H. GORDON ET AL A 2,229,804

Jan. 28, 1941.

N/MINA\Q\\ Nill AAAARE

8 % \% ) M
77/, RN
N DN




Jan. 28, 1941.

H. GORDON ET AL 2,229,804
. PUMP
Filed April 30, 1938 2 Sheets—Sheet 2
Bydi7 20 3 |

Fig 3. Z
: 1 [ 2

23— \ o 19 6

24— - ——

11 é;/l

1 — ;jl‘j ' 18

13— 16

KX

INVENTORS
U S,

e o

8y «/# W A
FF Hos ot ik

ATTORNMEY




Patented Jan. 28, 1941

UNITED STATES

2,229,804

PATENT OFFICE

2,229,804
PUMP

Hamilton Gordon, Weyburn, Elstead, and Stanley
Herbert Attwood, New Malden, England, as-
signors to Attwood Diesel Equipment Company
Limited, London, England, a British company

Application April 30, 1938, Serial No. 205,336
In Great Britain May 1, 1937

10 Claims.

The present invention relates to pumps, and
has for its chief object to provide an improved
pump for delivering fluid at a pressure which can
be varied instantly, for example, in response to

8 changes in the speed of operation and/or the load
of an engine or in response to other controlling

" factors. .

The invention is more especially directed to the
provision of an improved pump for supplying liq-

10 uid fuel at injection pressure to the one or more
injectors of an internal combustion engine in
which the fuel is admitted to the engine cylin-
ders from a common source at high pressure by
one or more injector valves which are controlled

18 independently of the fuel supply, that is to say,
there is no inter-dependence as between the pump
cycle and the cycle of operation of the injector
valve or valves. Such injector valves may be con-
trolled, for example, mechanically or hydrauli-

20 cally. -

The quantity of fuel admitted to the engine per
Injection In such a system is dependent solely
upon the effective pressure of the fuel, the area
of the passage provided for the fuel past the in-

23 jection valve and nozzle and the period of time
during which the injection valve is open. A sys-
tem, of this kind is therefore quite distinct from
the so-called “jerk” pump fuel injection system
in which the quantity of fuel injected per stroke

30 of the pump plunger is measured in.the pump
and the injection valve is automatically lifted
from its seat when the delivery pressure from the
pump reaches the valve and automatically closes
again under spring pressure at the termination ot

35 the effective delivery of fuel from the pump
cylinder.

There are two problems which arise in connec-
tion with fuel injection systems of the kind first
above referred to. Firstly, to maintain the pres-

40 sure of the fuel on the delivery side of the high
pressure pump at a substantially constant injec-
tion pressure for any engine speed, and secondly,

‘to enable a constant or any desired variable
amount of fuel to be.injected in'spite of speed

45 variations and without altering the duration’.of
opening of the injection valve in relation to the
angular displacement of the crank of the engine.

A turther object of the present invention, the;
fore, is to provide an improved pump which wil]

50 enable the pressure of fuel supplied by the pump:
to be maintained constant for any engine speed.
and which will also enable a constant or-any:
desired variable amount of fuel to be injected in .
spite of variations in engine speed and without-

§5 altering the duration of opening of the injector

(CL 103—41)

valve in relation to the angular displacement of
the crank of the engine.

In one aspect the present invention consists in
a pump comprising in combination, a plurality of
pump plungers, means operable positively for al- &
tering the effective but not the mechanical stroke
of said plungers to vary the output of said pump,
regulating means including a member responsive
to the pressure of the liquid on the output side
of the pump, and adjustable means operatively
connecting said first mentioned means and said
member whereby a predetermined delivery pres-
sure can be selected and maintained.

Preferably the pump comprises a plurality of
radially arranged cylinders in which plungers are 18
disposed for reciprocation in relatively displaced
circles by common driving means to draw liquid
from a common source and to deliver it at pres-
sure to a common receiver and a device for each
plunger which is operable, for example, by rela-
tive rotation between the plunger and cylinder, to
alter the effective stroke of said plunger and
thereby vary the amount of liquid delivered per
cycle of the plunger, the delivery Irom all the
cylinders being controlled by & common control
member.

