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This invention has for its obiect to provide a
mechanism whereby a driven reciprocating mem-
ber may be given a variable stroke from a fixed
stroke driving reciprocating member.

The mechanism according to the invention
comprises, in combination, a fixed stroke driving
member mounted to reciprocate in one path, a
driven member mounted to reciprocate in a path
inclined at an angle to that of the driving mem-
ber, an inclined plane, a roller or ball operatively
assoclated with the driving member and with the
plane so that it will roll along the plane as the
driving member reciprocates, said roller being also
operatively associated with the driven member
80 as to reciprocate the same as the level of the
roller on the plane changes, and means for vary-
ing the angle of inclination of the plane.

When the plane is parallel to the path of the
driving member the stroke of the driven member
will be zero. As, however, the angle of ineclina-
tion of the plane to the path of the driving mem-
ber increases, so will the stroke imparted to the
driven member increase. Where the driven
member moves in a path at right angles to that
of the driving member the ratio of the stroke of
the driven member to that of the driving member
is equal to the tangent of the angle at which the
plane is inclined to the path of movement of the
driving member.

The invention is of particular utility for the
purpose of varying the delivery of a fuel injection
bump for use with gas turbines or other types of
internal combustion engines. Normally, in an
injection pump of the plunger and barrel type,
the plunger is reciprocated by a cam contacting
the plunger, directly or through the agency of a
tappet, the plunger being returned on the suction
stroke by a spring, and variation of delivery is
effected by altering the effective stroke of the
plunger (e. g. by means of an adjustable spiil
port) as distinct from its actual stroke.

This method of varying the delivery of. the
bump is not available, in the case of continuous
delivery constant fow pumps of the type compris-
ing two units, delivering into a common delivery
line, the plungers of the two units being driven
by cams shaped to provide a constant rate of flow
in the common delivery pipe at all times in the
cycle. If part of the stroke of the plungers were
rendered ineffective, constant rate of flow would
no longer be cbtained. By utilising the present
invention, however, interposing a roller and
variable angle inclined plane betwsen each cam
and its plunger, the actual stroke of each plunger
can be varied, thereby altering the delivery of
the two unit pump while maintaining a constant
rate of flow. o

England, a company of Great Britain
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Two forms of variable delivery constant flow
hydraulic pump according to the invention will
now be described in detail, by way of example,
with reference to the accompanying drawings, in
which:

Pig. 1 is a side elevation of the first form of
pump,

Fig. 2 is a section on the line IT—IT in Fig. 1,

Fig. 3 is a section on the line III—II1 in Fig, 2,
showing the inclined plane at zero inclination
and the pump plunger at the bottom of the
stroke,

Fig. 4 is a similar view to Fig. 3, but showing the
inclined plane at maximum ineclination and one
of the rollers in the position it occupies with the
associated plunger at the top of its stroke,

Fig. 5 is a view looking in the direction of the
arrow Vin Fig. 1,

Tig. 6 is a vertical section, similar to Hig, 3
but locking in the opposite direction, showing a
modified construction, the plunger being at the
top of ifs stroke and the inclined plane at zero
inclination, angd

Fig. 7 is a view similar to Fig. 6, showing the
plunger at the top of its stroke and the inclined
plane at maximum inclination.

Like reference characters designate like parts
throughout the figures.

The pump shown in Figs. 1-5 comprises four
units, mounted in line, and each comprising a
vertical barrel 1§, in which ig disposed a plunger
H. Fuel is fed under pressure, e. g. at 15 Ibs./-
Sq.-in., to each barrel through an inlet line 12
(Fig. 3) controlled by an inlet valve 13 which is
hormally held closed by a spring 14. As, how-
ever, the plunger Il moves downwards in its
barrel to execute a suction stroke, the pressure
of the fuel in the inlet line 2 causes valve 13 to
open, allowing fuel to enter the barrel through
holes 15 in the valve and a passage I8 in'a mem-
ber 17 constituting a bottom abutment for the

~ spring 14, :

45

50

i

On the upward or delivery stroke of the plunger
i1, valve 13 closes and fuel is forced out of the
barrel 10 through passage 16, holes 15, passages
18 and an annular groove {& into an outlet pipe
20. - As shown in Fig. 5, each outlet pipe 20 con-
tains an outlet valve 21, normally held closed by
a spring 22. On the delivery stroke of the
blunger, the associated valve 2! is forced open
allowing fuel to pass, through holes 23 in the
valve, to a delivery line 24 common to two ad-
joining pumping units and leading to an injec-
tion nozzle.

