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This invention relates to a device adapted to regulate
the delivery of fuel injection pumps by varying the length
of stroke of a pump plunger which is driven by a rotary
cam, If the length of stroke of the pump plunger is short,
the plunger, during its suction stroke, can only draw in
a correspondingly small amount of fuel, which amount
will be delivered by the pump during the subsequent
delivery stroke; if the length of stroke of the pump plunger
is greater, a correspondingly larger amount of fuel will
be drawn in and delivered by the injection pump. In a
fuel injection pump of the type in question, the length
of stroke of the pump plunger is adapted to be varied
by a rocker serving to limit the length of the suction
stroke, the said rocker being adjustable, the arrangement
being such that the initial position before each suction
stroke and thus the length of stroke of the pump plunger
can be varied. The regulation of fuel delivery by suitable
variations in the position of the rocker limiting the length
of the suction stroke of the pump plunger is effected by
means of a control device provided either with a delivery
rate adjusting member or with a speed selector lever, the
said control device having the function of limiting the
idling or the maximum speed of the associated internal
combustion engine or to maintain constant, independ-
ently of the. torque at any given moment, the speed
that was preselected by means of the speed selector lever.
The actuation of the fuel delivery adjusting member or
the selection of the desired speed by means of the speed
selector lever is effected in the conventional manner by
the operator of the internal combustion engine. The
said control device includes a speed transducer driven by
the internal combustion engine, the output force of the
said transducer effecting the required adjustment of the
said rocker forming the abutment by which the length
of the suction stroke is limited. The restoring force of
the speed transducer is influenced by the position of the
fuel delivery control member or that of the speed selector
lever.

Upon completion of the suction stroke of the pump
plunger, i.e. at the moment at which the plunger comes
to abut the stroke limiting member, a very large force
is exerted on the siroke limiting member, this force being
partly produced by the plunger restoring spring and partly
by the pump plunger which is being acted upon the pres-
surized fuel. These large forces acting on the stroke
limiting member while the pump plunger abuts the limit-
ing member also act upon the said control device and the
speed transducer, thus causing a deflection of the speed
transducer; this is then reflected in an undesirable change
in the speed of the internal combustion engine. In order
to cbviate this drawback, it has been customary to use

- a speed transducer producing a very large output force
in order to render the transducer as insensitive as possible
to the restoring forces produced by the pump plunger.
However, a speed transducer of this type is of considerable
size and as a result of this it is necessary to provide a
larger and correspondingly more expensive pump hous-
ing; moreover, even the use of a speed transducer of the
type mentioned will not completely eliminate the said
reaction of the pump plunger and the accompanying
undesirable influence on the preselected speed of the
enging,

According to the invention, in a device adapted to
regulate the rate of fuel delivery of a fuel injection pump
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by varying the length of stroke of the pump plunger
driven by a rotary cam, wherein the initial position of
the pump plunger before each delivery stroke is deter-
mined by the angular position of a rocker forming an
abutment serving to limit the length of the suction stroke
of the plunger, there being associated with the injection
pump a speed transducer whose output signal is a func-
tion of engine speed, the said drawbacks are eliminated
by the provision, for the purpose of transmitting to the
suction stroke limiting rocker the output force of the
speed transducer, a two-armed bell crank lever having a
longer arm abutting the free end of the pivotally mounted
rocker, and having a shorter arm cooperating with a
control member which is mechanically connected to the
speed transducer, the arrangement being such that, while
the pump plunger abuts the rocker, the said bell crank
Iever and control member cooperate in the manner of a
locking mechanism. This arrangement is adapted fo re-
lieve the speed transducer of the restoring forces of the
suction stroke limiting rocker transmitted therethrough
from the plunger, the result being that it is possible to
use a speed transducer adapted to produce a smaller out-
put force, the speed transducer having correspondingly
smaller dimensions.

