693

’

2,274

H. HEINRICH ET AL
Filed Aug. 22, 1939

INJECTION INTERNAL COMBUSTION ENGINES

GOVERNOR APPARATUS FOR THE FUEL DELIVERY OF DIESEL AND OTHER

March 3, 1942,




" Patented Mar. 3, 1942

2,274,693

UNITED STATES PATENT OFFICE

2,274,693

GOVERNOR APPARATUS

FOR THE FUEL

DELIVERY OF DIESEL AND OTHER INJEC-
TION INTERNAL COMBUSTION ENGINES

Hans Heinrich, Stutigart, Alfred Schweizer,
" Vaihingen, a. F.,, and Max Hurst, Stuttgart,
Germany, assignors to Robert Bosch G. m. b.
H., Stuttgart, Germany

Application August 22, 1939, Serial Nb. 291,434
In Germany August 16, 1938

(ClL 123—140)
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The present invention relates to a governor
apparatus for the fuel delivery of Diesel and other
injection internal combustion engines wherein
the movement of the fuel delivery control mem-
ber of the injection apparatus in a direction pro-
ducing an increase of fuel supply is limited by a
stop, the position of which is automatically ad-
justed dependently upon the absolute pressure in
the induction pipe of the internal combustion
engine.

In known governor apparatus of this type it is
not possible always to adjust the stop automati-
cally under all running conditions, so as to pro-

- duce smokeless combustion at all engine speeds
and with a minimum quantity of superfluous air,
so as to maintain the engine constantly at its
highest efficiency. This is particularly true in
the case of supercharged Diesel engines in air-
craft or vehicles which are operated at g variety
of altitudes and under a variety of air tempera-
ture conditions.

The object of the present invention is to pro-
vide a means for adjusting the fuel supply so as
to produce a substantially smokeless combustion
under all running conditions.

According to this invention, in a fuel injection
apparatus of the type set forth, governing means,
ncluding a plurality of members respectively
movable in response to changes of atmospheric

pressure and of pressure and temperature ob- ¢

taining in the induction pipe, is adapted to dis-
place the stop in the direction of increased in-
jection in accordance with a decrease of the at-
mospheric pressure and/or in accordance with an

increase of the pressure obtaining in the induc- :

tion pipe and decrease of the temperature therein
in such a manner that equal changes of pressure
in the said induction pipe cause displacements of
the stop which increase progressively with re-

duction of the temperature in the induction pipe. :

The invention will be more particularly de-
scribed and ascertained with reference to the ac-
companying drawing in which—

Figs. 1 and 2 respectively represenf two exam-

ples of construction of the invention.

Fig. 3 shows a detail of Fig. 2 in various posi-
tions. ’ :

An injection pump 1 is driven by an internal
combustion engine (which is not shown) and sup-
plies to the combustion engine in known manner
various quantities of fuel according to the posi-
tion of its fuel delivery control member 2. A
movement of the fuel delivery control member 2,

which can also be briefly described as a governor
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rod, towards the right, results in a reduction of
fuel supply, and vice versa.

One end of an expansion spring 4 is secured in
a bhore 3 of the governor rod 2, whilst its other
end is attached to the inner end face of a sleeve
5. 'The sleeve § has a collar 6 which abuts against
one end of a lever 1. The lever 1 is pivotally
mounted on a pin 8 attached to the housing and
is pivotally connected by means of an axially dis-
placeable rod 9 with a second lever (0. The
levers 10 and T can be operated by the operator
and can be adjusted into the positions A, B, C,D .
shown in the drawing or into intermediate posi-
tions. The operating lever is secured against ac-
cidental displacement by a latch (! of known
type. .

The position A shown in full lines in the draw-
ing is the stop position, in which the lower end of
the lever 1 holds the collar 6 and the governor
rod 2 connected therewith in the right hand end
position. Under these conditions the collar 6 is
forced against the lever T by means of a spring
12 which acts upon stiffening plates {3 of a dia-
phragm 14 and tends to force the sleeve 5 towards
the left. When the operating levers are moved
into the idling position B, the full load position
C or the starting position D, the lower end of
the lever T moves towards the left. The governor
rod follows this movement of the end of the
lever, under the pressure of the spring 12 so long
as such movement is not prevented by certain
opposed forces, the influence of which is more

fully described below.

A three-way cock designed as an oscillating
cylindrical valve 16 is connected to the lever by
means of a connecting rod 15. The oscillating
cylindrical valve 16 is provided with a groove 11
which in the stop position, as shown in the draw-
ing, allows communication between two ducts 18
and 19. The duct 18 leads into a sealed chamber
20, one wall of which is formed by the movable
diaphragm (4. The other duct 19 leads into a
duct 2t which opens into the induction pipe 22
of the internal combustion. engine. The induc-
tion pipe 22 is provided with combustion, air by -
means of a supercharger 25 which draws in air
through a filter 24. From the compression side
of the supercharger the air flows past two throt-
tle valves 26, 2T and past the opening of the duct
21 in the direction of the arrow 23 to the cylinders
of the engine, v _ . ,

By the movement of the operating lever 10 into
the stop position A, the injection. pump. is ad-
justed to the no supply position,  so - that : the
internal combustion engine is stopped. In this
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stop position the throttle valve 21 has no con-
nection with the operatirz lever, but is drawn
back against the stop 31 by means of a spring
28 which is attached to a lever 29 which is
mounted on the pivot of the throttle valve, and
which is more strongly initially tensioned than a
spring 30 which is attached to the throttle valve
and which exerts a force in the opposite direc~
tion.