Reciprocating movement is imparted: to the
plungers {1, as later described, from a ¢am shaft
25, mounted in bearings 26 (Fig. 2) in the pump
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casing 46 and rotated by a suitable source of
power, not shown. Associated with each pair
of adjoining pumping units is a pair of cams 27,
{27. These cams are so shaped, and positioned
in relation to the cam shaft, as to cause the two
pumping units of the pair to maintain a con-
stant rate of flow in the associated common de-
livery line 24.

Associated with each cam is & driving member
28 (Fig. 3) mounted to reciprocate in a path at
right angles to the path of movement of the as-
sociated plunger if. A spring 3{ in the hollow
interior of the driving member 28 holds the same
in contact with its associated cam, and the mem-
ber 28 is guided in its movement by a fixed pin
29 engaging diametrically opposite slots 3¢ in
the member 28,

Associated with each driving member 28 is a
roller 32 which abuts at its right hand side against
shoulders 33 (see Figs. 2 and 4) on the driving
member 28, and has & central waisted portion 34
engaged by a hook-shaped extension 35 of the
driving member. As the member 28 is moved to
the left, as seen in Figs. 2-4, by its cam, the shoul-
ders 33 will push the roller 32 to the left, while
on the return stroke of member 28, the hock 35
will return the roller to the right. The under-
surfaces of the rollers 82 rest on an inclined plane
26, and the waisted portions 34 of the rollers are
able to rise and fall in the hook shaped exten-
sions 35 of the driving members 28, as shown in
Fig. 4, as they roll along the plane 38. The
upper surface of each roller 32 contacts with a
tappet 371, interposed between the roller and a
cap 38 fitted to the lower end of the associated
pump plunger {{. A spring 39, mounted in com-
pression between an abutment 48 and a foot-
piece 81 fitted to the lower end of the plunger
i1, maintains the cap 38 in contact with the tap-
petb 31.

The inclined plane 38 is common to the four
rollers 32, and is constituted by parts cut from
2 body 42 (Fig. 2) having trunnions 43, 44 jour-
nalled in sleeve bearings 45 in the pump casing
&8. To the trunnion 44 is fixed a handle 47 (Fig.
1) by means of which the body 42 may be ro-
tated in the pump casing so as to vary the angle
of inclination of the inclined plane 36 to the di-
rection of movement of the driving members 28.
As shown in Fig. 1, the handle 47 has an index
mark 48 which is movable over a scale 48 on &
quadrant 52, the scale bearing graduations which
show the angle of inclination of the inclined
plane 36 to the horizontal. The handle 47 car-
ries g stud 80 (see also Figs. 6 and 7) which pro-
jects through an arcuate slot §f in the quadrant
52, a nut 56 on a threaded part of the stud 59
serving to hold the handle in adjusted position.

In the position of the handle 47 shown in Fig.
1, the angle of inclination of the inclined plane
36 to the horizontal is zero, as shown In Fig. 3.
Consequently no movement is imparted to the
plungers {{ by the driving members 28 and the
pump delivery is zero. When however the handle

47 is moved from the position shown in Fig. 1, &

the inclined plane will be set at a positive angle
of inclination to the horizontal, and it is shown
in Fig. ¢ as set ab its maximum positive angle of
inclination, namely 45°. Then, as an increasing
radius of cam 27 comes into play, and driving
member 28 moves to the left, the roller 32 will
ride up the inclined plane 36, as shown in Fig. 4,
to impart a delivery stroke to the plunger {1, the
roller 32 riding down the plane 3§, when the driv-
ing member 28 returns to the right, to enable
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the plunger 1 to execute a suction stroke under
the action of spring 89, The amplitude of the
stroke imparted to each plunger, and consequently
the delivery of the pump, will of course be de-
termined by the angle of inclination to the hori-
zontal of plane 36. 'The inclined plane 36 is
formed with a cut-away portion 53 opposite each
driving member 2§, to accommmodate the hook 35
(see Fig. 4) as it moves to the limit of its travel
on the delivery stroke of the plunger.

In the construction shown in Figs. 1-4, the
rollers 2% are concentric with the trunnions 43, 44
when the plungers i1 are at their lowermost posi-
tions in the barrels {8.

