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2 Claims.

‘This invention relates generally to infernal
combustion engines.
It is known that in internal combustion en-
gines the power is determined by the speed of
5 revolution and by the guantity of fuel that can
be buirned in the cylinder during a power stroke.
The quantity of fuel that can be burned at any
one time in the cylinder is, however, limited by
the quantity of air or the quantity of oxygen
0 present in the cylinder. With engines operating
with variable speeds of revolution, for instance
vehicle engines, the quantity of air filling the
cylinder is less at higher speeds of revolution
15 tion. :

In the case of explosion engines the quantity of
fuel introduced into the cylinder is proportional
to the quantity of air admitted to the cylinder,
as in such engines a mixture of air and fuel is
20 introduced or drawn by suction into the cylin-

der. Hence at lesser speeds of revolution, an

increase in the quantity of air means a greater

increase in the quantity of fuel entering the cyl-

inder at each suction stroke or working cycle
25 than at higher speeds. :

In the case of injection engines, such for in-
stance as Diesel engines, the fuel to be introduced
in one stroke is delivered by the fuel pump in-
dependently of thé quantity of air passing into
30 ‘Recylinder. In vehicle engines of this kind the
regulation of the fuel delivery is mostly effected
by hand. The greatest quantity of fuel which
can be adjusted for by this hand regulation is
however in the case of all Diesel engines limited
by a stop or the like. In vehicle engines operat-
ing on the Diesel principle with fuel injection this
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stop and consequently also the quantity of fuel

entering the cylinder at any one time is so ad-

46 Jjusted that at the maximum speed of revolution,

at which the cylinder takes in the minimum

guantity of air, smokeless combustion will still be
obtained.

In all hitherto known Diesel engines, the

45 generic term “Diesel engine” comprises all those

internal combustion engines, in which the fuel

is introduced into the combustion air which is

highly heated by compression. The maximum -

quantity of fuel which can be introduced in one
50 stroke remains unchanged at all speeds of revo-
lution and consequently the maximum torque
also remains unchanged at all speeds of revelu-
tion. In the case of mixture engines, however,
the maximum quantity of fuel used up in one
56 stroke is not constant but changes proportionate~

than at lower speeds at a given throttle posi-

(CL 123—140)

ly to the quantity of air drawnr in by suction with
g fixed throttle position.

The fact that in a Diesel engine the maximum
torque is invariable has great disadvantages
when such injection engines are used as vehicle 5
engines.  Such engines lack the elasticity which
is characteristic of the mixture engines. In
measuring the elasticity of an engine the product
of two factors is controlling. The first factor is
determined by the amount of change, which the 10
maximum torque shows when the speed of revo-
lution changes; and the second factor is deter-
mined by the ratio between the greatest and the
smallest speed of revolution at which the engine
can still be operated properly. Measured in this 15
way, however, the elasticity of Diesel engines is
equal to zero, because the first factor is equal to
ZET0.

The present invention is based on the fact that
even with injection engines, such as Diesel en- g
gines, an elasticity can be obtained which is equal
to that obtainable with mixture engines, if the
two factors which determine the elasticity, when
changing the speed of revolution, are changed in
the same manner as in mixture engines. Thus, o
a change of the torque in injection engines, which
corresponds to the change of the torque when’
changing the speed of revolution, can be obtained
by regulating the maximum quantity of fuel in-
troduced per stroke or per cycle into the power 3¢

ot

cylinder at the different speeds of revolution in
* dependence on the quantity of air introduced into

the motor cylinder at the speed of revolution at
any particular time. In su¢ch a manner the
maximum quantity of fuel at smaller speeds of 33
revolution is increased to correspond fo the great-

er quantity of air entering the cylinder during a
cycle and vice versa. In other words, the maxi-
mum quantity of fuel introduced per stroke into
the cylinder is varied each time in accordance 40
with the change of the volumetric efficlency, that

is, in each case in accordance with the change

in the guantity of air drawn in, as for instance -
by a suction stroke.

