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Description

This invention relates to a fuel injection pumping
apparatus for supplying fuel to an internal combustion
engine the apparatus being of the kind comprising an
injection pump for delivering fuel in timed relationship
to an associated engine, a feed pump for supplying
fuel to the injection pump during the filling periods
thereof, the outlet pressure of said feed pump varying
in accordance with the speed of the associated en-
gine, throttle means for adjusting the amount of fuel
supplied by the feed pump to the injection pump, fluid
pressure operable means for adjusting a component
of the injection pump to vary the timing of delivery of
fuel to the associated engine, a first fixed orifice in-
terposed between the outlet of the feed pump and
said fuel pressure operable means, a second fixed or-
ifice and a variable orifice connected in series and
through which fuel from downstream of said first fixed
orifice can flow to a drain, the size of said variable or-
ifice being determined by the setting of said throttle
means and a valve responsive to the pressure drop
across said first fixed orifice and operable after the
pressure drop has attained a predetermined value to
maintain the pressure drop substantially constant.

An example of a similar form of apparatus is seen
in GB-A-2174515 but in this case an additional valve
is provided which is responsive to the pressure which
is applied to the fluid pressure operable means and
this valve as the pressure increases, acts to open a
further flow path to drain from downstream of the sec-
ond fixed orifice.

The object of the present invention is to provide
a fuel pumping apparatus in a simple and convenient
form.

According to the invention an apparatus of the
kind specified is characterised in that in all conditions
of operation of the apparatus all the fuel which flows
through the second fixed orifice flows through the va-
riable orifice.

An example of an apparatus in accordance with
the invention will now be described with reference to
the accompanying drawings in which:-

Figure 1 is a diagrammatic representation of the

apparatus and

Fig. 2 shows the performance characteristics of

the apparatus.

With reference to Fig. 1 of the drawings the
pumping apparatus comprises a high pressure injec-
tion pump generally indicated at 10 of the type having
a rotary distributor member which is housed within
housing of the apparatus, the distributor member be-
ing adapted to be driven in timed relationship with the
associated engine. Formed in the distributor member
is a transversely extending bore which accommo-
dates a pair of pumping plungers which are moved in-
wardly as the distributor member rotates, by the co-
operation of rollers at the outer ends of the plungers
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engaging with the internal periphery of an annular
cam ring having formed on its internal periphery,
pairs of inwardly extending cam lobes.

The fuel displaced by the injection pump during
the injection strokes thereof is distributed in known
manner in turn to injection nozzles associated with
the combustion chambers of the associated engine.

The cam ring is angularly adjustable in order to
determine the timing of delivery of fuel to the associ-
ated engine and for this purpose the cam ring is pro-
vided with a peg 11 which is engaged within a recess
defined in a fluid pressure operable piston 12 which
constitutes the aforesaid fluid pressure operable
means. The piston is spring loaded by means of a
spring 13 towards one end of the cylinder in which it
is mounted. As the piston moves against the action of
the spring the timing of delivery of fuel will be ad-
vanced.

The apparatus also includes a low pressure feed
pump 14 conveniently having a rotary part which is
mounted on the distributor member. The feed pump
draws fuel from a convenient source not shown and
the output pressure of the feed pump is controlled by
valve means 15 so that as the speed of operation of
the associated engine increases, the outlet pressure
of the feed pump also increases.

The amount of fuel which is supplied by the injec-
tion pump 10 at each delivery stroke is determined by
the amount of fuel which is supplied to it during the
filling strokes, by the feed pump 14 and the fuel flow-
ing to the injection pump is controlled by a throttle
means 16. In the particular example the throttle
means comprises an angularly adjustable throttle
member 17 mounted within the housing of the appa-
ratus and its angular sefting is determined in part by
a mechanical governor (not shown) which is respon-
sive to the speed at which the apparatus is driven,
and in part to the setting of an operator adjustable
member. Conveniently the throttle member 17 is
housed within a bore formed in the housing and it ex-
tends from the bore.