As an alternative to providing for variation
of the stroke of the plungers from a fixed datum
point represented by the lowermost limit of travel
of the plungers to their respective barrels, pro-
vision may be made, as shown in Figs. 6 and 1,
for varying the stroke of the piunger from a fixed
datum point represented by the uppermost limit
of travel of the plungers. In this case the centre
apbout which the inclined plane 36 rotates is al-
tered so as to be concentric with the roller 32
when the plunger i1 is at the top of its stroke,
i. e, when the cam 27 is at maximum radius.
When the inclinsd plane is horizontal, as shown
in Fig. 6, rotation of the cam 27 to bring a smaller
radius into play will cause the roller 32 to travel
horizontally, and the plunger (i will execute no
suction stroke, and the pump delivery will be
zero. When, however, the inclined plane 8 is
set, as shown in Fig. 7, at a positive angle of in-
clination to the horizontal, rotation of the cam
97 to bring a smaller radius into play will cause
the roller 32 to ride down the inclined plane,
as shown in chain~dotted lines in Fig. 7, with the
result thas the plunger will execute a suction
stroke of magnitude determined by the inclina-
tion to the horizontal of the plane 36. This is
shown in Fig. 7 at the maximum angle of in-
clination of 45°. As the radius of the cam in-
creases, and the driving member 28 moves to
the right as seen in Fig. 7, the plunger i will,
of course, execute a delivery stroke.

As in the case of Figs. 1-4, the cams asso-
ciated with each pair of adjacent pumping units
are so shaped that whatever the angle of in-
clination of the plane 88 to the horizontal, the
two units will produce 2 constant rate of flow of
fuel in their common delivery line.

The arrangement of Figs. 6 and 7 has the ad-
vantage that, at minimum delivery, the pump
barrels 18 will be nearly empty of fuel, instead of
full as will be the case with the arrangement of
Tigs. 1-4. Consequently, difficulties, arising from
the possibility of cavifation in the fuel due to
trapped air, which is particularly harraful under
minimum stroke conditions, are eliminated. It
differs in detail from that of Figs. 1-4, in that the
hooks {25 on the driving members 28 extend
downwardly instead of upwardly, no cut-away
portions being required in the inclined plans &8 to
accommodate them, in that the fized guide pins
128 engaging slots 139 in the driving members
92 are horizontal instead of vertical, and in that
fixed guide pins 54, engaging slots §5 in the tap-
pets 31, are provided for guiding the movements
of the tappets.

What I claim as my invention and desire to se-~
cure by Letters Patent is:

1. A hydraulic pump, comprising two pumping
units aranged in line and each comprising a bar-
rel having an inlet and an ouflet, a plunger ar-
ranged to execute alternate suction and delivery
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strokes in the barrel, a common delivery line to
receive the discharge from the outlets of the two
barrels, & cam shaft, a pair of cams on the cam
shaf$, a driving member associated with each cam
and arranged to receive reciprocating movement
therefrom as the cam shaft rotates in a path at
right angles to the direction of movement of the
plungers, an inclined plane, and a pair of rollers,
one associated with each driving member, ar-
ranged to move up and down the inclined plane
as the driving members reciprocate, the rollers
being associated cne with each plunger and be-
ing arranged to impart movement to the plungers
as they move in relation to the plane, the in-
clined plane being rotatably mounted so that its
angle of inclination to the path of movement of
the driving member may be varied, and the cams
being shaped so that the plungers will maintain a
constant rate of Aow of liguid in the common de-
livery line.

2. The combination of a housing, a fixed stroke
driving member mounted to reciprocate in rela-
tion to said housing in one path, a variable stroke
driven member mounted to reciprocate in relation
to said housing in a path inclined at an angle to
that of the driving member, a normally stationary
member mounted in the housing and having
thereon a surface normally inclined to the path
of said driving member, a rollable member opera-
tively associated with said driving member and
said surface so that it will roll along said surface
as said driving member reciprocates, said rolla-
ble member bearing against said driven member
and serving to reciprocate the same as the level of
eaid rollable member on said surface changes, and
means for rotating said normally stationary mem-
her in said housing to vary the inclination of said
surface to the path of said driving member.

3. The combination of a housing, a fixed stroke
driving member mounted to reciprocate in rela-
tion to said housing in one path, a variable stroke
driven member mounted to reciprocate in rela-
tion to said housing in a path at right angles to
that of the driving member, a normaliy stationary
member mounted in the housing and having
thereon a surface normally inclined to the vath
of said driving member, a rollable metmber opera~
tively associated with said driving member and
said surface so that it will roll along said sur-
face as said driving member reciprocates, said
rollable member bearing against said driven
member and serving to reciprocate the same as
the level of said rollable member on said surface
changes, and means for rotating said normally

stationary member in said housing to vary the in- ;

clination of said surface to the path of said driv-
ing membper.