The regulating means may conveniently com-
prise a regulating plunger, responsive on the one
hand to the fuel pressure on the output side of the
pump and on the other hand to the counter pres-
sure of a spring, and the means for varying the
output of the pump may be operated manually or
automatically to vary the response of the regulat-
ing means in any desired manner. For example,
when the pump is used in a fuel injection system
for an internal combustion engine the regulating
means may be made responsive to engine speed
through speed-governar-actuated means which
will vary the response of the regulating means
automatically in such a manner as to increase
the pressure at which the fuel is delivered by
the pump with rising pump speed, or to maintain
the fuel output pressure constant, or to decrease
the fuel output pressure with rising pump speed
over a predetermined speed range.

The speed-governor-actusted means may be
arranged to vary the sensitivity of the response
of the regulating means through the medium of a
cam form which, when moved by the governor,
serves. to increase the loading, for example, by
means of a compression spring, of the regulating
means with rising pump speed over the desired
speed range. This cam form (which may be
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may also be formed so as to give a relatively high
jnitial delivery pressure from the pump to facili-
tate starting the engine, and to effect a reduction
of the said pressure.to a predetermined lower
pressure for idling of’ the engine and then to ef-
fect an increase of pressure with rising pump
speed. . - .

In order that the present invention may be
more clearly understood and readily carried into
effect reference may now be made to the accom-
panying drawings {llustrating by way of example

. a pump according to the present invention for
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supplying liquid
use in a fuel injection system for an intermal
combustion engine.

In the accompanying drawings:

Tig. 1 is & cross sectional view of the pump.on
the line A—A of Fig. 3,

Fig. 2 is a cross sectional view of the pump on
the line B—B of Fig. 3.

PFig. 3 is a cross sectional view on the line C—C
of Fig. 1, and

Fig. 4 is a cross section on the line D—D of
Fig. 2.

As shown the pumpcomprisesamain pump body
{ of annular form in which three pump cylinders
2 are bored radially so as to extend completely
through the radial thickness of the body. It will
be understood, however, that any desired number
of pump cylinders may be formed in the pump
body . An enlarged circular recess 3 is formed
in the outer periphery of the body at the position
of each pump cylinder 2 so as to embrace both
the pump cylinder and a cavity & sunk into the
pody. adjacent to and parallel with the cylinder.

This cavity houses a spring closed delivery valve:

5 for the cylinder and communicates at its in-

ner end with a groove or high pressure condult

6 common to all the cylinders and which may be
formed in the body of the pump or in a further
body secured thereto and may be connected to the
inlet of mechanically or hydraulically operated

fuel injection valve nozzles of an internal com- -

pustion engine. The recesses are each screw
threaded and sealed by & plug 1 which may be
recessed out if necessary as shown at 8 to estab-

~lish communication between the cylinder 2 and
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the adjacent delivery valve 5. Each cylinder has
a plunger 9 slidable therein and the inner end of
which (that is, the end nearest the centre of the
pump body) is provided with a ball head 10 and
all the ball heads of the plungers are held between
two laterally arranged rings 1{, 12, which are
recessed on their adjacent sides to receive the
said heads. The rings {1, 12, are carried by an
inner ring I3 and are held correctly in place be-
tween a nut 14 and a shoulder {5 on the ring is.
The ring 13 forms part of a roller bearing 16
which runs upon an eccentric |7 the shaft 18 of

which is rotatable in a bearing or bearings in a

side plate or plates applied to the pump body.