The inner end of the throttle member is subjected
to the outlet pressure of the feed pump 14 and formed
in the throttle member is an axial groove 18 which reg-
isters to a varying degree, with a port 19 formed in the
wall of the cylinder in which the throttle member is
mounted. The port 19 by way of further ports and pas-
sages in the body and distributor member, is brought
into communication with the injection pump during
the filling periods thereof. The angular setting of the
throttle member therefore determines the amount of
fuel which is supplied by the feed pump to the injec-
tion pump during the filling strokes thereof.

In order to adjust the timing of delivery of fuel the
piston 12 is subjected to a varying fuel pressure. Fuel
under pressure is derived from the outlet of the feed
pump 14 but it is modified in accordance with the set-
ting of the throttle means 16. The outlet of the feed
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pump communicates with the cylinder containing the
piston 12 by way of a first fixed orifice 20 and the
downstream side of this orifice is connected to the cy-
linder containing the piston by way of a valve 21 the
purpose of which is to minimise so far as possible,
movement of the piston by the reaction of the rollers
with the cam lobes. A small bleed orifice is provided
in parallel with the valve 21 to permit fuel to escape
from the cylinder as the piston is moved by the spring
13.

The downstream side of the orifice 20 also com-
municates with a drain by way of a second fixed ori-
fice 22 connected in series with a variable orifice 23
which is constituted by a port 24 in the wall of the cy-
linder in which the throttle member 17 is mounted and
by an inclined groove 25 formed in the periphery of
the throttle member and having one end communicat-
ing with the interior of the housing which forms the
drain. It is arranged that as the throttle member 17 is
moved angularly to increase the amount of fuel sup-
plied to the engine, the degree of restriction offered
by the variable orifice 23 decreases so that an in-
creased flow of fuel takes place through the fixed or-
ifices 20 and 22 with the result that the pressure ap-
plied to the piston 12 is reduced.

Also provided is a valve 26 which comprises a
valve member 27 slidable within a cylinder 28. The
opposite ends of the cylinder are connected to the up-
stream and downstream sides of the orifice 20, and
formed in the wall of the cylinder is a port 29 which
is connected to the downstream side of the orifice 20.
The valve member is biased by a spring 29A towards
the one end of the cylinder connected to the upstream
side of the orifice 20 and formed in the valve member
is a circumferential groove 30 which is connected to
said one end of the cylinder.

In use, when the throttle member is set to allow
the minimum flow of fuel to the associated engine the
port 24 will be closed with the result that there will be
no flow of fuel through the orifices to drain and the
pressure applied to the piston 12 will be the full outlet
pressure of the feed pump 14 as indicated at 31 in Fig-
ure 2A in which the speed N is plotted against the
pressure P applied to the piston. The resulting move-
ment of the piston 12 is indicated at 32 in Figure 2B
in which the speed N is plotted against the piston
movement or timing advance A. The movement of the
piston 12 against the action of the spring 13 takes
place as soon as the engine is started and the full
range of movement of the piston is completed in the
example, by about half way through the speed range
of the engine. In the two diagrams the left hand vert-
ical line indicates the idling speed of the engine and
the right hand vertical line the maximum engine
speed.

When the throttle member is set to allow the max-
imum flow of fuel to the associated engine the port 24
is effectively open fully and the pressure of fuel which
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is applied to the piston 12 will depend upon the sizes
of the orifices 20 and 22. As shown at 33 in Figure 2A
the pressure will be lower than the outlet pressure of
the transfer pump due to the potentiometer effect of
the orifices. The valve member 27 of the valve 26 is
subject to the pressure drop across the orifice 20 and
in response to the pressure drop will move againstthe
action of the spring 29A. The movement of the valve
member will have no effect until the groove 30 moves
into register with the port 29 thereafter the valve 26
acts to maintain a constant pressure drop across the
orifice 20 so that as seen at 34 in Figure 2A the pres-
sure applied to the piston 12 increases at the same
rate as the output pressure of the feed pump 14 but
at a fixed value below this pressure. The position of
the piston 12 is indicated at 35 and 36 in Figure 2B.
In fact portion 35 shows no movement of the piston
since the pressure applied to it is insufficient to over-
come the force exerted by the spring 13. Movement
of the piston does not start to take place under full
load conditions until after the valve 26 has started to
function.

