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[57] ABSTRACT

A fuel system of an:internal combustion engine com-
prising a high-pressure pump with a governing element
in the form of a rack, and a discharge valve. Said hlgh~
pressure pump is connected with a closed-type fuel in-
jector by a high-pressure pipe. For maintaining a high
initial pressure-in said pipe, it communicates with an
accumulator by a pipe via a fuel distributor in the
form of a groove and inlet and outlet holes. Pressure
in the accumulator is built up by an auxiliary pump.
The required high pressure in the accumulator is
maintained by a controllable reducing valve communi-
cating with said accumulator.

4 Claims, 2 Drawing Figures
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FUEL SYSTEM OF INTERNAL COMBUSTION
ENGINE

The present invention relates to'internal combustion
engines and more specifically it relates to the fuel sys-
tems of internal combustion engines.

The present invention can be utilized most success-
fully in Diesel engines with operi combustion chambers,
particularly’in the Diesel engines running continuously
under partial loads and unsteady-state conditions, i.e.,
mainly in the transport engines.

The overwhelming majority of the existing fuel sys-
tems of internal combustion engines consists of a high-
pressure fuel pump, for example of a plunger type,
driven by a cam and provided with a discharge valve
with a suction collar. Besides, this system comprises a
closed-type fuel injector connected to the high-
pressure fuel pump by a high-pressure pipe.

The suction collar of the discharge valve relieves
pressure in the high-pressure pipe after .injection. A
certain residual pressure in the high-pressure pipe
serves at the same time as initial pressure for the subse-
quent cycle of fuel injection. This initial pressure deter-
mines to a considerable extent the fuel supply charac-
teristic and the performance of the engine proper.

However, such a fuel system fails to ensure sufficient
stability of the residual pressure in the high-pressure
pipe from one cycle to another as well as in the high-
pressure pipes of a multiple-cylmder engine; as a conse-
quence, the fuel supply is unstable which reduces con-
siderably. the engine economy, particular]y at. duties
other than nominal.

The - instability "of residual préssure in the high-
pressure pipe exerts a particularly conspicuous influ-
ence on the functioning of the fuel system at low engine
loads and speeds. This denies the possibility of reducing
the minimum stable engine speed and increases the ir-
regularity of crankshaft rotation which is most objec-
tionable in Diesel-generator sets.

The residual pressure in the high-pressure pipe of this

fuel system is set only for one engine duty, usually the -

nominal one. While the engine is running at various
duties, the residual pressure in the high-pressure pipe
varies within wide limits even to a residual vacuum
which cuts down the engine efficiency and power.
During unsteady-state operation of the engine such a
fuel system is characterized by high residual pressures
accompanied by additional fuel injection into the en-
gine cylinders, which increases the temperature of ex-
haust gases, causes smoking at the exhaust and reduces
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the reliability and durability of the fuel injectors and

the engine as a whole.

The starting of the engine with such a fuel system is
characterized by inefficient injection and distribution
of fuel throughout the combustion chamber which im-
pairs starting and causes a low crankshaft speed and a
low residual pressure of fuel in the high-pressure pipe
at the initial stage of starting.

Changing the residual pressure in the high-pressure
pipe is one of the ways towards stepping up the econ-
omy, efficiency, reliability and durability of the engine.

Known in the art is a fuel system of an internal com-
bustion engine which stabilizes the initial pressure in

the high-pressure pipe within the entire range of engine -

speeds and loads. Such a fuel system comprises a high-

pressure fuel pump with a governing element and a dis-
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charge valve. The high-pressure pump is cormuni-
cated by a high-pressure pipe with a closed-type fuel
injector. In order to maintain a high initial pressire in
the high-pressure pipe, the latter is connected with an
accumulator via-a fuel distributor and a pipe. Pressure
in the accumulator is built up by an auxiliary pump and
is maintained constant by a reducing valve at all engine
duties. The fuel distributor controls the filling of the
high-pressure pipe at predetermined moments of time
before the beginning of each cycle of injection.

A disadvantage of such a fuel system:lies in the im-
possibility of controlling the initial pressure in the high-
pressure pipe on changes in the engine duty.

As has been shown by experiments, maximum econ-
omy of the engine at various speeds and loads will be
reached if the above-mentioned initial pressure
changes simultaneously with the changes in the speed
of the engine crankshaft and in the position of the gov-
emning element of the high-pressure pump. To achieve
a higher engine power both under steady- and un-
steady-state conditions, it is practicable that the initial
pressure in the high-pressure pipe should be increased
above the limit which ensures a high engine economy.

