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Description

[0001] The presentinvention relates to a fuel injection
pump for internal combustion engines, in particular big,
slow marine diesel engines, for supply of a variable
amount of fuel to an injection nozzle positioned in the
working cylinder of the engine, said injection nozzle hav-
ing a spring-loaded needle in the nozzle aperture, and
which pump comprises a barrel, in which a plunger with
an upper edge formed between the end surface and the
side surface of the plunger and at least one helically ex-
tending oblique cut-off edge, is movable, which oblique
cut-off edge defines a recess in the side surface of the
plunger, which recess is connected through an axial
duct with the end surface of the plunger, and in which
the wall of the barrel has separate sets of holes for con-
trolling the beginning and the end of the effective pump
stroke, which holes opens into a surrounding supply
chamber containing the fuel under moderate pressure,
said holes comprising a timing hole which at the travel
of the plunger from the bottom to the top position is cov-
ered by the side surface of the plunger below the upper
edge, and a relief hole being later uncovered by the ob-
lique cut-off edge for diversion of excess fuel at the end
of the effective pump stroke, and in which at least some
of the holes are provided with an orifice member with an
aperture reduced relative to the cross section of the hole
for providing, during a part of the travel of the plunger,
an increased static pressure in these holes.

[0002] In conventional fuel injection pumps each ob-
lique cut-off edge is matched by a hole through the wall
of the barrel, and the plunger is designed such that this
hole at the beginning of the travel of the plunger is cov-
ered by the upper edge of the plunger, and the same
hole is later exposed by the oblique cut-off edge, when
the set amount of fuel has been supplied to the injection
nozzles. Such an arrangement has worked satisfactorily
in small and mediumsized engines, but in big, slow die-
sel engines problems arise which can be traced back to
the big dimensions of the pumps and to measures,
which have to be taken in order to dampen pressure var-
iations in the injection system at the start and at the end
of the effective pump stroke. The problems may be ero-
sion on the side surfaces of the plunger stemming from
cavitation in the holes on account of high flow velocity.
An increase of the cross section of the holes can, how-
ever, not be made straight away, as the holes, when un-
covered by the oblique cut-off edge, are to delay the
pressure relief by exerting a certain flow resistance. This
delay is necessary in order to prevent cavitation in the
nozzles and to prevent combustion gas from entering
the injection nozzles. It is also desirable, if possible, to
obtain a comparatively big bearing surface between
plunger and barrel in the area at the upper edge of the
plunger to reduce the risk of seizures in this area, when
fuel with inferior lubricating properties is used.

[0003] An injection pump of the abovementioned type
is disclosed in US-A-4118156. The means for increasing
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the static pressure in the cut-off holes are spring loaded
valves controlling the flow of fuel into and out from the
supply chamber. The arrangement is complicated and
requires high power consumption from the pump sup-
plying fuel to the supply chamber.

[0004] Other arrangements for increasing the static
pressure in the cut-off holes are described in German
Offenlegungsschrift no. 25 32 205 and US-A-5 015 160.
[0005] US-A-4 957 418 discloses a fuel injection
pump having a plunger cooperating with cut-off holes in
a barrel and in which the means to provide an increased
static pressure in the cut-off holes are accommodated
in one of the cut-off holes. The means comprise a re-
strictive orifice placed in the hole, the closure of which
initiates the injection stroke initiating the relief at the end
of the stroke. This knowm arrangement leads to a lateral
pressure on the plunger, which in case of fuels with poor
lubricating properties may lead to increased wear on the
plunger.

[0006] The object of the invention is to provide a fuel
injection pump af the type defined in the opening clause
of the claim and in which erosion at the top of the plunger
is eliminated and which may be used for fuels with poor
lubricating properties and which is of simple construc-
tion. This object is met according to the invention there-
by that the pump is characterized in that the orifice mem-
ber is placed in the set of timing holes only.

[0007] The invention relates to fuel injection pumps,
in which the beginning and the end of the effective pump
stroke is controlled by means of separate sets of holes.
With this combination of features is obtainable that the
plunger obtains a comparatively large bearing surface
and that the shape and the size of the openings in the
barrel, which openings are being covered and uncov-
ered by the plunger, may have optimized dimensions,
and finally that orifice members do not cause any unbal-
anced pressure on the plunger.