As the amount of fuel delivered to the engine is
decreased the port 24 and the groove 25 act as an
orifice so that the pressure applied to the piston 12
will be increased. The reduced flow of fuel through
the orifice 20 means that the pressure drop across
the orifice will be reduced and therefore the valve 26
will not come into operation until a higher engine
speed is attained. In Figures 2A and 2B the intermedi-
ate curves show the performance curves over the
engine speed range at different constant settings of
the throttle.

In the arrangement shown in Figure 1 the orifice
22 can be positioned downstream of the variable ori-
fice 23. For this purpose the projecting end of the
throttle member 17 would be enclosed by an end cas-
ing in which would be formed the orifice 22As an al-
ternative the groove 25 instead of extending into the
exposed portion of the throttle member 17 can ter-
minate in a circumferential groove on the throttle
member and which is in permanent communication
with a drain port in the wall of the bore in which the
throttle member 17 is mounted, the port incorporating
the orifice 22. Alternatively the groove 25 may com-
municate with a drilling formed in the throttle member
and incorporating the orifice 22.

Claims

1. Afuel injection pumping apparatus for supplying
fuel to an internal combustion engine comprising
an injection pump (10) for delivering fuel in timed
relationship to an associated engine, a feed pump
(14) for supplying fuel to the injection pump dur-
ing the filling periods thereof, the outlet pressure
of the fuel pump (14) being arranged to vary in
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accordance with the speed of the associated en-
gine, throttle means (16) for adjusting the amount
of fuel supplied by the feed pump (14) to the in-
jection pump (10), fluid pressure operable means
(12) for adjusting a component of the injection
pump (10) to vary the timing of fuel delivery to the
associated engine, a first fixed orifice (20) inter-
posed between the outlet of the feed pump (14)
and the fluid pressure operable means (12), a
second fixed orifice (22) and a variable orifice
(23) connected in series and through which fuel
from downstream of said first fixed orifice (20)
can flow to a drain, the size of the variable orifice
(23) being determined by the setting of said throt-
tle means (16), and a valve (26) responsive to the
pressure drop across the first fixed orifice (20)
and operable after the pressure drop has at-
tained a predetermined value to maintain the
pressure drop substantially constant, character-
ised in thatin all conditions of operation of the ap-
paratus all the fuel which flows through the sec-
ond fixed orifice (22) flows through the variable
orifice (23).

An apparatus according to Claim 1 characterised
in that said second fixed orifice (22) is positioned
between said variable orifice (23) and said first
fixed orifice (20).

An apparatus according to Claim 1 characterized
in that said second fixed orifice (22) is positioned
between said variable orifice (23) and the drain.

Patentanspriiche

1.