During engine starting such a fuel system fails to cre-
ate an initial pressure in the high-pressure pipe which
would be higher than that ensured for all the engine
duties; it means that this fuel system is not suitable for
increasing greatly the reliability of engine staning

An object of the present mvention is to raise the en-
gine economy.

Another object of the invention is to increase engine
power.

Still another object of the invention is to increase the
reliability and extend the service life of the fuel system
and the engine as'a whole under the conditions of maxi-
mum economy.

One more object of the invention is to improve en-
gine economy and power under unsteady-state operat-
ing conditions.

And still another ob]ect of the invention is to increase
the reliability of engine starting. The last object of the
invention is to reduce the minimum stable speed of the
engine crankshaft.

In accordance with these and other objects we
hereby provide a fuel system of internal combustion en-
gine comprising a high-pressure pump with a governing
element. and a discharge valve, connected with a
closed-pipe fuel injectors by a high-pressure pipe in
which a high initial pressure is maintained by connect-
ing it via a-fuel distributor and a pipe with an accumula-
tor ‘'where a high pressure is built up by an auxiliary
pump wherein, according to the invention, there is. a
controllable reducing valve connected with the accu-
mulator for maintaining in it a-required high pressure.

This fuel system builds up and maintains automati-
cally a high initial pressure in the high-pressure pipe lo-
cated between the discharge valve and the fuel injector.
This raises the economy, reliability and durability of
the engine by increasing the operational stability of the
fuel system, improving the automization of fuel and its
distribution over the combustion chamber of the en-
gine.

It is practicable that the controllable reducing valve
should consist of a body with fuel inlet and outlet chan-
nels, said ‘body accommodating a rotatable bushing
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whose outlet hole is aligned with a fuel outlet channel
in the body, said bushing being provided with a turning
valve element loaded by a fuel pressure at one end and
by a spring at the opposite end and connected by a gear
rim with the rack of the high-pressure fuel pump, said
bushing meshing by means of a gear rim with the rack
of a governor which reacts to the changes in the rota-
tion speed of the engine crankshaft.

The controllable reducing valve of this design con-
trols automatically the initial pressure in the high-
pressure pipe and maintains it either at a level ensuring
a high engine power or at a level providing for a high
engine economy; the initial pressure is controlled in ac-
cordance with two parameters, i.e., engine load and
speed.

At the minimum engine speed this valve builds up
and maintains automatically such an initial pressure
which increases the stability of fuel supply at this speed,
thus ensuring a reduction in the minimum steady en-
gine speed.

Besides, it changes the initial pressure during unsta-

ble operation thereby improving the economy and

power of the engine at this duty.

During engine starting this valve creates an initial
pressure ensuring maximum reliability of starting.

In addition, such a design of the controllable reduc-
ing valve diminishes the pressure control force in the
accumulator and, consequently, the force required for
controlling the initial .pressure in the high-pressure
pipe.

It is recommended that the valve element should be
made in the form of a cylindrical slide valve with a
shaped edge facing the fuel inlet channel in the body.

Such a construction of the cylindrical slide valve in-

creases the accuracy of adjusting pressure in the accu-
mulator and, consequently, the initial pressure in the
high-pressure pipe, and widens the field of application
of the controllable reducing valve in the engines de-
signed for various purposes because changes in the out-
line of the shaped edge of the slide valve bring about
corresponding changes in the control of the initial pres-
sure. -
It is preferable that the fuel inlet channel in the body
of the controllable reducing valve should accommo-
date an immovable bushing entering the rotatable
bushing and forming, together with the latter, a preci-
sion pair.

Owing to this method of sealing the rotatable bushing
is relieved of the axial component of the fuel pressure.
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This improves the accuracy of controlling the initial -

pressure in the high-pressure pipe and reduces the ir-
regularity of governing the crankshaft speed.

The fuel system according to the invention, em-
ployed in a four-stroke six-cylinder supercharged Die-
sel with an open combustion chamber, a nominal speed
of 1,500 rpm, a minimum steady speed of 500 rpm, a
nominal power of 250 hp, a maximum torque of 130
kgm at 1,200 rpm, a specific fuel consumption of 168
g/BHP hr at a nominal speed and 220 g/BHP-hr at a
minimum speed reduces the minimum steady speed of
the engine to 250 rpm, the specific fuel consumption at
the nominal speed to 162 g/BHP hr and at the mini-
mum speed to 207 g/BHP-hr, increases the maximum
torque to 144 kgm at 1,100 rpm, ensures a constant
power within the engine speed range from 1100 to
1500 rpm and reduces the acceleration time of the Die-
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sel with electric generator 1.6 - 1.8 times depending on
the load.