The construction according to the invention has proved
to eliminate erosion on the plunger and to reduce wear
on the the plunger cooperating with the cut-off holes in
form of a set of timing holes and a set of relief holes.
[0008] The invention will now be described in detail
with reference to the drawing, in which

Fig. 1 is an axial view through a fuel injection pump
according to the invention,

Fig. 2 is a sectional view of a cross section through
the wall of the barrel along the line II-1l according to
Fig. 1,

Fig. 3 is a diagram showing the pressure in the
pump according to the invention during a fuel injec-
tion, and

Figs 4a, 4b, and 4c schematically show cut-off holes
in a longitudinal, sectional view.

[0009] The fuel injection pump 1, shown in axial view
in Fig. 1, comprises a barrel 2, in which a plunger 3 is
movable. The barrel 2 is adapted to be built into a pump
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housing of conventional design, which comprises a sup-
ply chamber surrounding the middle portion of the barrel
and to which excess fuel may be diverted, and from
where, during the course of the return stroke of the
plunger, fuel may be supplied to the barrel. The plunger
3 comprises an upper edge 4 formed between the end
and side surfaces of the plunger. The plunger, moreover,
comprises a recess 5, which in the direction of the end
surface of the plunger is defined by an oblique cut-off
edge 6 extending helically along the side surface of the
plunger. The oblique cut-off edge 6 covers an angle of
for instance 120°, and normally a plunger is provided
with two oppositely positioned cut-off edges 6. The
plunger 2 is provided with coupling means 7 for a rotat-
ing mechanism, by means of which the plunger may be
rotated for adjustment of the delivery amount, and cou-
pling means 8 for a roller guide adapted to move the
plunger axially. These mechanisms are not part of the
invention and may be conventionally designed. The
plunger 3 also comprises an axial duct 9 connecting the
recess 5 with the space 10 above the end surface of the
plunger 4.

[0010] The pump is adapted to deliver a variable
amount of fuel to the injection nozzles in the working
cylinders of a diesel engine. The delivery amount is ad-
justed by rotating of the plunger 3. The effective pump
stroke is initiated by the fact that the edge at the end
surface 4 of the plunger during its upwards movement
covers a set of timing and cut-off holes 11 in the barrel
2 of the pump, and the effective pump stroke ends, when
the oblique cut-off edge 6 uncovers a set of relief holes
12, whereby the pressure in the pump chamber above
the end surface 4 of the plunger is relieved through the
axial duct 9, the recess 5 and the cut-off holes 12 to the
supply chamber surrounding the barrel 2.

[0011] In fuel injection pumps for big, slow diesel en-
gines, for instance for marine use, special problems
arise on account of the big dimensions of the pump and
the high pressures, at which the fuel is injected, said
problems being met by the pump described by use of
separate, specifically designed timing holes and relief
holes in the beginning and at the end of the effective
pump stroke. By using separate sets of holes, the timing
holes can be designed such that cavitation stemming
from disruption of the flow of fuel, which is expelled at
big velocity, is effectively prevented, the relief holes are
designed such that a suitable dampening of the diverted
fuel is obtained, until the risk of pressure oscillations,
which may lead to penetration of cylinder gasoline into
the injection nozzles, has been overcome, or such that
cavitation in the injection nozzles is prevented. Moreo-
ver, the bearing surface between the upper portion of
the plunger and the wall of the barrel may be given a
proper size by an appropriate dimensioning of the axial
spacing between the holes 11 and 12.

[0012] The timing holes are conventionally designed
with bigger cross section than the relief holes 12. The
cavitation may, however, according to the invention be
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most effectively prevented by placing an orifice member
13 at the outlet of the timing hole to the supply chamber,
as shown in Fig. 2. The orifice member provides such a
flow passage that the pressure in the timing hole in front
of the orifice member substantially exceeds the pres-
sure in the supply chamber immediately before the cut-
off hole is covered, when the edge of the end surface 4
of the plunger passes. The flow resistance in the orifice
member leads to such a retarded breaking down of the
pressure at the side surface of the plunger that no cav-
itation occurs.

[0013] Thereliefholes 12, which are uncovered by the
oblique cut-off edge 6, are normally designed with a lon-
gitudinal profile in the shape of a diffusor and are pro-
vided with the smallest cross section at the wall of the
barrel. The small cross section at the wall of the barrel
is desirable in order to obtain a quick exposure of the
hole 12 and thus a well-defined pressure relief se-
quence in the injection system.