4. The combination of a fixed stroke driving
member mounted to reciprocate in one path, a
variable stroke driven member mounted to re-
ciprocate in a path inclined at an angle to that
of the driving member, a housing, a normally
stationary member having thereon a piame sur-
face normally inclined to the path of said driv-
ing member, a roller bearing against both the
driving member and the driven member and
arranged, as the driving member reciprocates,
to move to and fro along said plane surface and
thereby to impart reciprocating movement to the
driven member, and means for rotating said nor-
mally stationary member in said housing to vary
the angle at which said plane surface is inclined
to the path of said driving member.

5. A hydraulic pump comprising a barrel hav-
ing an inlet and an outlet, a plunger mounted
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to reciprocate in the barrel to perform alternate
suction and delivery strokes, a cam, a driving
member reciprocable by the cam in a path in-
clined to the path of movement of the plunger,
a housing, a normally stationary member hav-
ing thereon an inclined plane, a roller engaging
in a slot in the driving member which extends
parallel to the path of movement of the plunger,
said roller being arranged to travel up and down
the plane as the driving member reciprocates
and thereby to impart reciprocating movement
to the plunger, and means for rotating said
normally stationary member in said housing
about an axis transverse to the path of the driv-
ing member to vary the angle of inclination of
said plane to.said path and therefore the stroke
imparted to the plunger.

8. A hydraulic pump comprising a barrel hav-
ing an inlet and an outlet, a plunger mounted
to reciprocate in the barrel to perform alternate
suction and delivery strokes, a cam, a housing,
a driving member reciprocable by the cam in
relation to said housing in a path at right an-
gles to the path of movement of the plunger,
a normally stationary member in said housing
having thereon an inclined plane, a roller con-
tacting the driving member and arranged to
travel up and down the plane as the driving
member reciprocates and a tappet interposed be-
tween the roller and the plunger and serving to
reciprocate the plunger as the roller moves up
and down the plane, said normally stationary

‘member being rotatable in said housing so as %

vary the inclination of said plane to the path of
moverent of the driving member.

7. A hydraulic pump as claimed in claim 86,
in which the roller is formed with a waisted por-
tion and the driving member has a shoulder
abutting against the roller and a hook engag-
ing the waisted portion of the roller, said shoul-
der serving to move the roller in one direction
in relation to the plane and said hook serving to
move the roller in the other direction in relation
to the plane.

8. A hydraulic pump as claimed in claim 5,
in which the roller, when the plunger is in posi-
tion to start its delivery stroke, is coaxial with
the axis of rotation of said normally stationary
member.

9. A hydraulic pump as claimed in claim 5,
in which the roller, when the plunger is in posi-
tion to start its suction stroke, is coaxial with
the axis of rotation of said normally stationary
member.

10. A hydraulic pump comprising a pump cas-
ing, a barrel having an inlet and an outlet, a
plunger mounted to reciprosate in the barrel to
perform alternate suction and delivery strokes,
2, cam, a driving mermber reciprocable by the cam
in the pump casing in a path inclined to the path
of movement of the plunger, a stroke-adjusting
member, trunnions on the stroke-adjusting mem-
ber by which said stroke-adjusting member is
mounted for rotation in the pump casing about
an axis transverse to the path of said driving
member, said stroke-adjusting member having
thereon a plane surface, a roller engaging in a
slot in the driving member which extends paral-
1el to the path of movement of the plunger, said
roller being arranged to travel along said plane
surface as the driving member reciprocates and
thereby to impart reciprocating movement to
the plunger, and a lever fixed to one of said
trunnions externally of the pump casing, said
lever constituting a manual operating member
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for rotating said stroke-adjusting member to
vary the delivery of said pump.

11. The combination of a housing, a ﬁxed.

stroke driving member, mounted to reciprocate in
the housing in one path, a cam for imparting
reciprocating movement to said driving member,
a variable stroke driven member mounted to
reciprocate in the housing in a path inclined at
an angle to that of the driving member, a stroke
adjusting member angularly adjustable in said
housing and having thereon a surface normally
inclined to the path of said driving member,
and a rollable member, engaging a slot in said
driving member which extends parallel to the
path of said driven member, and arranged, as
the driving member reciprocates, to roll to and
fro along said surface and thereby to impart
to the driven member, in all positions of said
stroke-adjusting member in which the surface

10

15

thereon is inclined to the path of the driven
member, reciprocating movement which is con-
tinuous throughout the cycle of rotation of the
cam and varies in effective stroke in accordance
with the angular adjustment of said stroke-ad-
justing member.

THOMAS EDWARDS.
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