In the idling position B of the operating lever
10, the lower end of the lever T has a position
which allows a movement of the collar 6 and the
governor rod 2 from the stop position towards
the left, under the action of a spring 12. More-
over a projection 32 at the upper end of the lever
1 comes into contact with the lever 29 without
displacing it from the position shown in the
drawing. Therefore when the engine is idling,
the throttle valve 27 which is connected to the
lever 29, remains in the position shown in the
drawing, in which position the air supply to the
engine is reduced. The reduction of air supply
is such that at the low idling speed of the en-
gine, the supercharger 25 does not produce any
pressure above atmospheric pressure within the
part of the induction pipe 22 lying between the
throttle valve 27 and the cylinders of the engine.
On the contrary, under idling conditions a sub-
atmospheric pressure is produced in this part of
the induction pipe.

When the operating lever 10 is at the idling
position B, the rod 15 and the oscillating cylin-
drical valve 16 have also a somewhat different
position. The right hand end {Ta of the slot 17
is moved slightly downwards without however
sealing the duct 19, whilst the left hand end 1Tb
now stands further towards the left. In this
new position, the ducts 18 and 19 remain in com-
munication with one another, so that the suc-
tion in the induction pipe 22 is able to draw the
diaphragm {4 within the chamber 20 towards the
right, against the force of the initially tensioned
spring 12, when, with the lever 10 in the idling
position B, the engine speed increases and con-
sequently the suction in the induction pipe in-
creases. In this manner the idling speed is
governed. On the over-run that is, when the
vehicle on which the engine is mounted goes
downhill, for example, and causes the engine to
rotate at a speed higher than maximum admis-
sible speed, and with the governor rod in its
idling position, the suction in the induction pipe
22 becomes so great that the governor rod 2 is
drawn into a pesition in which no fuel whatever
is supplied by the injection pump to the injection
nozzles.

When the operating levers 7 and 10 are moved
into the full load position C, the valve 16 is ro-
tated by the lever 15, with the result that the
duct 19 is closed and that the duct 18 communi-
cates through the slot {1 with a duct 34 leading
to atmosphere. In this case, the same air pres-
sure prevails on both sides of the diaphragm (4.
Moreover in the full load position the throttle
valve 27 is brought into a horizontal position by
the projection 32 of the lever 1, in which posi-
tion it rests against the projection 33 in the in-
duction pipe 22. When the throttle valve 27 is
open, and with the engine working at full load,
the supercharger 25 produces a pressure above
atmospheric pressure in the induction pipe 22.
This pressure is now unable to penetrate into the
chamber 20 and influence the diaphragm (4, as
under idling conditions; however it influences
the fuel delivery control member of the injection
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pump, but in a diffcrent manner, which is to be
explained below. .

The duct 21 opening into the induction pipe 22
is in communication with a chamber 35, in which
is disposed a diaphragm box 36 which responds
to changes of pressure. The right hand end of
the diaphragm box 36 is attached to an end face
of the chamber 35, whilst the other movable end
is connected by a rod 37 to a lever 38. The lever
38 is mounted on a pivot 39, and its lower arm
carries a pin 40 which forms the fulerum of a
cranked lever 41. One arm of the cranked lever
is connected by means of a connecting rod 42
with the operating member of a servomotor 43,
which is shown only diagrammatically in the
drawing, and which is connected with a stop #1
by means of a crank arm or lever 44, spindle 45,
which is mounted in the governor housing, and a
lever 46.  According to the position of the stop
41, the collar or cemplementary stop 6, or the
governor rod 2 can be moved varying distances
towards the left by the force of the spring 12.

That arm of the cranked lever 41 which is
shown in a horizontal position iu Fig. 1 is guided
by a pin 48 in a slot 49. Increase of loading
pressure in the induction pipe 22 and in the
chamber 35 results in a contraction of the dia-
phragm box 36, and consequently causes the
lever 38 to be rotated in a clockwise direction.
As a result of the guidance of the pin 48 in the
slot 49, the cranked lever 41 is displaced in a di-
rection towards the left and carries with it the
connecting rod 42. It should be understood that
when the connecting rod 42 is displaced towards
the left, the servomotor 43 causes the stop 47 to
be displaced also towards the left, whilst if the
connecting rod 42 is displaced in the opposite di-
rection as a result of a decrease of pressure in
the induction pipe 22, the stop 47 is moved
towards the right. The further the stop 47 is
displaced towards the left as the loading pressure
rises and with the engine adjusted for full load,
the further can the spring 12 displace the collar
6 of the governor rod 2 towards the left, with
consequent increase of fuel supply and vice versa.