Other objects and advantages of the invention will
become apparent from the detailed description that fol-
lows and from the accompanying drawings, in which:

FIG. 1 is a diagrammatic view of a fuel system of an
internal combustion engine, according to the invention;

FIG.2isa longitudinal section of the controllable re-
ducing valve in the closed posmon

The fuel system of a Diesel engine 1 (FIG. 1) com-
prises a high-pressure fuel pump 2 driven by a cam 4
of a camshaft 3 and an auxiliary pump 5 driven by a
cam 6 of the camshaft 3. The high-pressure fuel pump
2 has a discharge valve 7 with a sealing seat 8 and a suc-
tion collar 9. The pump 2 is connected by a high-
pressure pipe 10 with a closed-type fuel injector 11 in-
stalled on the Diesel 1. The auxiliary pump 5 has a dis-
charge valve 12 and a plunger 13 and is connected by
a pipe 14 with an accumulator 15. The pumps 2 and §
are connected by a pipe 16 with a pump 17 which tops
up a tank 18 to compensate for the fuel used up by the
pumps 2 and 5. The fuel pressure in the accumulator
15 is controlled by a reducing valve 19 (FIG. 2) which
receives fuel from the accumulator 15 through a pipe
20 and from which the fuel is discharged through a pipe
21 into the tank 18. The accumulator 15 is connected
by a pipe 22 with a fuel distributor which is made in the
form of a groove 23 on a plunger 24 of the pump 2, and
of inlet 25 and outlet 26 holes in a bushing 27. A chan-
nel 28 communicates the pipe 22 with the inlet hole 25.
The outlet hole 26 is connected with the high-pressure
pipe 10 through the channel 29.

The controllable reducing valve 19 is connected by
a rack 30 with a governor 31 while a rack 32 connects
it with the rack 33 of the high-pressure fuel pump 2.

The controllable reducing valve 19 (FIG. 2) com-
prises a body 34 with fuel inlet and outlet channels 35
and 36. Inside the body 34 there is a rotatable bushing
37 with an outlet hole 38. The hole 38 is in communica-
tion with the channel 36. The rotatable bushing 37 ac-
commodates a valve element in the form of a cylindri-
cal slide valve 39-which forms a precision pair with said
bushing. The slide valve 39 has a shaped edge 40 facing
the fuel inlet channel 35 and is subjected to fuel pres-
sure at one end while at the other end it is loaded, via
a sleeve 41, by a spring 42 resting on an adjustabie nut
43, the latter being used for pretensioning the spring
42, The fuel inlet channel 35 accommodates an immov-
able bushing 44 which enters the rotatable bushing 37,
formmg a precision pair with the latter.

A pin 45 of the slide valve 39 enters the axial slots 46
of a rotatable gear 47 whose teeth are in mesh with the
teeth of the rack 32 (FIG. 1) which, in turn, meshes
with the rack 33 of the high-pressure fuel pump 2. The
upper part of the rotatable bushing 37 (FIG. 2) is pro-
vided with a gear rim 48 whose teeth mesh with the
teeth of the rack 30 (FIG. 1) of the governor 31 which
reacts to the changes in the rotation speed of the Diesel
engine 1.

The fuel system of the Diesel engine functions as fol-
lows.

Engine starting.

When the crankshaft of the Diesel 1 (FIG. 1) is ro-
tated at starting, the rack 33 of the high-pressure fuel
pump 2 occupies the extreme right position which cor-
responds to zero fuel delivery to the combustion cham-
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ber (not shown in the drawing) of the Diesel 1. During
this period the fuel is delivered from the tank 18 by the
pump 17 through the pipe 16 into the spaces above the
plungers of the high-pressure pump 2 and auxiliary
pump S,

The camshaft 3 driven by the crankshaft (not shown
in the drawing) of the Diesel 1 operates the plunger 13
of the pump 5 by its cam 6 while its cam 4 actuates the
plunger 24 of the pump 2. The plunger 13 goes up, de-
livering fuel through the valve 12 and pipe 14 into the
accumulator 15. From the accumulator 15 the fuel
flows through the pipe 22 into the channel 28 of the
high-pressure pump 2 'and enters the controllable re-
ducing valve 19 through the pipe 20.