1t will be appreciated that the ball head cou-
pling between the plungers 9 and the eccentric
{1 not only allows for the relative mutual dis-
placement, between the ball heads 10 in the hold-
ing rings (i, {2, during operation of the pump
but also enables the plungers 9 to be rotated in-
dividually about their longitudinal axes. Each
plunger 9 is provided with a recess {9 extending
peripherally thereof at a short distance from the
head of the plunger and which is connected by
a passage 20 to the top of the said head and hence
is in communication with the working cylinder
space. This recess has a helically inclined edge

fuel at injection pressures for -
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2§ extending around a portion of the periphery
of the plunger .and which is arranged to co-act
with a suction port 22 in the pump eylinder wall
by overriding the said port during the strokes of
the plunger in such a manner that the effective
suction stroke starts as soon as the inclined edge
overrides the port on the downward movement
of the plunger 9 to establish communication be-
tween the port and the peripheral recess in the
plunger. Similarly the effective delivery stroke
of the plunger comiences &s soon as the inclined
edge completely overrides and shuts-ofi the suc-
tion port 22 during the upward movement of the
plunger. The suction ports 22 of the several
cylinders 2 communicate by means of passage-
ways 28 with a common fuel supply source.

By rotating the plunger § about its longitudinal
axis the point in the delivery siroke of the plunger
at which the inclined edge overrides the suction
port 22 may be varied, hence the smount and
pressure of fuel delivered per cycle of the pump
plunger can be adjusted within a predetermined
range by rotating the plunger. Xor rotating the
plungers ¢ in unison with one another for the
purpose of regulating the amount of fuel delivered
by the pump the inner end of each plunger is pro-
vided with gear teeth 28 extending around & por-
tion of the periphery thereof, the individual teeth

-extending longitudinally of the plunger. A con-

trol ring 25 is rotatably mounted in the pump
body and is provided with gear teeth which mesh
with the teeth on the plungers so that by rotat-

ing the control ring 25 in one direction or the

other all the plungers will be similarly rotated

" in unison and to the same extent, thus providing.

a device by which the amount and pressure of

the liquid delivered by the individual plungers

may be varied in common with one another.

. The means for varying the amount of liquid
delivered per cycle by the plungers 9 of the pump
may comprise any of the well known arrange-
ments employed in connection with jerk pumps
for fuel injection systems. For example, instead
of or in conjunction with the arrangement ahove
described in which the suction port co-operates
with an inclined edge of & recess in the plunger,

_ g similar arrangement could be provided in which

the port is a discharge port so that when the in-
clined edge overrides this port on its upward
movement the pressure in the working chamber
of the pump cylinder is instantly relieved and the
liquid for the remainder of the stroke of the
plunger discharged into a relief conduit. - In both
the arrangements described the inclined edge
could be on the wall of the pump cylinder and
the port in the pump plunger. Also instead of
rotating the plungers, cylinder bushes provided
with teeth at the inner end thereof in lieu of the
teeth on the plungers, could be coupled to the
control ring so that they are rotatable instead of
the plungers, the ports or recesses being then
made in these cylinder bushes.

In arrangements in which the plungers are ro- -

tated to vary the amount of fuel delivered, the
teeth on the plungers, which mesh with those
on the control ring 26 could be provided on sleeves
rotatably mounted in the pump body but not
axially movable and the plungers would then be
free to reciprocate in the sleeves but would be
keyed thereto so as to be rotated thereby upon
movement of the control ring. The control ring
above described is the most convenient form of
common control member for the pump cylinders
and plungers but it is to be understood that any
other form of coupling to a common control
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member may be used as also different forms of
coupling the plungers to a common drive there-
for.

As shown, the groove or high pressure conduit
6 is arranged in communication by means of a
conduit 26 with a cylinder 27 in which a plunger
28 operates under the influence of the delivery
pressure of the pump against the counter pres-
sure of a spring 29, the initial stress of which may
be adjustable; increase of pressure in the groove
or conduit 6 displaces the plunger 28 to an in-
creased extent against the influence of the spring
29 and reduction of delivery pressure causes the
plunger to be moved in the opposite direction by
the spring. In view of the high pressures being
dealt with, the piston surface of the plunger 28
against which the fuel pressure acts may be less
than the cross sectional area of the cylinder 21,
thus enabling the spring 29 to be relatively light.
Furthermore, the plunger 28 is preferably con-
nected to another larger plunger 30 which may
be termed the regulating plunger operating in an
enlarged bore 3.