A cranked lever 50, which is rotatable about
a pivot 51, is provided with a slot 49, The
cranked lever 50 is connected by means of a con-
necting rod 52 to another cranked lever 53, which
lever is rotatable about a pivot 54 and is con-
nected to a connecting rod 55, which in turn
is connected with a two-armed lever 51, which
is rotatable about & fulerum 56. The two-armed
lever 57 is actuated by a thermostat 58, which
responds to the temperature of the air in the
induction pipe 22. When the temperature rises,
the thermostat 58 displaces the two-armed lever
57 and the cranked lever 53 in an anti-clockwise
direction, whilst the cranked lever 50 is displaced
in a clockwise direction. Consequently the slot
49 is directed upwards at an angle which in-
creases with increase of temperature in the in-
duction pipe 22. The position of the slot 49
which is shown in full lines in the drawing, cor-
responds to the lowest temperature provided for,
e.g.—30°C,

With the lever 38 in the position shown in
the drawing and provided that the loading pres-
sure remains consiant, if the temperature in-
creases for example from the minimum tempera-
ture —30° C. to 4-40° C., then the slot 49 moves
into the diagonal position 4%a shown in dotted
lines in the drawing. As a result the cranked
lever 41 is rotated by the pin 48 so that the
connecting pin 99 which connects the cranked
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lever 41 to the connecting rod 42 is displaced
from the position a by the amount b towards
the right into the position ¢. The stop 41 also
is carried towards the right and the fuel supply
is reduced by an amount corresponding to the
reduction of the weight of inducted air resulting
from the temperature increase, whilst the loading
pressure remains constant.

At the minimum temperature —30°, if the le-
ver 38 is displaced into the position 38a, which
is shown in dotted lines and which represents
a greater loading pressure, then the pin 48 is
displaced in a direction towards the left within
the horizontally disposed slot 49, and the point
of connection 59 moves from the position a, by
the amount d, towards the left, into the posi-
tion e. In this case the stop 471 is displaced in
a direction towards the left sufficiently to allow
an increase of the fuel supply corresponding to
the increase in loading pressure, while the tem-
perature remains constant.

If at the high loading pressure required by
the position 38a the temperature rises to -+40°
in the induction pipe 22, then, with the slot 49
in the position 49a, shown in dotted lines, the
pin 48 comes into a position which is located by
the amount f above that position which it has
at the same loading pressure and at the minimum
temperature —30°, whilst at an equally high tem-
perature +40° and with the lever 388 in the posi-
tion shown in full lines in the drawing and rep-
resenting a lower loading pressure, the pin 48
has a position which stands above its position at
the lowest temperature only by the amount ¢.

Just as the distance f is greater than g so are
the corresponding distances marked 7’ and g’
of different dimensions, distances by which the
point of connection 59 is displaced at the said
high temperature 440° and at the different load-
ing pressures. In this case f’ is to g’ as the
weight of air at high loading pressure and at
the high temperature of +40° is to the smaller
weight of air at a lower loading pressure and at
the same time high temperature of 4+40°. The
adjustment paths of the stop 41 vary on the same
principle, so that the fuel supply also varies with
variations of loading pressure, in the same pro-
porticn as the respective charge weights.

At an intermediate loading pressure, an in-
crease of temperature from —30° to +40° re-
sulted in one case in an adjustment of the con-
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stop 41, by a distance g¢’, whilst in the other
case, at a high loading pressure, the same in-
crease of temperature from —30° to +4-40° pro-
duced a displacement of the connecting point 59
by the larger amount f’. In the same way, ac-
cording to the construction as set forth, still
smaller loading pressures result in displacements
which are even less than the distance ¢ and in
fact the amount of adjustment decreases pro-
portionately to the amount of decrease of loading
pressure, and of the weight of air which is pro-
portional thereto, at constant temperature. The
amount of adjustment is reduced to zero when
the air weight is zero, in which case the pin 48
and the fulcrum 51 coincide, while the stop 41
adjusts the injection pump to the stop or no
supply position. This position scarcely. ever
arises when the operating lever is adjusted to the
full load position. It is merely important for the
arrangement of the pin 51 which lies in the posi-
tion which would be occupied by the pin 48 if
the loading pressure fell to zero.