In the valve 19 the fuel enters the channel 35 (FIG.
2) of the immovable bushing 44 and the space of the
rotatable bushing 37 above the end of the slide valve 39
and its shaped edge 40. When the axial force of the fuel
pressure applied to the end of the slide valve 39 ex-
ceeds the force applied by the spring 42 to the slide
valve 39 via the sleeve 41, the slide valve 39 starts mov-
ing down. The beginning of the downward movement
of the slide valve 39 under the effect of the fuel pres-
sure applied to its end depends on the degree of preten-
sioning of the spring 42. The shaped edge 40 of the
slide valve opens the hole 38 in the rotatable bushing
37 through which the fuel is returned into the tank 18
(FIG. 1) through the channel 36 (FIG. 2) and pipe 21
(FIG. 1). The pressure at which the shaped edge 40 of
the slide valve 39 starts opening the hole 38 (FIG. 2)
depends on_the length of the generatrix between the
shaped -edge 40 of the slide valve 39 and the hole 38
and on the characteristic of the spring 42. It means that
the stiffer the spring and the longer the generatrix be-
tween the shaped edge 40 and the hole 38,.the higher
pressure will have to be applied to the end of the slide
valve to start the discharge of fuel from the accumula-
tor 15 (FIG. 1).

As a result of the fuel discharge, pressure in the accu-
mulator 15 drops, the axial force of the pressure on the
end of the slide valve 39 (FIG. 2) is reduced too. Then
the force of the spring 42 will exceed the force of the
fuel pressure applied to the end of the slide valve 39,
the latter will go .upward and close the hole 38 in the
rotatable bushing 37.

Thus, a required fuel pressure will be reached in the
accumulator 18 (FIG. 1).

After the plunger 24 has come to the downmost posi-
tion, the fuel at the predetermined pressure will flow
from the accumulator 18 through the pipe 22 and chan-
nels 28 and 29 into the high-pressure pipe 10 via the
holes 25 and 26 in the bushing 27 and via the groove
23 on the plunger 24.

Hence, the predetermined initial pressure will be en-
sured in the hlgh -pressure pipe 10. The system is pre-
pared for engine starting.

3,818,882
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The rack 33 of the high-pressure pump 2 moves

along arrow A (FIGS. 1, 2) to a position corresponding
to the starting supply of fuel to the combustion cham-
ber of the Diesel 1. The cam 4 of the rotating camshaft
3 raises the plunger 24, The fuel flows under pressure
from the space above the plunger through the dis-
charge valve 7 and the high-pressure pipe 10 into the
fuel injector 11 which injects fuel into the combustion
chamber of the Diesel 1. At the end of injection the dis-
charge valve 7 closes and its suction collar 9 relieves
pressure in the pipe 10.
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Thus, the residual pressure in the pipe 10 either be-
comes lower than in the known systems or even drops
toa vacuum. »

The plunger 24 moves down. As soon as it comes to
the downmost position, a new cycle of preparing the
fuel system for injection is started by building up a high
initial pressure in the high-pressure pipe 10,

Changes in engine operating duty.

If the engine load increases, the rack 33 of the high-
pressure fuel pump 2 moves along arrow A thus. in-
creasing the amount of fuel supplied into the Diesel 1
while the rack 32 of the conitrollable reducing valve 19
(connected with the rack 33) turns the gear 47 (FIG.
2). The gear 47 turns the slide valve 39 along arrow B
with the aid of the slots 46 and the pin 45.

The length. of the generatrix of the cylindrical slide
valve from the edge 40 to the hole 38 changes in accor-
dance with the outline of the shaped edge 40 of the
slide valve 39, Hence, the travel of the slide valve 39
to the moment of opening of the hole 38 by the shaped
edge 40 is increased in accordance with the outline of
said shaped edge 40. ‘

In accordance with the characteristic of the spring 42
there will be an increase in the fuel pressure applied to
the end of the slide valve 39 at which the hole 38 in the
rotatable bushing 37 will open and discharge the fuel
from the accumulator 15 (connected by the pipe 20
with the valve 19) into the tank 18 (FIG. 1).through the
channel 36 (FIG. 2) and the pipe 21 (FIG. 1).

Thus, the fuel pressure in the accumulator 15 will be-
come higher than it was before the change in the engine
load while the pressure in the high-pressure pipe 10 will
settle at a new normal level.