According to another important feature of the inven-
tion, the speed transducer may be in the form of a spring-
loaded centrifugal governor comprising a control sleeve
adapted to be slidably displaced by centrifugal weights,
the said conirol member being attached to or formed in-
tegrally with the control sleeve, The control member may
also take the form of a rotary cam adapted to be moved
angularly by the speed transducer by way of a suitable
transmission arrangement. Furthermore, the control
member may take the form of a sliding member which
is provided with a control surface, and which is adapted
to be displaced rectilinearly by the speed transducer by
means of a suitable transmission arrangement.

Other objects and features of the invention wil! become
apparent as the description proceeds, especially when
taken in conmjunction with the accompanying drawing,
illustrating several preferred embodiments of the inven-
tion, wherein:

FIG. 1 is a fragmentary longitudinal sectional view
of a fuel injection pump; and

FIGS. 2 and 3 are detail views showing two further
embodiments of the control member.

The fuel injection pump 1 shown in FIG. 1 includes
a pump plunger 3 adapted to be driven by a rotary cam
2. The rotary cam 2 formed on the pump drive shaft
4 drives the pump plunger 3 by way of a roller type
tappet 5, a bell crank lever 6 and a second tappet 7, the
plunger 3 being provided with a return spring 8.

The rate of fuel delivery of the injection pump is regu-
lated by varying the stroke length of the plunger. For
this purpose, there is provided, for cooperation with the
plunger 3, a suction siroke limiting member in the form
of a single-armed rocker 9, the angular position of the
rocker 9 determining the starting position of plunger 3
before each individual delivery strocke. The angular po-
sition, at any given moment, of suction stroke limiting
member 9 which is pivotally mounted on an eccentric 19
is determined by a control device whose function it is to
maintain constant the speed of the associated internal
combustion engine independently of the load imposed on
the engine, the desired engine speed being preselected by
means of a speed selector lever 11. ‘

A complete description of the use and operation of
member 9 is disclosed in applicant’s copending U.S. ap-
plication Serial Mo. 368,509, filed May 19, 1964.

The device of the invention includes a conventional
speed transducer constituted, for example, by a centrifu-
gal governor 12 provided with a restoring spring 13. For
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the purpose of driving the centrifugal governor, there is
provided on the pump drive shaft 4 a gear wheel 14 mesh-
ing with another gear wheel 36 formed integraily with the
housing 15 of the centrifugal governor. Sipported by the
shaft 17 of the centrifugal governor is the cup-shaped
housing 33 of the governor in which are suspendeid
the centrifugal weights 18, the cylindrical skirt 29 of hous-
ing 15 forming an abntment serving to limit the outward
defiection -of the centrifugal weights. Each of the cen-
trifugal weights 28 carries a lug 2§ overlapping a thrust
plate 21 which is freely rotatable on the governor shaft
17, the thrust plate 23 being supported by an antifriction
throst ball bearing 22 on that side of the bearing which is
remote from a tubular governor sleeve 23 which is axially
slidabie along the governor shaft.

The restoring force required for the centrifuizal weights
19 is provided by a coil spring 24, the end of spring 24
facing the centrifugal weighis abutting a flange 25 of the
control sleeve 23, the other end of spring 24 resting against
an abutment 26 slidably carried by the control sleeve. - For
the purpose of varying the axial position of abutment 26,
there is provided a lever 27 rigidly attached to a shaft 2
supported for rotation within the housing of the fuel in-
jection pump, the lever 27 carrying a pin 29 engaging in
an annular groove 38 extending along the periphery of
“abutment 26. The shaft 28 extends outwardly through the
wall of the pump housing and carries on its external end a
speed selector lever 1 which may be connected by a suit-
able iinkage (not shown) to a hand- or foot-cperated actu-
ating lever provided at the operator’s position.

For the purpose of transmitting the output signal of the
centrifugal governor to the suction stroke Iimiting mem-
ber 9, there is provided a beli crank lever 33 which is piv-
otally mounied on a pin 34 carried by the pump housing,
the shorter arm 32a of the bell crank lever cooperating
with a substantially frustoconical control member 35 car-
ried by the control sleeve 24. I will be undersiood that
it is also possible to provide a conirol sleeve one end of
which is formed to constitute the control member. . The
longer arm 33b of bell crank lever 33 cooperates with the
adjacent end of the stroke limiting member 9.