If in the manner set forth, the stop 47 is ad-
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justed so that, in spite of alternation of pressure
and of the temperature of the loading air, the
amount of fuel injected is always proportional to
the weight of loading air, then a good smokeless
combustion could be attained in conjunction with
high efficiency of the engine, if it were not for
the fact that in the engines of vehicles, and par-
ticularly of aircraft, another important factor
must be taken into account, which also influences
the weight of loading air passing into the cylin-
ders of the engine and which consequently must
not be ignored when arranging the fuel supply,
if the greatest possible efficiency of the engine is
to be attained in conjunction with smokeless
combustion. This factor which must be taken
into account is the so called exhaust resistance.
It has been . discovered that when the loading-
pressure of an internal combustion engine re-
mains constant while exhaust resistance de-
creases, as for example at high altitudes, the en-
gine requires a rather larger fuel supply because
the cylinders are discharging their exhaust into
a thinner atmosphere, and consequently a better
emptying and refilling of the cylinders with fresh
air is possible. This influence is compensated by
means of the device described below.

In Fig. 1, the pin 5{ which forms the fulerum
of the cranked lever 50 is not locally fixed, but is
secured to an eccentric 60, which can be angu-
larly displaced by a diaphragm box 62 acting
through a rod 61. The diaphragm box 62 re-

.sponds to varying atmospheric pressure occur-

ring, for example, at various altitudes in the case
of aircraft, and which is equal to the exhaust
resistance. A reduction of exhaust resistance
causes the pin 5! to be turned in a downward
direction. In this case (provided that the load-
ing pressure and the temperature of the loading
air do not produce any displacement of the lever
38 and of the cranked lever 53) the pin 40 and
the. connecting pin 63, which connects the
cranked lever §3 to the connecting piece 52, re-
main at rest. Since the cranked lever 41 can
turn about-the pin 40, whilst the connecting piece
52 can turn about the pin 63, the cranked lever
50 is displaced substantially vertically in a down-
ward direction on the downward displacement of
the pin 8f. The cranked lever &1 is angularly
displaced in an anti-clockwise direction whilst
the connecting pin 59 moves towards the left
and, in accordance with the reduced exhaust
resistance, adjusts the stop 471 in a direction
corresponding to an increase of fuel supply.
When the slot 49 is disposed diagonally as a re-
sult of a temperature of loading air which is
higher than —30° C,, the cranked lever 50 is dis-
placed in a direction practically paralie] thereto.

When the operating levers T and 10 are ad-
justed to the full load position C, the collar 6,
under pressure of the spring 12, is enabled to
move further towards the left towards the lower
end of the lever T as the stop 47 moves further
towards the left, dependently upon a ‘higher load-
ing pressure, a low temperature of the air load,
and a low exhaust resistance.

The throttle valve 26, which is housed in the
induction pipe 22, is designed to aid the throttle
valve 21 in governing the loading pressure. If
the amount of air supplied by the supercharger
25 is reduced with increasing altitude, so that
the necessary loading pressure is no longer ob-
tained, s diaphragm box 65 which responds to the
loading pressure opens the throttle valve 21 by
means of a two-armed lever Tl in order to in-
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crease, in known manner, the amount of air de-
rived from the supercharger. : :

The lower arm of the two-armed lever Tl is
located in the proximity of a hook 68 attached
to the rod 8. When the operating levers T and
10 are brought into the starting position D, the
upper arm of lever 11 is carried towards the left
by the hook 68 and the throttle valve is opened
against the pressure of the closing spring 69, in
order to facilitate as far as possible the supply of
air to the cylinders in starting. In this case the
upper arm of the two-armed lever 11 is raised
from the diaphragm box 65. 'The other throttle
valve 27 which was already fully opened in the
full load position C, allows the rod 8 to move into
the starting position, because it is not fixedly
connected to the operating lever 29 but is con-
nected thereto by means of a spring 70. In the
starting position, the valve 18 with the groove (1
has a position somewhat different from that
which it occupies at full load, but the effect of
which is similar.

When starting the internal combustion engine
it is desirable for the injection pump to be ad-
justable so as to give a particularly large fuel
supply. This is effected in spite of the stop 471
and the lower end of the lever 1, both of which
lie in the path of the collar or complementary
stop 6 of the governor rod 2, in that, when the
collar 6 abuts against the lever T or against the
stop 417, the governor rod 2 can be adjusted so as
to give an excess of fuel, against action of the
springs 16 and 4, by means of a knob 12 con-
nected by a cable 13 to the parts 14, 15.

In Fig. 2 an injection pump 89 driven by an
internal combustion engine which is not shown
has a governor rod 81, which is connected by
means of an expansion spring 82 to g sleeve 83.
The spring 82 is more strongly initially tensioned
than a spring 84 which is attached to the op-
posite end of the governor rod 81, and its length
generally remains unaltered when the spring 84
forces a collar 90 arranged on the sleeve 83 to
follow a movable stop 85, which is adjusted in a
manner explained hereinafter.

A movement of the governor rod 81 in a di-
rection towards the right results in reduction of
the amount of fuel delivered by the injection
pump, whilst displacement of the governor rod in
the opoosite direction causes an increase of the
fuel supply. The spring 82 merely serves to al-
low the governor rod 81 to be drawn towards the
left by means of a knob 86 acting through a cable
81, a lever 88 and a hook 89, in the event of it
being necessary to adjust the injection pump to
give a particularly large fuel supply for the pur-
pose of starting the engine independently of the
position of the stop 85.