The regulating plunger 30 is operatively con-
nected to the control ring 25 of the pump in such
a manner that with increasing displacement of
the plunger 30 by the fuel pressure the pump is
regulated to give a reduced output and vice versa
and, other conditions remasaining the same, the
regulator will operate to maintain a substantially
constant pressure of the fuel in the high pressure
conduit or groove § which pressure may be prede-
termined as desired. As shown the operative con-
nection between the regulating plunger 38 and
the control ring 25 for the pump plungers com-
prises a lever 32 one end of which projects into a
slot 33 in the plunger 30 and is mounted upon &
shaft 34 carried by the plunger 30 whiist the other
end is pivotally connected as at 35 to the annular
control ring 25. An arm 36 is connected to the
shaft 34 and has a pin 37 thereon which is adapt-
ed to co-act with a cam form, for example, a cam
form 38 in a rotatable plate 39. The cam form
may be moved to rotate the control ring 28 either
marnually or automatically, as for example by any
suitable form of speed governor such as that de-
scribed in our co-pending patent application
Serial No. 205,337. .

In operation the control ring 25 of the pump
will be actuated both upon displacement of the
cam form 38 produced by rotation of the disc 39

and also upon displacement of the regulating’

plunger 30, and for any particular setting of the
disc 39 the regulating plunger 30 will take up a
mean position under the influence of the fuel

_pressure acting on one side thereof and the pres-

sure of the spring 29 acting on the other side
thereof and will tend to maintain a constant de-
livery pressure corresponding to that setting of
the disc.
another position will vary the effective stroke of
the pump plungers 9 to alter the delivery pressure
of the pump thereby causing displacement of the
regulating plunger 30 to a new mean position cor-
responding to the new position of the disc 39.
Actually these two operations interact so that

the output of the pump is regulated to suit any.

newly adjusted position of the plunger 3¢. The
result is that when the disc 38 is coupled to a
speed-responsive-governor the absolute output of
the pump per injection is maintained substan-
tially constant with increasing speed or vice
versa, it being borne in mind that as the pressure
increases in the high pressure conduit 6 with
increasing speed of operation of the pump and

Subsequent rotation of the disc 39 to

3

therefore of the engine, the amount of fuel dis-
charged from the conduit § per injection, for a
given duration of opening of each injector valve
in relation to crank angle displacement of the
engine, will remain unaltered hecause an appro-
priate adjustment in the pressure will have been
effected to compensate for alteration in absolute
period of opening of the injection valve conse-
quent upon change of engine and pump speed.
Thus, assuming a duration of opening of each
injector valve corresponding to an angular dis-
placement of 10 degrees of the engine crankshaft,
an increase of 50 per cent in engine speed, for
example, due to a relief of the load on the engine,
will cause an approximately 50 per cent increase
in the pressure of the fuel in the high pressure
conduit § and therefore at the injector nozzle,

and approximately the same amount of fuel will’

be injected at the higher engine speed as was
injected at the lower engine speed per engine
cycle.

It will be clear from the foregoing description
that with a given engine speed resulting in a
particular basic setting of the regulating plunger
and for a given “period” of opening of the in-
jector valve or valves in relation to the anguiar

displacement of the engine crankshaft, the regu-

lating means will operate to maintain substan-
tially constant any predetermined injection pres-
sure of the liquid fuel.

Any suitable form of intercoupling between the

-regulating plunger and the pump delivery pres-

sure varying means may be utilised in lieu of
that hereinbefore described. .