If, for example, the speed of the Diesel 1 is increased,
the governor 31 will move the rack 30 along arrow C
(FIG. 2). The rack 30 (FIG. 1) will turn the bushing 37
via the gear rim 48 (FIG. 2) of the rotatable bushing 37
against the direction of arrow B. The hole 38 in the ro-
tatable bushing 37 will be displaced relative to the slide
valve 39 so that the length of the generatrix of the cy-
lindrical slide valve 39 from the shaped edge 40 to the
hole 38 will be increased and so'will be the length of
travel of the slide valve 39 to the. moment when the
shaped edge 40 opens the hole 38. In accordance with
the characteristic-of the spring 42 there will be an in-
crease in the fuel pressure applied to the end of the
slide valve 39 at which the hole 38 in the rotatable
bushing 37 will open and discharge the fuel from the

" accumulator 15 (FIG. 1) connected by the pipe 20 with

the valve 19 into the tank 18 through the channel 36
(F1G. 2) and the pipe 21 (FIG. 1).

Thus, the pressure in-the accumulator 15 will settle
at a higher level than it was before the increase in the
engine speed while the pressure in the high-pressure
pipe 10 will come to a new predetermined initial value.

The fuel system of the Diesel engine according to the
invention employs a manual drive connected to the
rack 30 (FIG. 1) by any commonty known method.

In this version of the system the governor 31 is omit-
ted. This design of the system provides for a higher en-
gine power at various steady and unsteady operational
duties, at the same time retaining the setting of the con-
trollable reducing valve for obtaining maximum engine
economy under various loads.
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In this case the functioning of the fuel system is simi-
lar to that described above at changes in the engine
crankshaft speed.

Another version of the fuel system with a manual
drive incorporates its connection by any known
method to the rack 32 (FIG. 1) of the controllable re-

" ducing valve 19.

In this case the rack 33 of the high-pressure fuel
pump 2 is disconnected from the rack 32. This version
of the fuel system retains the economy of the engine at
changes in its speed while higher power of the engine
at changes in its load is obtained by a manual control
lever-actuating the controllable reducing valve 19.

The functioning of the fuel system in this case is simi-
lar to that described above at changes in the engine
load.

The fuel system of an internal combustion engine ac-
cording to the invention increases the economy and
power of the engine under various steady and unsteady
operating conditions, reduces the minimum stable
crankshaft speed, improves the reliability and prompt-
ness of starting and ensures a constant power charac-
teristic within the speed range from the rated to two-
thirds rated value.

What is claimed is:

1.' A fuel system of an internal combustion engine
comprising, in combination, a high-pressure fuel pump;
an accumulator; an auxiliary pump communicating
with said accumulator for building up pressure within
said accumulator; a controllable reducing valve com-
municating with said accumulator and maintaining a
pre-determined high pressure in said accumulator; a
closed-type fuel injector; a high-pressure pipe connect-
ing said closed-type fuel injector with said high-
pressure fuel pump; a fuel distributor; a fuel pipe con-
necting said accumulator with said high-pressure pipe
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through said fuel distributor for maintaining a substan-
tially high initial pressure in said high-pressure pipe.

2. A fuel system of an internal combustion engine
comprising, in combination, a high-pressure fuel pump
with governor; an accumulator; an auxiliary pump
communicating with said accumulator for building up
pressure within said accumulator; a controllable reduc-
ing valve communicating with said accumulator and
maintaining a pre-determined high pressure in said ac-
cumulator; a closed-type fuel injector; a high-pressure
pipe connecting said closed-type fuel injector with said
high-pressure fuel pump; a fuel distributor; a fuel pipe
connecting said accumulator with said high-pressure
pipe through said fuel distributor for maintaining a sub-
stantially high initial pressure in said high-pressure
pipe, said controllable reducing valve comprising a
body with fuel inlet and outlet channels, said body hav-
ing a rotatable bushing with outlet hole aligned with the
fuel outlet channel of said body, said bushing having a
rotating valve element loaded by fuel pressure at one
end, a spring for loading the other end of said valve ele-
ment, a gear rack on said fuel pump, a first rim gear
connecting said valve element with said gear rack, a
gear rack on said governor, and a second rim gear con-
necting said bushing to said rack on said governor, said
governor reacting to changes in the engine speed.

3. A fuel system of an internal combustion engine ac-
cording to claim 2, wherein said rotating valve element
comprises a cylindrical slide valve with a shaped edge
facing said fuel inlet channel in said body.

4. A fuel system of an internal combustion engine ac-.
cording to claim 2, wherein said fuel inlet channel of
said body has an immovable bushing entering said ro-

tatable bushing.
% * * * *