84 is the induction pipe through which com-
bustion air passes from the supercharger 92, past
two throttle valves 93 and 94, to the engine.
Within the induction pipe 81 is a Venturi valve
102, into the narrowest part of which opens a
duct 95 which leads to a governor chamber 96.
The governor chamber is sealed on the right hand
side by means of a displaceahble piston 97, which
is connected by means of a rod 98 to a two-armed
lever 100 which is pivoted at 99. On the right
hand side of the piston 97 .is a second governor
chamber (01 in which atmospheric pressure pre-
vails, or in the case of engines having a waste
gas turbine, the pressure existing at the inlet side
of the waste gas turbine. Within the chamber
86 is a spring 103, whilst the chamber 181 houses
a spring 104. The lower arm of the lever {00
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is provided with a pin 165 on which is pivoted a
cranked lever 106. The lower arm of the cranked
lever 106 is provided with a stop 85, whilst. its
other arm slides within a slot 108 formed in a
lever {10 which is pivoted at 109. To the lever
110 is attached one end of a connecting rod 111,
the other end of which is attached to a two-armed
lever #12, which in turn is connected’to a ther-
mostat 113 which responds to the temperature
of the air in the induction pipe 91.

To a spindle (18 of the throttle valve 93 is
fixed a lever {15 which, in the position shown
in the drawing, abuts under the pressure of a
spring 116 against a rod 118 leading to a dia-
phragm box (1. So long as, for example, in the
case of aircraft flying at a moderate altitude,
sufficient air is supplied by the supercharger 92
to produce the desired loading pressure behind

‘the throttle valve 83 in the direction of the air

stream, the pressure in a chamber {19 housing the
diaphragm box (17 remains sufficiently high to
prevent the throttle valve 93 from changing its
position. At a predetermined altitude, where the
supercharger can no longer produce the desired
pressure behind the throttle valve 83, on ac-
count of the thinner atmosphere, the diaphragm
box 117 expands and opens the throttle 93.

The upper end of the arm (15 lies in the path
of a stop 121 attached to a connecting rod (20.
The connecting rod 120 is pivotally connected to
an operating lever 122 which can be adjusted to
the positions A, B, C, D and to intermediate posi-
tions. In the position D which is the starting po-
sition for the vehicle, the lever 115 is moved to-
wards the left by the stop {21 until the throttle
valve 93 is operated independently of the dia-
phragm box 117.

A second projection 123 on the connecting rod
120 is subjected to the force of a spring 124 and
abuts against a lever 126 which is pivotally
mounted on a spindle 127 of the other throttle
valve 94, and which when displaced towards the -
left turns the throttle valve 94 by means of a
projection 128 out of the closed position shown

? in the drawing. When the operating lever 122

stands in the stop position A, represented in full
lines in the drawing, the governor rod is adjusted
by a cable 129, which is attached to the collar
90 and to the operating lever 122 into the stop
or no supply position. When the operating lever
122 is adjusted to the idling position B, the spring
84 is able to draw the collar 90 and the governor
rod 81 towards the left by an amount dependent
upon the adjustment of the stop 85. The manner
in which the stop 8% is adjusted will now be
explained.

The movement of the operating lever 122 from
position A into position B (the idling position)
is sufficient to allow the stop 128 to come into
contact with the throttle valve 94 without dis-
placing it, so that the throttle valve 94 remains
in the closed position as shown in the drawing.
When the engine is idling, a vacuum or negative
pressure is formed in the induction pipe between
the tlirottle valve 94 and the engine, which vac-
uum, when a predetermined maximum idling
speed is attained, is sufficient to draw the piston
91 towards the left against the force of the spring
103. As a result, the lever 100 is turned in an
anti-clockwise direction, whilst the pin 107 is dis-
placed in the slot 108 and the stop 8% is adjusted
in the stop direction, so that the spring 84 can
allow only a small idling fuel supply.

When the operating lever 122 is adjusted to
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the full load position C, the projection 123 draws
the lever 126 towards the left by means of the
spring 124, while the projection 128 opens the
throttle valve 94. The engine and the super-
charger are now running more quickly. Conse-
quently a super-atmospheric pressure arises in
the Induction pipe and is transmitted to the
chamber 96, where it forces the piston 87 towards
the right, so that the piston is withdrawn from
the spring 103 which operates under idling con-
ditions. The adjustment towards the right is di-
rectly proportionate to the loading pressure and
is inversely proportionate to the opposed exhaust
resistance prevailing in the other chamber 101,
The difference between the loading pressure and
the exhaust resistance, which determines the
loading of the cylinder with combustion air, ad-
Jjusts in this case the piston 97 and consequently
also the pin (07 in the slot 108, and also the
stop 85. The adjustment is dependent upon the
volume of air supplied to the cylinders. If the
difference of pressure is great and a large vol-
ume of air is supplied to the cylinders, the pin
07 is displaced further towards the left in the
slot 108, and consequently the stop 85 is ad-
Jjusted so as to give a greater fuel supply than
is the case for small volumes of air.