Such & method, which is based substantially 43
on a regulation of the maximum power of the
engine at smaller speeds of revolution, also en-
ables (this forming a further feature of the in-
vention) the second of the factors mentioned
above to be correspondingly enlarged in consider- 5¢
ably reducing the smaller speed of revolution at
which the engine can still be operated. The re-
sult is that as a vehicle engine the Diesel engine
is at least equivalent to the mixture engine as to
its elasticity. The minimum speed of revolution $
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of & motor is limited in that it must in any case
be so great that the live force stored in the fiy-

wheel can overcome the work of compression

without' the motor experiencing a drop in the
speed of revolution of the engine, which would
detrimentally affect the proper running of the
engine. Now as the work of compression de-
pends on the final compression pressure, this
final pressure is determined in the case of Diesel
engines by the requirement of the self-ignition
of the introduced fuel, and, therefore, amounts
to a multiple of the final compression pressure of
the mixture motors. The fly-wheel must also
be made several times larger and heavier than
that of mixture motors, if the smallest speed of
revolution, at which the engine can still be oper-
ated, is to be the same. With the known Diesel

~ engines for vehicles, a separate centrifugal gov-
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ernor is mostly provided, which prevents a drop
below the speed of revolution determined by the
mass of the fly-wheel and the work of compres-
sion.

An object of the present invention is to reduce
this minimum speed of revolution, at which the
engine can still operate properly. The invention
makes use of the fact that by diminishing the
quantity of air entering the cylinder (for instance
by throttling) the work of compression in the
eylinder can be reduced without the final tem-
perature of the compression being lowered, so
that such a diminution of the quantity of air is
also a means for reducing the speed of revolution
at which the engine can still operate properly.
The compression temperature is dependent both
on the initial temperature (temperatire before
the compression) and on the degree of compres-
sion. Now, as is known, a throttling in no way
influences the initial temperature. The initial
temperature of the compression thus remains the
same and, as the degree of compression (that is
to say, the ratio of the stroke volume to the

‘volume of the compression space) remains the

same, the compression temperature correspond-
ing to normal operation is also reached at the
compression pressure reduced by throttling.
Hence according to the invention at loads or at
powers lying below the maximum powers the
quantity of air also is reduced in accordance with
the quantity of fuel reduced  in accordance with
the smaller power, with the result that the final
pressure of the compression can be reduced to
nearly the final pressure of the mixture motors
and thereby also the speed of revolution, at which

‘the engine can still operate properly can be re-

duced in the same ratio.
* Thus, according to the invention the elasticity
of Diesel engines is raised on the one hand by In-

- creasing the maximum power at smaller speeds

of revolution, this being effected by increasing the
maximum fuel supply at smaller speeds of revolu-
tion in dependence on the excess of air at the
smaller speeds of revolution and on the other
hand by reducing the minimum speed of revolu-
tion at which the engine can still operate, in re-
ducing, at the smaller powers which are obtained

by reducing the quantity of fuel, the quantity of

air along with the quantity of fuel.
In the drawings, Fig. 1 is a view of a device

-showing the improvements in accordance with

the invention for raising the maximum torque
and reducing the minimum speed of revolution.

‘Fig. 2 is a view partly in section and partly in

-diagram of a device embodying another form of

‘improvements for raising the maximum torque.

" Fig. 3 is a view partly in section and partly in
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elevation and in diagram of a device embodying

another form of improvements for raising the -

maximum torque and. reducing the minimum
speed of revolution,

According to Plg. 1 a centrifugal governor is
used for regulating the quantity of fuel for in-
creasing the maximum power at smaller speeds
of revolution. Member J is a lever which can
be swung downwards by hand or by pedal and
which is arranged to pivot about the fixed shaft

5

10

K and is connected by means of a rod Q to the.

member for regulating the fuel pump indicated
generally at P’. A suitable means for raising and
lowering the rod B, such as the cam or eccentric
is shown. The lever J, which is & bell crank, is
influenced by the spring R which draws the lever
upwards, the arrangement being such that, when
the lever under the action of the spring R bears
against the stop F, the fuel pump delivers the
minimum quantity of fuel. The maximum quan-
tity delivered by the fuel pump is limited by
the contact surface T of a wedge O, against which
the stop P of the lever J strikes. The wedge O is
guided in a guidé S, but so as fo be capable of
moving freely upwards and downwards.