[0014] The diagram in Fig. 3 shows the pressure se-
quence in a fuel injection pump according to the inven-
tion drawn as a function of the crank angle. The fully
drawn curve indicates the pressure in the pump cham-
ber 10. The curve shows that the pressure in the pump
chamber starts to increase as soon as the plunger 3 is
moved upwards, but the steep increase starts at 14,
where the timing holes 11 are covered by the plunger
below its upper edge 4. At 15 the injection nozzles are
opened, and at the continued pump stroke the set
amount of fuel is injected in the working cylinder of the
engine. At 16, the cut-off holes are uncovered, following
which the pressure in the pump chamber falls in a damp-
ened course, which counteracts pressure oscillations in
the injection system and thus ensures a correct closing
function of the needles in the injection nozzles. A dotted
line 17 shows the pressure sequence in the chamber
between the orifice member and the side of the plunger,
the chamber being provided with an appropriately di-
mensioned orifice member 13. It will be seen that a grad-
ual pressure fall can be obtained, said pressure fall ef-
fectively preventing cavitation in the side hole adjacent
to the plunger side.

[0015] Figs 4a, 4b and 4c show schematic embodi-
ments of cut-off holes, viewed in longitudinal section.
Fig. 4a thus shows an embodiment, in which the flow-
limiting means in the shape of an orifice member 21 is
placed in a cut-off hole 20 close to its outlet 22 into the
supply chamber. In this embodiment maximum size of
the chamber, which is pressurized by cut-off and relief,
and consequently the biggest possible volume in the
chamber between orifice member and inlet and thus the
best possible pressure maintenance is obtained. The or-
ifice member may be designed with several ducts or with
a flow direction of the ducts under an angle relative to
the axis of the cut-off hole. An advantage of the ducts
forming an angle with the axis of the cut-off hole is that
the fluid relieved does not get perpendicularly in touch
with an opposite supply chamber wall, and that the risk



5 EP 0 977 944 B1 6

of erosion of said wall is reduced. The chamber between
the wall of the barrel and the orifice member may, more-
over, have a non-cylindrical shape. The shape may for
instance be conical such that the cut-off aperture in the
wall of the barrel is somewhat smaller than the diameter
of the chamber, in which the orifice member has been
inserted. In this way the flow-controlling effect is distrib-
uted to the hole in the wall of the barrel and to the orifice
member, which may be advantageous, if there are no
separate timing and cut-off holes.

[0016] In Fig. 4b the orifice member 23 is positioned
approximately in the middle of the hole 20, which results
in a smaller chamber, but also in a bigger distance from
the orifice member 23 to the opposite wall of the supply
chamber, where the liquid flowing from the orifice mem-
ber may cause erosion.

[0017] Fig. 4cshows a preferred embodiment of a cut-
off hole 20 provided with an orifice member. The orifice
member 24 is positioned substantially in the middle of
the cut-of hole which in the direction towards the outlet
22 to the supply chamber is designed as a diffusor 25.
The object of the diffusor 25 is to reduce the velocity of
the jet leaving the orifice member. Through a suitable
dimensioning of the orifice member 21, 23 or 24, such
a building up of pressure in front of the orifice member
at the cut-off may be obtained when the cut-off hole is
covered that the cavitation risk is eliminated, and such
adampening of the relief is obtained that the break down
of pressure may take place without substantial pressure
oscillations. An additional dampening may, if desired, be
established by a suitable design of the axial duct in the
plunger.

Claims

1. A fuel injection pump for internal combustion en-
gines, in particular big, slow marine diesel engines,
for supply of a variable amount of fuel to an injection
nozzle positioned in the working cylinder of the. en-
gine, said injection nozzle having a spring-loaded
needle in the nozzle aperture, which pump compris-
es a barrel, in which a plunger with an upper edge
formed between the end surface and the side sur-
face of the plunger and at least one helically extend-
ing oblique cut-off edge, is movable, which oblique
cut-off edge defines a recess in the side surface of
the plunger, which recess is connected through an
axial duct with the end surface of the plunger, and
in which the wall of the barrel has separate sets of
holes for controlling the beginning and the end of
the effective pump stroke, which holes open into a
surrounding supply chamber containing the fuel un-
der moderate pressure, said holes comprising a
timing hole which at the travel of the plunger from
the bottom to the top position is covered by the side
surface of the plunger below the upper edge, and a
relief hole being later uncovered by the oblique cut-
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off edge for diversion of excess fuel at the end of
the effective pump stroke, and in which at least
some of the holes are provided with an orifice mem-
ber with an aperture reduced relative to the cross
section of the hole for providing, during a part of the
travel of the plunger, an increased static pressure
in these holes,

characterized in that the orifice member is placed
in the set of timing holes only.