This adjustment of the stop 85 dependent upon
the volume of combustion air is co-ordinated
with its adjustment dependently upon the tem-
perature of the combustion air, in such a manner
that the combined adjustment of the stop 85
and the variation of the fuel supply is always pro-
portional to the variation of weight of air sup-
plied to the eylinders. This is achieved in the
following manner: .

At the lowest temperature allowed for, for ex-
ample —30°, the slot 108 has the position shown
in the drawing, and when the temperature of the
loading air rises, the slot is raised by the thermo-
stat 113, acting through the rods I12 and 1f.
At 4-40° the slot 108 might lie in the position
108a shown in dotted lines in the drawing. When
a high degree of vacuum arises in the induction
pipe 81, on the maximum engine speed being at-
tained, for example, on the over-run at high
altitudes, the pin 107 is displaced towards the
right within the slot 108 until its axis is concen-
tric with the axis of the pin 109, In this case
the stop 85 is drawn towards the right, against
the force of the spring 84, until the injection
pump is set at the no supply position. The po-

sition of the stop 85 is the same in this case’

whether the temperature is high or low, because
when the axes of the two pins are concentric
the diagonal position of the slot 108 has no effect
on the stop 85. -

When the engine is idling on the other hand
and a low degree of vacuum prevails within the
chamber 96, in contrast to the high degree of vac-
uum prevailing at the maximum engine speed
when the pin 105 has reached a position 105a,
the pin 107 stands, at —30° C., in the position
187a, and at 440° in the position 1075, whilst
under the same conditions, the stop 85 occupies
the positions 85a and 85b. It will be seen then
that within the idling range of the engine, when
the air supply is reduced as a result of a fall of
bressure in the induction pipe, the stop 85 occu-
pies slightly different positions at different tem-
peratures.

When the operating lever 122 is adjusted to the
full Joad position and the throttle valve 94 is at
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loading pressure prevails in the induction pipe 91,
the pin 105, occupies the position 1060, and with
it the cranked lever 106 is moved towards the
left, until the pin almost reaches the left hand
end of the slot 108. At the minimum temper-
ature —30°, the pin 107 has the position 101c,
whilst at 440° it reaches the position 101d. At
—30° the stop 85 stands in the position 85¢
whilst at +40° it occupies the position 85d, the
position 85c being very different from the position
85d. At full load, when the air supply, being at
high pressure, is comparatively great, with the
result that variations of temperature in the large
amount of air being supplied to the engine have
considerable influence upon the weight of air en-
tering the cylinders, the temperature change
from —30° to 440° has s correspondingly great
effect on the adjustment of the stop 85 and on
the alteration of the amount of fuel injected
which, within the full load range must always be
proportional to the air supply. At partial load
and within the idling range on the other hand,
the temperature influence is comparatively slight.

Provided that, as in the present case, under
all variations of the air supply arising in the
induction pipe 91 dependently upon loading pres- -
sure, exhaust resistance and temperature (which
factors govern the weight of air supplied to the
cylinders), it is possible to keep the fuel supply
always proportional to the air supply, then at
the full load position it is possible to maintain the
highest efficiency of the engine in combination
with a good smokeless combustion, at all engine
speeds.

It is also possible of course by a curved design
of the slide 108 to vary the relation between the
fuel supply and air supply, for example, at par-
tial load, and within the idling range, so that at a
reduced load, the engine can operate with a larger
quantity of superfluous air, :

The pressure conditions in the two chambers
96 and 10! can be varied, for example, by alter-
ing the diameter of the rod 88 or by supplying a

. diaphragm box which responds to pressure varia-
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the fully open position, whilst the maximum %5

tions and which varies the adjustment of the pis-
ton 97 dependently upon changes of exhaust re-
sistance. Moreover the piston 97 might be re-
placed by a diaphragm. :

We declare that what we claim is:

1. In a fuel injection apparatus for a super-
charged internal combustion engine the combina-
tion comprising an injection pump; a fuel deliv-
ery control member associated with said pump;
resilient means urging said control member in a
direction to increase the amount of fuel in-
jected; a stop for limiting movement of said
member in the direction corresponding to an in-
crease of the amount of injected fuel; and gov-
erning means, including a plurality of members
respectively movable in response to changes of
atmospheric pressure and of bressure and tem-
perature of the charging air, and variable cou~
pling means connecting said members to said
stop to displace the stop in said direction in ac-
cordance with a decrease of atmospheric pres- -
sure, and in accordance with an increase of the
bressure of the charging air and decrease of .the
temperature of said charging air whereby equal
changes of bressure of said charging air cause dis-
placements of the stop which increase with de-
crease of the temperature of said charging air.