The bell crank lever 33, together with the contrel mem-
ber 35 carried by the control sleeve 23 constitutes a lock-
ing mechanism which is adapted to lock the centrifugal
goverhor in its respective position as long as the suction
stroke limiting member is lcaded by the pump pluager.
Thus, it is only with the suction stroke limiting member
being relieved of its load that the centrifugal governor
can assume a different position, the output force of the
governor in this case being required to overcome only its
inherent mechanical resistancs, the resistance of bell erank
lever 33 and the resistance of the stroke limiting member
6. Therefore, it will be sufficient to provide a centrifugal
governor producing a relatively small output force, such a
governor having smaller dimensions than usual and thus
requiring but Little space in the pump housing.

FIG. 2 shows a modified embodiment in which the long
arm 33b of the bell crank lever which is supported for
rotation about the pivot 34 rests against the suction stroke
limiting member 9, whilst the short arm 334 of the bell
crank lever cooperates with a rotary cam constituting the
control member 37. The control member or rotary cam
37 is rigid with a shaft 38 which is angularly positioned
by a suitable speed transducer by way of a {ransmission
arrangement.

FIG. 3 shows another modified embodiment in which
the short arm 33a of the bell crank lever cooperates with
a conirol surface 38 of a control member 49 taking the
form of a sliding member. The sliding member 49 is sup-
ported for sliding rectilingar motion by guide tracks 41,
the sliding member being adapted to be displaced by the

speed transducer by way of a plunger 42 and a suitable
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transmission arrangement {(aot shown). - Again, the bell
crank lever, together with the rotary cara 37 of FIG. 2 or
with the sliding member 48 of FiG. 3, respectively, forms
a locking mechanism adapted to lock the speed transducer
in its fespective position as long as the suction siroke limit-
ing member is ioaded by the pump plunger 3, it being
understood that the speed transducer, as shown in FIG
1, takes the form of a centrifugal governor or an hydrau-
lic or a magnetic speed transducer. It will be understood
from the foregoing that, in similarity to the embodiment
of FIG. 1, the sveed transducer asscciated with the em-
bodiment of FIG. 2 or of FIG. 3, respectively, can only
assume a different position after the suction stroke limit-
ing member has been relieved of its load. :

The foregoing disclosure and drawings-are merely iilus-
trative of the principles of this invention and are not to be
interpreted in a limiting sense. The only limitations are
to be determined by the scope of the appended claims.

What is claimed is:

1. A device adapied to regulate the rate of fuel deliv-
ery of a fuel injection pump by varying the stroke length
of a pump plunger which is adapted to be driven by a
rotary cam, the starting position of the pump plunger be-
fore each delivery stroke being dstermined by the respec-
tive position of a rocker mounted on a pivot and censti-
tuting an abutment serving to limit the length of the
suction stroke of the plunger, said pivot being adjustable
independently of engine speed there being provided a
speed transducer responsive to the speed of the associated
internal combustion engine, wherein there is provided,

“for the purpose of transmitting the output force of the

speed transducer to the suction stroke limiting rocker, a
two-armed bell crank lever having a long arm resting
against the free end of the pivotally mourted rocker, and
having a short arm adapted to cooperate with a control
member mechanically connected to the said speed trams-
ducer, the said bell crank lever and the said control mem-
ber being adapted to act as a locking mechanism as long
as the pump plunger abuts the said rocker.

2. The device of claim 1, wherein the said speed trans-
ducer is constituted by a spring-loaded centrifugal gover-
nor including & control sieeve adapted to be rectilinearly
displaced by the centrifagal weights of the governor, the
said control member being mounted on the said control
slceve.

3. The device of

ber is int iy formed with the said control sleeve.
4. The device of claim 1, wherein the said control mem-
ber has the form of a rotary cam adapted to be displaced
angnlarly by the said speed transducer through the me-
dium of a transmission arrangement.

5. The device of claim 1, wherein the said control mem-
ber is constituted by a siiding member having formed
thereon a control surface, the sliding member being
adapted to be rectilinearly displaced by the said speed
transducer through the medism of a transmission arrange-
ment.

claim 2, whersin the said control mem-
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