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3 Claims.

This invention relates to fuel injection pumps

for airless or solid injection of fuel in internal .

combustion engines and of the kind in which an
accumulator or storage piston cooperates with
an injection pump plunger having an edge which
controls a fuel discharge port.

In fuel injection pumps of this type when in-
jection commences the sudden release of the fuel
charge under pressure within the working cham-
ber of the pump results in a drop in pressure in
the pump chamber due mainly to the inertia of
the accumulator piston and in part to that of
the metallic or hydraulic spring whereby the
accumulator piston is loaded. As a result the
accumulator piston tends to oscillate and cause
fluctuations to take place in the injection pres-
sure. Such fluctuations, which may be unap-
preciable at the commencement of injection, tend
to increase in magnitude as injection progresses
until the fluctuations reach a maximum value at
the end of injection when the mean injection
pressure is a minimum. The fluctuations may
then be sufficiently effective to cause a momen-
tary vacuum in the fuel delivery system and
thereby induce a back flow from the fuel injec-
tion device with the result that effective atomi-
zation and combustion of the fuel charge are
impaired and irregular operation or “knocking”
of the engine may occur. The object of the
present invention is to overcome this difficulty.

To this end in accordance with the present
invention the formation of the control edge of the
plunger or the cooperating edge of the delivery
port or both is such that the effective cross-
section available for the flow of fuel from the
working chamber of the pump to the point of in-
jection does not increase abruptly from zero, but
gradually as injection proceeds so that a sudden
release of the fuel charge from the working cham-
ber of the pump is prevented.

In the accompanying drawing,

Figure 1 indicates diagrammatically the man-
ner in which the invention may be applied,

Figures 2 and 3 illustrate by way of example
two constructions of fuel injection pump each
embodying the invention, and

Figure 4 indicates by means of curves the vari-
" ations of the fuel injection pressure which may
be obtained in accordance with the invention.

In the diagram shown in Figure 1 the working
space of the pump, that is to say the fuel space
between the accumulator piston and the pump
plunger, is indicated at i, the fuel sprayer or
injection nozzle being indicated at m whilst the
fuel delivery pipe through which fuel passes from
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the pump to the injection nozzle is indicated at d.

In accordance with the present invention the
cross-section of the passage » available for the
flow of fuel from the working space ¢ to the de-
livery pipe d does not increase abruptly from
zero during the injection period but this in-
crease is effected in such a manner that the
value of the cross-section of the passage n grad-
ually increases from zero to the maximum value.
In this way variation of the injection pressure can
be caused to take place in such a manner as to

overcome the difficulties which would result from -

an abrupt release of the fuel from the moment
when opening of the delivery port commences.

Figures 2 and 3 illustrate in more detail two
constructions of fuel injection pump embodying
the arrangement generally indicated in Figure
1. In the construction illustrated in Figure 2 a
cylinder ¢ contains an accumulator piston b and
a pump plunger ¢ which is reciprocated by means
not shown. Formed in the wall of the cylinder
a is an outlet or delivery port communicating
with a delivery passage d and an inlet or suc-
tion port e, both the ports being controlled by
the plunger ¢ as hereinafter described. The
plunger c¢ is furnished with an annular recess
bounded on one side by an edge f which acts
as a control edge for opening and closing the
delivery port leading to the passage d. One side
of the recess in the plunger ¢ is inclined from the

control edge f towards the axis of the plunger ¢ .

so as to form a conical or bevelled surface which
extends over an axial distance g and whose di-
ameter gradually decreases to the full depth of
the recess as shown. A bore k in the plunger ¢
communicates between the working chamber ¢ of
the pump and a cylindrical portion ¥ of the re-
cess in the plunger c.