In Fig. 1 the wedge is shown approximately in
its middle position. The position of the wedge O
is determined by the centrifugal governor L, to

‘which it is connected by the lever N.

As the speed of revolution increases the sleeve
M of the governor moves upwards and the wedge
O downwards, the maximum quantity of fuel thus
being reduced. With the motion in the opposite
direction the meaximum quantity of fuel which
can be delivered by the pump is increased. The
back T of the wedge is so shaped that the regu-
lation of the maximum quantity of fuel corre-
sponds to the quantity of air drawn by suction in
each case at this position of the regulator or at
this speed of revolution. This quantity of air can
be deteimined for each speed of revolution by a
single test for each type of engine, for instance
by measuring the final pressure of the suctmn or
the compression.

In the constructional example of the invention
shown in Fig. 2, the regulation is effected by the
vacuum created in the suction pipe. At greater
speeds of revolution the air flows through the
suction pipe at greater velocity and therefore pro-
duces a greater vacuum in the same. By trans-
mitting this vacuum to the member for limiting
the maximum quantity of fuel an automatic regi-
lation of the limiting is obtained.

In Fig. 2 J is the lever which is acted on by a
tension spring R and according to its position
regulates the output of the fuel pump P’. The
wedge O is in this case connected to the piston Z
which is capable of moving freely upwards and
downwards in the cylinder Y. The piston Z is

- forced downwards by the spring X. The cylinder

Y is connected through the pipe W with the suc-

the cylinder as possible. As the speed of revolu-
tion of the engine increases the vacuum at V be-
comes greater. By this means the piston Z is
moved upwards in opposition to the spring X
and the limiting of the lever motion and with
it the maxiraum fuel pump wtput is altered.

This mode of reguldtion is particularly suitable
in cases in which, when regulating the maximum
power of the Diesel engine for the different speeds

of revolution, at the same time at smaller powers.

the gquantity of air is also varied in accordance
with the gquantity of fuel introduced in each case.
For enabling both regulations to be effected
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simultaneously, the arrangement may be made
such, when a centrifugal governor in accordance

‘with Fig. 1 is employed, that the member which

serves the purpose of displacing the throttle for
the purpose of reducing the power displaces the
limiting of the stop for the lever J, for instance,
through the fulcrum K of this lever being moved
upwards when throttling, as is indicated in Fig.
1 by broken lines, the quantity of air thus being
regulated with the quantity of fuel. The throttle
D is moved by means of the lever A which is con-
nected by the rod B to the fulcrum XK, which lat-
ter can move freely upwards and downwards in

~a guide (not shown).
15

In the constructional example shown in Fig. 2,
the connection of the pipe W must lie at a point
V of the suction pipe, lying behind,the throttle D
which is shown in broken lines.

In the constructional example shown in Fig. 3,
a governor is used which acts on the air throttling
member and the fuel pump. In this arrange-
ment it is also sought to reduce the compressing
work required for starting the engine, without
however thereby diminishing the compression
temperature. Use is made, in this case, of the
above mentioned fact that the compression tem-
perature is dependent on the one hand on the
initial temperature (temperature before coms-
pression) and on the other hand on the degree of
compression, whereby the compression tempera-

