pressure equal to that in the induction pipe
outslde the throttle valve 89, that 1s, in the pres-
ent example, which is deslgned for self inducting
engines, the atmosphere. The diaphragm box 12
ig also exposed to the pressure prevalling in front
of the throttle valve, which box expands as soon
as the engine of a vehlicle 15 exposed to a low air
pressure, for example at high altitudes, This
expansion of the diaphragm box 12 causes the
pin 80 of the lever 81, 88 to swing towards the
left about the point 81, thus causing the cam 53
which is plvoted on an eccentric 13 to displace
the governor rod $0 towards the left into the
stop positlon. The governor rod is similarly
moved In the same direction when the vacuum
increases in the chamber 84, as e result of an
increase of engine load, thus causing the dla-
phragm 83 and the lower pivot 8{ of the lever
§1, 68 to be drawn towards the right.

The eccentric 73 is rotatable about the pin 15
which is locally fixed In an arm 14 of the in-
Jection pump §i. To the pin 76 is connected a
lever 18 which is connected by a rod 17 to a
thermostat 18 arranged within the induction pipe
01. When the temperature rises in the induc-
tion pipe 81, the rod 1T 158 moved towards the
left in Fig. 8, with the result that the eccentric
13 is angularly displaced by means of the lever
16 and the cam 38 moves In the downward direc-
tlon. With reference to Figs. 10 and 11, which
show enlarged views of the cam 63, it will be
explained how, under various engine load condl-
tions, the changes of temperature in the induc-
tion pipe, acting through the thermostat, the
eccentric and the cam, affect the position of the
governor rod and consequently the supply of fuel
through the injection pump.

In Fig. 10 the governor rod 60 and the rod 68
connected to the governor, stand in the stop po-
sition, In which position the injection pump is
acdjusted so as to supply no fuel. When the
eccentric 13 1s rotated by the thermostat 78 out
of the position shown in full lines, correspond-
ing to the minimum temperature, into a position
13a shown In dotted lines, corresponding to a
higher temperature, then the cam moves in the
downward direction without causing any move-
ment of the governor rod §0. Therefore in the
stop position changes of temperature have no
effect on the position of the governor rod.

However conditions are different when the en-
gine {s loaded and the injection pump, as shown
in Fig. 11, 15 adjusted to give a large fuel supply
under full load conditions. The positlon 50a of
the governor rod corresponds to the position of
the eccentric 73 at the minimum temperature,
for example —20°, and with the diaphragm 63
standing In the full load position. With the
diaphragm 83 in this full load condition an in-
crease in temperature causes the eccentric 18 to
move into the position 13g shown in dotted lines,
50 that the left hand side of the cam 63 slides on
the roller 63, whilst the right hand side of the
cam allows the governor rod to move into the
position 383, thus supplying a smalter amount of
fuel at full load to correspond to the higher tem-
perature. In the same manner, when the dia-
phragm 638 is adjusted for partial load, the cam
§3 causes the fuel supply to be progressively re-
duced as the cam descends from its topmost po-
sitlon, However, at partlal load, the influence
of a change of temperature of for example 20°
is less than at full load. It will be seen that In
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this case also, temperature changes exert pro-
gressively less influence on the fuel supply as the
engine load rises.

In a fourth form of consiruction shown in Fig.
12, the control rod of the governor is cohnected
by meanhs of s rod 68 to an eye 61 of a ring 62.
The ring 62 fits closely by means of a fiange 63
on its inner periphery around a piston 64 of a
servomotor and cohtains an operating slide 65
which also fits closely around the piston 4. On
the side of the ring remote from the internal
flange 63 is fitted a cover 68 which prevents lon-
gitudinal displacement of the operating slide 68
within the ring 82.

The operating slide 65 Is provided with two
operating abutments 87 and 88 which rest against
the outer periphery of the piston 64. A space
69 Dbetween the operating edges 61, 63
communicates through ducts 11 and 12 in the
piston, (indicated by dotted lnes in the draw-
ing), with an oil inlet pipe which is not shown.
Moreover, operating grooves 13 and T4 are pro-
vided in the outer periphery of the piston. The
left hand groove T3 communicates through two
ducts 16, T6 in the piston 64 with a space 1T to
the right of the piston, whilst the right hand
groove T4 communicates through ducts T8 and
T8 with a space 80 on the left hand side of the
piston. A rod 8l connects the piston 84 to the
control rod of an injection pump, the two latter
not being shown in the drawing.