When the plunger ¢ moves on its suction stroke
fuel is drawn through the inlet port e into the
working chamber i and when the piston returns
on its delivery stroke the port e is first closed
whereupon pressure is applied to the charge in
the working chamber i, the accumulator piston b
being moved against its loading spring. As soon
as the control edge f on the plunger ¢ commences
to pass over the delivery port communicating
with the passage d injection of the fuel charge
commences, the fuel flowing from the working
chamber i through the bore % and recess in the
plunger and thence to the delivery passage d.
As injection proceeds however the cross-section
of the passage available for the flow of fuel from
the recess in the plunger c to the delivery passage
d gradually increases in a direction normal to
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the axis of the plunger since the diametfer of
the conical surface of the recess gradually de-
creases in the direction opposite to that in which
the plunger is moving during its delivery stroke.
The cross-section available for the flow of the
fuel thus gradually increases from a zero value
immediately prior to the commencement of
opening of the delivery port to a maximum
value equal to the depth of the cylindrical por-
tion k& of the recess when the delivery port is
fully open.

The delivery port is thus not abruptly opened
as would be the case if the side of the recess in
the plunger ¢ adjacent to the control edge f were
normal to the plunger axis, but the fuel charge
is gradually throttled in its passage from the re-
cess to the delivery pipe d, this throttling effect
gradually decreasing as injection proceeds. A
sudden release of the fuel charge with conse-
quent oscillation of the accumulator piston and
fluctuation of pressure during delivery are in
this way prevented, effective atomization and

combustion of the fuel being ensured. By suit-:

ably forming the wall of the plunger recess ad-
jacent to the control edge f the pressure varia-
tion at the delivery side of the injection nozzle
or sprayer may be caused to take place as
desired.

In the construction shown in Figure 3 the
plunger ¢ is furnished with a rectangular recess
k and a liner s is provided in the pump cylinder
a. That end of the liner s adjacent to the fuel
delivery port communicating with the delivery
passage d is cut away as shown so as to form a
conical or tapered recess which communicates
with the delivery pipe d. As in the construction
described with reference to Figure 2, when the
plunger ¢ moves on its delivery stroke, the cross-
sectional area of the annular passage available
for the flow of fuel from the recess k¥ to the de-
livery passage d gradually increases in the radial
direction from Zerc to maximum opening.

Figure 4 illustrates by means of four curves
plotted with injection pressures p as ordinates
and angles of rotation ¢ as abscisse variations of
injection pressure which may be obtained in ac-
cordance with the invention. When the pres-
ent invention is not applied so that the fuel de-
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livery port is abruptly opened at the beginning of
injection the delivery pressure will rise sudden-
ly from the value po to the value p:. The curves
1, 2 and 3 indicate the increase of pressure during
injection with three different rates of increase of
the effective cross-section available for the flow
of fuel from the fuel pump to the injection device
in arccordance with the present invention. The
curve 4 indicates the curve of pressure variation
applied by the loading spring of the accumulator
during the injection period.

It will be understood that the constructions
above described are given by way of example only
and that details may be modified. For example,
the gradual increase of the cross-section avail-
able for the flow of fuel from the pump to the
point of injection may be effected by inclination
net only of the leading wall of the recess or the
cooperating edge of the delivery port but by in-
clining both these parts.

T claim: :

1. In a fuel-injection pump having a working
chamber, a plunger, an accumulator piston and
connection to a fuel-delivery port in the cylinder
wall, said pump-plunger having an annular re-
cess therein having means for establishing com-
munication towards the end of the delivery stroke,
between the working chamber of the pump and
said fuel-delivery port, the control-side of said
recess which first uncovers the delivery port dur-
ing the delivery stroke, being bevelled off to
form a conical surface.

2. In a fuel-injection pump having a working
chamber, & pump plunger, and a fuel-delivery
port in the cylinder wall, and having an accumu-
lator piston in combination with said working
chamber, said pump plunger having an annular
recess therein for establishing communication be-
tween the chamber and the port towards the end
of the delivery stroke, and an annular conical
recess in the cylinder wall, said delivery port
opening at the maximum didmeter of the annu-
lar conical recess in the cylinder wall.

3. Afuel-injection pump as in claim 1, in which
there is a liner in the pump cylinder and said
conical recess is formed therein.

BERNHARD BISCHOF.
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