2.'In a fuel injection apparatus for a super-
charged internal combustion engine the com-
bination comprising an injection ‘pump; a fuel
delivery control member associated ‘with. said.
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pump; a stop for limiting movement of said
member in the direction corresponding to an in-
crease of the amount of injected fuel; a com-
plementary stop carried by said control mem-
ber, resilient means urging said control member
in a direction to increase the amount of fuel in-
jected and urging said complementary stop into
contact with said first-mentioned stop; and gov-
erning means, including a plurality of members
respectively movable in response to changes of
atmospheric pressure and of pressure and tem-
perature of the charging air, and variable cou-
pling means connecting said memberstosaid first-
mentioned stop to displace said first-mentioned
stop in said direction in accordance with a de-
crease of atmospheric pressure and in accordance
with an increase of the pressure of the charging
air and decrease of the temperature of said
charging air whereby equal changes of pressure
of said charging air cause displacements of said
first-mentioned stop which increase with de-
crease of the temperature of said charging air.
3. In g fuel injection apparatus for a super-
charged internal combustion engine the com-
bination comprising an injection pump; a fuel
delivery control member associated with said
pump; a stop for limiting movement of said
member in the direction corresponding to an in-
crease of the amount of injected fuel; a com-
plementary stop carried by said confrol mem-
ber, resilient means urging said control member
in a direction to increase the amount of fuel in-
jected and urging said complementary stop into
contact with said first-mentioned stop; means
for moving the said member in a direction away
from the first-mentioned stop against the pres-
sure of the resilient means, for the purpose of
reducing the amount of fuel injected; and gov-
erning means, including a plurality of members
respectively movable in response to changes of
atmospheric pressure and of pressure and tem-
perature of the charging air, and variable cou-
pling means connecting said members to said
first-mentioned stop to displace said first-men-
tioned stop in said direction in accordance with
a decrease of atmospheric pressure and in ac-
cordance with an increase of the pressure of the
charging air and decrease of the temperature of
said charging air whereby equal changes of pres-
sure of said charging air cause displacements
of said first-mentioned stop which increase with
decrease of the temperature of said charging air.
4. In a fuel injection apparatus for a super-
charged internal combustion engine the combi-
nation comprising an injection pump; a fuel de-
livery control member associated with said
pump; a stop for limiting movement of said
member in the direction corresponding to an in-
crease of the amount of injected fuel; a com-
plementary stop carried by said control mem-
ber, resilient means urging said control member
in a direction to increase the amount of fuel in-
jected and urging said complementary stop into
contact with said first-mentioned stop; an op-
erating lever for moving the said member in a
direction away from the first-mentioned stop
against the pressure of the spring means, for the
purpose of reducing the amount of fuel injected;
and governing means, including a plurality of
members respectively movable in response to
changes of atmospheric pressure and of pressure
and temperature of the charging air, and vari-
able coupling means connecting said members
to said first-mentioned stop to displace said first-
mentioned stop in said direction in accordance
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with a decrease of atmospheric pressure and in
accordance with an increase of the pressure of
the charging air and decrease of the tempera-
ture of said charging air whereby equal changes
of pressure of said charging air cause displace-
ments of said first-mentioned stop which in-
crease with decrease of the temperature of said
charging air.

5. In an internal combustion engine the com-
bination comprising an induction pipe; a super-
charger feeding into said pipe; an injection
pump; a fuel delivery control member associated
with said pump; a stop for limiting movement
of said member in the direction of increased in-
jection; governing means, including a plurality
of members respectively movable in response to
changes of atmospheric pressure and of pressure
and temperature obtaining in the induction pipe,
and variable coupling means connecting said
members to said stop to displace the stop in the
direction of increased injection in accordance
with a decrease of atmospheric pressure and in
accordance with an increase of the pressure ob-
taining in the induction pipe and decrease of the
temperature therein whereby equal changes of
pressure in the said induction pipe cause dis-
placements of the stop which increase progres-
sively with reduction of the temperature in the
induction pipe; a resilient means for urging
said control member in the direction of in-
creased injection; a complementary stop resili-
ently connected with said fuel delivery control
member; an operating lever engaging with said
complementary stop independently of the first-
mentioned stop for displacing said control mem-
ber against the pressure of said resilient means;
a pneumatic governor including a chamber
adapted fo communicate with said induction
pipe and a movable member which displaces said
fuel delivery control member in the direction of
decreased injection due to a reduction of the
pressure obtaining within said chamber; a valve
actuated by the aforesaid operating lever which,
when said lever is in the idling position, puts
said chamber in communication with the induc-
tion pipe, said communication being inter-
rupted when the lever is in a position corre-
sponding to a higher load, whereby, in the higher
load range, variations of pressure in the induc-
tion pipe cannot affect the fuel delivery control
member directly through said pneumatic gover-
nor, but only by way of said first-mentioned stop
and associated governing means aforesaid; an
auxiliary throttle valve, housed in said induvc-
tion pipe, and adapted when the said lever is in
the idling position to reduce the supply of air to
said engine in such a manner that the pressure
in the induction pipe is then maintained at or
below atmospheric pressure; and meaus associ-
ated with the operating lever for opening said
auxiliary throttle valve when the operating lever
is moved to the position it occupies when start-
ing the engine.