It is to be understood that the governor con-
nected to the rod 60 moves the operating siide
65 towards the right in Fig. 12 as the engine load
increases. This movement forces oil out of the
space 69 through the groove 14 and the ducts 18,
19 into the space B0. Consequently the piston
84 follows the operating slide 65 towards the right
until the operating surfaces 8T, 68 again cover
the grooves 13, T4, A state of equilibrium is
then established In the new position. The oil
forced out of the space 1T by the movement of
the piston towards the right, flows through the
ducts 18, 18, the groove 13, the space to the left
of 81 and ducts 82. This movement towards the
right carries the rod 8 towards the right and
adjusts the governor rod of the injection pump
s0 as to give a larger fuel supply corresponding
to the increased engihe load.

In the case of a decrease in engine load the
rod 60 moves the operating slide 65 towards the
left, foreing cil from the space 69 through the
groove 13 and the ducts 75, 1% into the space
71. In this case the piston 64 follows the move-
ment of the operating slide towards the left,
adjusts the control rod so as to glve a smaller
fuel supply and forces the oil from the space 80,
through the ducts 18, 78, T4, through the space
in the operating slide 85 to the right of the op-
erating edge 66, and through ducts 63,

The operating slide 65 is also provided with
a pin 90 which passes through a slot 81 extend-
ing round part of the circumference of the ring
62. The pin 90 is pivotally connected to a sec-
ond pin 82 which slides in a barrel 83 which is
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loosely disposed in a slot 94 of a lever 85. The
lever 86 is fixed to one end of a spindle 9T which
is rotatably disposed in the servomotor casing,
whilst the other end of the spindle carries a lever
98 which is connected to the thermostat. In the
present example as shown In the drawing, the
connection of the thermostat to the lever 98 is
such that at the lowest temperature of the in-
ducted air, the slot 94 of the lever 98 is parallel
to the axls of the piston 64. In the partial Joad
position as shown in the drawing, the slide 65 1s
disposed so that the pin 92 stands approximately
in the middle of the slot 94. However,  the
slide 66 is adjusted to the position of no fuel
supply, then the pin 92 stands at the left hand
end of the slot 94, so that the axis of the pin $2
coincides with the axis 9Ta of the spindie 81. In
ihe position of no fuel supply, when the aXes co-
incide in this manner, angular displacement of
the levers 98 and 95 have no effect on the pins
90 and 92. However, if the operating slide 65
stands in the middle or partial load position,
shown in the drawing, then any rotary move-
ment of the lever 98 causes the pin 82 o0 be
moved out of the plane of ihe drawing, carrying
with it the pin 90 and thus causing angular dis-
placement of the operating slide 69 relatively to
the piston 64.

In the partial load position as shown, the op-
erating edges 61, 68 and the grooves T3, T4 ex-
tend forwardly and rearwardly out of the plane
of the drawing and have the shape of spiral
lines. When on a rise of temperature, the lever
85 is moved forward out of the plane of the
drawing from its position parallel to the axis
of the piston, then as the upper half of the op-
erating slide 63 moves forward and the lower
half backwards, the operating edges 6T, 68 are
displaced towards the right rclatively to the
grooves 13, T4, With the spiral grooves 13, T4
directed as shown in the drawing, the result of
this movement is that the space 69 comes into
communication with the duct 15 opening into the
groove 13 and consequently with the space 17, so
that the governor rod is adjusted so as to reduce
the fuel supply. A further reduction of fuel sup-
ply at the same temperature, and consequently
with the levers 98 and 835 adjusted to the same
position, 1s produced when at high engine load
the slide 65 stands further towards the right in
Fig. 12 and is consequently still further angular-
ly displaced by the pin 92 sliding |n the spiral
slot 84, This naturally causes the piston 64 and
the governor rod Bl to be displaced further to-
wards the left. Therefore the movement of the
governor rod in a direction producing a decrease
of fuel supply for any given rise of temperature
varles directly with the engine load, that is with
the influence exerted by the rise of temperature
upon the weight of alr supply to the engine.

The invention may be applled to supercharged
engines in addition to self inducted engines,

MAX HURST.
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