Kraftstoffeinspritzpumpenvorrichtung zur Zufuhr
von Kraftstoff zu einer Brennkraftmaschine mit
einer Einspritzpumpe (10) zur zeitsynchronisier-
ten Zufuhr von Kraftstoff zu einem dazugehdri-
gen Motor, einer Férderpumpe (14) zur Zufuhr
von Kraftstoff zu der Einspritzpumpe, wéhrend
dem Fiillen derselben, wobei sich der Auslai-
druck der Kraftstoffpumpe (14) in Abhéngigkeit
mit der Drehzahl des dazugeh&renden Motors
andert, einer Drosseleinrichtung (16) zum Ein-
stellen der durch die Forderpumpe (14) zu der
Einspritzpumpe (10) zugefiihrten Kraftstoffmen-
ge, einer durch den Fluiddruck betétigten Einrich-
tung (12) zum Einstellen einer EinfluRgréRe fir
die Kraftstoffpumpe (10), so daR das Zeitverhal-
ten der Kraftstoffzufuhr zu dem dazugehdrigen
Motor eingestellt wird, einer ersten festgelegten
Offnung (20), die zwischen dem Ausgang der
Férderpumpe (14) und der durch den Fluiddruck
betétigten Einrichtung (12) angeordnet ist, einer
zweiten festgelegten Offnung (22) und einer va-
riablen Offnung (23), die in Serie miteinander ver-
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bunden sind und durch die Kraftstoff von stromab
der ersten festgelegten Offnung (20) zu einem
Auslall strdomen kann, wobei die Grofle der va-
riablen Offnung (23) durch das Einstellen der
Drosseleinrichtung (16) bestimmt wird, und ei-
nem Ventil (26), das auf den Druckabfall iiber die
erste festgelegte Offnung (20) reagiert und beta-
tigbar ist, nachdem der Druckabfall einen vorbe-
stimmten Betrag erreicht hat, zum im wesentli-
chen Konstanthalten des Druckabfalls,

dadurch gekennzeichnet, daf®

in allen Betriebsbedingungen der Vorrichtung der
gesamte durch die zweite festgelegte Offnung
(22) strémende Kraftstoff durch die variable Off-
nung (23) strémt.

Vorrichtung nach Anspruch 1,

dadurch gekennzeichnet, daf®

die zweite festgelegte Offnung (22) zwischen der
variablen Offnung (23) und der ersten festgeleg-
ten Offnung (20) angeordnet ist.

Vorrichtung nach Anspruch 1,

dadurch gekennzeichnet, daf®

die zweite festgelegte Offnung (22) zwischen der
variablen Offnung (23) und dem AuslaR angeord-
net ist.

Claims

Appareil de pompage d’injection de carburant
pour alimenter en carburant un moteur & combus-
tion interne, comprenant une pompe d’injection
(10) pour alimenter du carburant en relation de
synchronisation avec un moteur qui lui est asso-
cié, une pompe d’alimentation (14) pour alimenter
en carburant la pompe d’injection au cours des
périodes de remplissage de cette derniére, la
pression de sortie de la pompe de carburant (14)
étant arrangée pour varier en fonction de la vi-
tesse du moteur qui lui est associé, un moyen de
papillon (16) pour régler la quantité de carburant
acheminée par la pompe d’alimentation (14) a la
pompe d’injection (10), un moyen (12) mis en ser-
vice par pression de fluide pour régler un com-
posant de la pompe d’injection (10) pour faire va-
rier le moment de I'alimentation en carburant du
moteur qui lui est associé, un premier orifice fixe
(20) intercalé entre la sortie de la pompe d’ali-
mentation (14) et le moyen (12) mis en service
par pression de fluide, un second orifice fixe (22)
et un orifice variable (23) reliés en série et a tra-
vers lesquels du carburant, provenant d'un en-
droit situé en aval dudit premier orifice fixe (20),
peut s'écouler en direction d’un drain, la dimen-
sion de l'orifice variable (23) étant déterminée
par le réglage dudit moyen de papillon (16), ainsi
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qu’une soupape (26) sensible ala chute de press-
ion s’exergant a travers le premier orifice fixe (20)
et mise en service aprés que la chute de pression
a atteintune valeur prédéterminée pour maintenir
la chute de pression essentiellement constante, 5
caractérisé en ce que, dans toutes les conditions
de mise en service de I'appareil, toute la quantité
de carburant qui s’écoule a travers le second or-
ifice fixe (22) s’écoule a travers l'orifice variable
(23). 10

Appareil selon la revendication 1, caractérisé en
ce que ledit second orifice fixe (22) est positionné
entre ledit orifice variable (23) et ledit premier or-
ifice fixe (20). 15

Appareil selon la revendication 1, caractérisé en
ce que ledit second orifice fixe (22) est positionné
entre ledit orifice variable (23) et le drain.
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