Patentanspriiche

1. Brennstoffeinspritzpumpe fir Verbrennungsmoto-
ren, insbesondere langsamlaufende GroRdiesel-
motoren flr die Schiffahrt, zur Zufuhr einer veran-
derlichen Menge von Brennstoff an eine Einspritz-
dise, die sich im Arbeitszylinder des Motors befin-
det, wobei die Einspritzdlse eine gefederte Nadel
in der DUsendffnung aufweist, wobei die Pumpe ei-
nen Zylinder umfallt, in dem ein Plungerkolben mit
einer oberen Kante, die zwischen der Endflache
und der Seitenflache des Plungerkolbens gebildet
ist und mindestens einer sich schraubenférmig er-
streckenden schragen Steuerkante, beweglich ist,
wobei die Steuerkante eine Aussparung in der Sei-
tenflache des Plungerkolbens festlegt, wobei die
Aussparung durch eine axiale Leitung mit der End-
flache des Plungerkolbens verbunden ist, wobei der
die Wand des Zylinders getrennte Satze von L6-
chern zur Kontrolle des Anfangs und des Endes des
effektiven Pumpenhubs aufweist, wobei die Lécher
gegeniber einer umgebenden Zufuhrkammer offen
sind, die den Brennstoff unter moderatem Druck
enthalt, wobei die Locher ein Taktungsloch umfas-
sen, das bei der Bewegung des Plungerkolbens von
der unteren zur oberen Position von der Seitenfla-
che des Plungerkolbens unter der oberen Kante be-
deckt ist, sowie ein Entlastungsloch, das spéater
durch die schrage Steuerkante zur Ableitung von
Uberflissigem Brennstoff am Ende des effektiven
Pumpenhubs freigelegt wird, und wobei minde-
stens einige der Locher mit einem Mundungsglied
mit einer Offnung versehen sind, die beziiglich des
Querschnittes des Loches verkleinert ist, um wah-
rend eines Teils der Bewegung des Plungerkolbens
einen erhohten statischen Druck in diesen Léchern
bereitzustellen, dadurch gekennzeichnet, daR
das Mundungsglied nur bei den Taktungsldchern
vorgesehen ist.

Revendications

1. Pompe d'injection pour moteurs a combustion inter-
ne, en particulier de gros moteurs diesel lents fonc-
tionnant en milieu marin, destinée a fournir une
quantité variable de carburant a un injecteur de car-
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burant placé dans le cylindre moteur, ledit injecteur

de carburant comprenant dans son ouverture une
aiguille d'injection a rappel automatique, ladite
pompe comprend une cuve d'aspiration dans la-
quelle peut se déplacer un piston plongeur compor- %
tant un bord supérieur formé entre la surface d'ex-
trémité et la surface latérale du piston plongeur et

au moins un bord découpé oblique, s'étendant de
maniére hélicoidale, ce bord découpé oblique défi-

nit un évidement dans la surface latérale du piston 70
plongeur, cet évidement est relié par l'intermédiaire
d'un conduit axial a la surface d'extrémité du piston
plongeur, et dans laquelle la paroi de la cuve d'as-
piration comprend des ensembles indépendants de
trous destinés a commander le début etlafindela 15
course effective de la pompe, ces trous débouchent
dans une chambre d'alimentation périphérique con-
tenant le carburant soumis a une pression modé-
rée, lesdits trous comprenant un trou de synchroni-
sation qui, lors de la course du piston plongeurentre 20
la position inférieure et la position supérieure, est
recouvert par la surface latérale du piston plongeur
au-dessous du bord supérieur et un trou de déchar-

ge qui est découvert ultérieurement par le bord dé-
coupé oblique pour dévier le carburant en excés a 25
la fin de la course effective de la pompe, et dans
laquelle au moins certains des trous sont pourvus
d'un élément formant orifice ayant une ouverture ré-
duite par rapport a la section transversale du trou

afin de fournir une pression statique plus importante 30
dans ces trous pendant une partie de la course du
piston plongeur,

caractérisé en ce que I'élément formant orifice est
placé dans I'ensemble de trous de synchronisation
uniquement 35
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