6. An apparatus according to claim 4 in which
said operating lever, independently of the first
mentioned stop, abuts against the complemen-
tary stop, which is resiliently connected with the
fuel delivery control member so that said mem-
ber can be adjusted to give an excess of fuel
independently of the position of the first-men-
tioned stop or the complementary stop.

7. An apparatus according to claim 4 includ-
ing a throttle valve housed in said induction pipe
and operable by said operating lever, which valve
is adapted when said lever is in the idling posi-
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tion, to reduce the air supplied to the engine in
such a manner that the production of a pres-
sure exceeding atmospheric pressure by means
of the supercharger in that part of the induc-
tion pipe lying between said valve and the engine
cylinders is prevented.

8. In an internal combustion engine the com-
bination comprising an induction pipe; a super-
charger feeding into said pipe; an injection
pump; a fuel delivery control member associated
with said pump; a stop for limiting movement
of said member in the direction of increased in-
jection; governing means, including a plurality
of members respeciively movable in response to
changes of atmospheric pressure and of pressure
and temperature obtaining in the induction pipe,
and variable coupling means connecting said
members to said stop to displace the stop in the
direction of increased injection in accordance
with a decrease of atmospheric pressure and in
accordance with an increase of the pressure ob-
taining in the induction pipe and decrease of the
temperature therein whereby equal changes of
pressure in the said induction pipe cause dis-
placements of the stop which increase progres-
sively with reduction of the temperature in the
induction pipe; a resilient means for urging said
control member in the direction of increased
injection; an operating lever adapted for dis-
placing said control member against the pressure
of said resilient means; a pneumatic governor in-
cluding a chamber adapted to communicate with
said induction pipe and a movable member which
displaces said fuel delivery control member in
the direction of decreased injection due to a re-
duction of the pressure obtaining within said
chamber; and a valve actuated by the aforesaid
operating lever which, when said lever is in the
idling position, puts said chamber in communica-
tion with the induction pipe, said communication
being interrupted when the lever is in a position
corresponding to a higher load, whereby, in the
higher load range, variations of pressure in the
induction pipe cannot affect the fuel delivery
control member directly through said pneu-
matic governor, but only by way of the stop and
associated governing means aforesaid.

9. In a fuel injection apparatus for a super-

- charged internal combustion engine the combina-~
tion comprising an injection pump; a fuel de-
livery control member associated with said pump;
a stop for limiting movement of said member in
the direction corresponding to an increase of
the amount of injected fuel; and a governing
means, including a plurality of members respec-

tively movable in a response to changes of atmos-

pheric pressure and of pressure and temperature
of the charging air, angd variable coupling means,
including a lever, connecting said members to said
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stop to displace the stop in said direction of in-
creased injection amount in accordance with a
decrease of atmospheric pressure and an increase
in the pressure of the charging air and a de-
crease in the temperature of said charging air,
the member influenced by changes of pressure
of the charging air being arranged to cause dis-
placement of the stop by means of said lever
whose effective leverage is so varied in response
to movements of the member influenced by
changes of temperature of said charging air that
a given change of pressure of said charging air
produces displacements of the stop which in-
crease progressively throughout the pressure

range with decrease of ftemperature of said

charging air.

10. In a fuel injection apparatus for super-
charged internal combustion engines of the self-
ignition type in which the fuel is solidly injected
and ignition is effected by the high compression
of the air charge in the engine cylinders, the com-
bination comprising a fuel injection pump; a
fuel delivery control means associated with said
pump; resilient means urging said control mem-
ber in a direction to increase the amount of fuel
injected; a stop for limiting the movement of
said means in the direction corresponding to an
increase of the amount of injected fuel; and
governing means, including a plurality of mem-
bers, one of which is movable in response to
changes of the pressure of the atmosphere into
which the engine cylinders exhaust, said mem-
ber being connected to and acting on said stop
in such a direction that with decreasing pressure
of said atmosphere the stop is adjusted in posi-
tions corresponding to increasing delivery
amount, a second of said members being movable
in response to changes of pressure of the charg-
ing air and connected with said stop in such a
manner that with increasing pressure of the
charging air the stop is adjusted in positions cor-
responding to increasing delivery amounts, and a
third of said members being movable in response
to changes of the temperature of the charging
air, disposed between the second member and the
stop, and variable coupling means connecting
said members and said stop whereby equal
changes of pressure of said charging air cause
displacements of the stop which increase with
decrease of the temperature of said charging air,
thus automatically adjusting the stop in positions
corresponding to the maximum fuel amounts

which at the different temperatures and pres-

sures of the charging air and the different pres-

sures of said atmosphere can be burned in the

engine cylinders without producing smoke.
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