" ture corresponding to normal operation can be
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reached even at the compression pressures re-
duced by throttling. In the example shown in
ig. 3, by means of a starting regulator, which
acts on the air throttling member and the fuel
pump, the quantity of air drawn in by suction is
first reduced during the starting period to such
an extent that it is only slightly greater than
the quantity of air corresponding fo the quantity
of fuel required for maintaining the idle running
of the engine. At the same time, the fuel pump
is adjusted so as to deliver a slightly greater
quantity of fuel than the quantity of fuel re-
quired for idle running, the arrangement being
such that, corresponding to the increasing ac-
celeration of the engine, the regulating member
constantly reduces the throttling of the suction
air and alters the delivery of the fuel pump in
the manner required for reaching the full speed
of revolution of the engine. In the example
shown in the drawings such a regulator serves in
place of the regulator L shown in Fig. 1 and also
serves the further purpose of regulating the
maximum power at different speeds of revolution.

The governor { is connected by the lever 2,

which is pivoted at the point 18, and the bar 3
to a regulating body 4 for the quantity of fuel,
this regulating body acting through a profile §
which is determined by experiment. The regu-
lating body 4 is connected -on the one hand by

" a bar § with a lever T and’an the other hand by
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a bar 13 and a lever 10 with the throttle fi dis-
posed in the suction pipe 12. The arrangement is
made such that the connection with the throttle
{1 is established by means of a lever 10 to which
the bar i3 is coupled by means of a head (4 in
a yielding mahner through the intermediary of
a spring 15. A bar 8 which is adapted to move
upwards and downwards freely in a guide and
which is provided with a ‘head 9 establishes the
connection between the lever 7 and the throttle

3

lever I8 in certain positions of the bell crank
lever 1.

The profile 5 coacts w1th a roller {7 mounted
on a bar 8§, the bar 18.being connected in. a
manner not shown in the figure with the member
regulating the output of the fuel pump.

.This arrangement operates as follows: .

When the engine is stationary the governor is
in the position marked I. At the speed of revolu-
tion, at which the throttling action which is
effective at starting ceases, that is, when the
throttle is in its entirely open position (shown
in the drawing by heavy lines), the governor is
in the position marked II. (In this position all
parts are shown in the drawing in heavy lines.)
During the change of position from I to II the
throttle valve is displaced from its closed posi-
tion I, which corresponds to the smallest speed
of revolution, by the bar {3 or the spring {5 into
the entirely open position II.

For the better understanding of the invention
let it be assumed that the engine is running at
1000 revolutions per minute. The position II is
assumed as occuring for instance at 300 revolu-
tions, that is, at that speed of revolution at which
the fly-wheel already overcomes the entire com-
pression work.

The position III of the governor corresponds
to the maximum speed of revolution 1000.

While the governor is swinging from the posi-
tion II into the position III only the regulating
body 4 for the quantity of fuel is displaced and

by means of the profile 5 the maximum quantity

of fuel for the particular speed of revolution is
correspondingly regulated.

The position II of the throttle valve coincides
with the position III, when the lever {0 resting on
the head 9 cannot be further displaced by the
spring 5.

On the speed of revolutlon of the engine tend-
ing to increase because the load becomes smaller,
the governor will swing from the position III
towards the position IV and the fuel regulating
body 4 will diminish the quantity of fuel, while
the lever 1 displaces the bar 8 upwards and closes
the throttle valve.

I claim:

1. A fuel regulating apparatus comprising a
governor, a fuel pump, an air supply pipe with
a throttle therein, a bar operatively connected to
the governor, a. movable member connected to
the bar having a profile surface thereon, said
profile surface being formed to vary the adjust-
ment of the fuel pump, means connecting said
surface to said pump and means of connection
between said profile member and the throttle,
said latter means consisting of a bar connected
to the profile member, a bell crank lever con-
nected to said bar, a second bar connected to
said profile member, a lever connected to said
second bar, said latter lever being operatively
connected to the throttle and a floating bar
interposed between said bell crank lever and said
latter lever for actuating the same whereby the
position of said throttle is sxmultaneously ad-
justed by said profile member. -

2. A fuel regulating apparatus as claimed in
claim 1 characterized by means for guiding the
movement of the floating bar.
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