The cam form co-operating with the pin 37
may- be given any contour desired to suit par-
ticular requirements and is correlated with the
load rate of the spring 29. An especially advan-
tageous cam form intended for governor actu-
ation in the case of fuel injection pumps is one
which gives a high initial injection pressure, that
is to say, the cam form is arranged to bring about
& sultable displacement of the regulating plunger

. against its spring in the zero position to facilitate

starting of the engine so that with minimum
duration of opening of the injector valve in start-
ing only a minimum quantity of fuel need be
injected because as this is injected at a relatively
high pressure complete atomisation results and
easy starting is ensured. This avoids the dis-
advantage of known injection systems, particu-
larly “jerk” pump systems, in which the effective
injection pressure varles with the speed of the
pump owing to the pump characteristic and is
lowest when the engine is cranked over in start-
ing, and which disadvantage resides in the fact
that it is customary in order to ensure sufficient

- fuel being injected into the engine eylinder for

starting purposes, to depress the “period” con-
trol pedal or lever which results in an unneces-
sarily large amount of poorly atomised fuel being
injected into the engine cylinder with resultant
poor. starting properties due to the excess amount
of fuel abstracting the heat of the compressed
air, and also a smoky exhaust.

The cam form is also preferably such that
when it is moved by the governor running at
idling speed it brings about a displacement of
the regulating plunger to a position correspond-
ing to a reduced injection pressure suited to the
idling speed of the engine and this position of
the regulating plunger may be maintained by
the cam form over a predetermined lower speed
range before increasing the injection pressure
over the higher speed range..
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It is believed that the imiproved pump in ac-
cordance with the present invention makes it
possible for the first time in a fuel injection sys-
tem to maintain the quantity of fuel injected
constant or variable in any desired and definitely
predetermined ratio in relation to speed varia-
tions of the engine for & given angular displace-
ment of the engine crankshaft.

It is further to be noted that the regulating

means provided in accordance with the invention .

is not subject to the defects of those systems in
which a predetermined pressure is maintained by
& relief valve, namely, hunting about the prede-
termined pressure value and even sudden empty-

ing of the high pressure conduit when the valve.

opens due to the kinetic energy developed in the
fuel and the inertia of the valve, and the fact
that even if a small amount of dirt becomes
located between the valve and the valve seating
the entire pressure regulation.is disturbed and
may even be made ineffective. Further, the regu-
lating means operates satisfactorily in spite of
eny wear which may occur on the pump plungers
because the regulating means will automatically
correci the setting of the means for controlling
the delivery volume in the pump to allow for
any such wear.

Although in the foregoing description the pump
according to the present invention has been de-

_seribed in connection with its use in relation to

a fuel injection system for an internal combustion
engine the pump can also be used in connection
with such mechanisms as transmissions for auto-
mobiles, automobile braking systems hydraulic
jacks and other mechanisms.

‘What we claim is:

1. A pump for liquid comprising in combina-
tion, & plurality of pump plungers, means operable
positively for altering the effective but not the
mechanical stroke of said plungers to vary the
output of said pump, regulating means including
a member responsive to the pressure of the liquid
on the output side of the pump, and adjustable
means operatively connecting said first mentioned
means and said member, whereby a predeter-
mined delivery pressure can be selected and
maintained.

2. A pump for liquid according to claim 1 in

which the means for positively varying the output .

of the pump is adjustable manually in addition
to operation by the regulating means.

3. A pump for liquid according” to .claim iin
which the means for positively varying the output
of the pump is adjustable automatically in addi-
tion to operation by the regulating means.

4. A pump for liquid comprising a plurality
of pump plungers, a common receiver to which
liquid is pumped continuously by said plungers,
means operable positively for altering the effec-
tive but not the mechanical stroke of said plung-
ers to vary the output of the pump, regulating
means including a member responsive to the
pressure of the liquid on the output side of the
pump, and means operatively connecting sald
first mentioned means and said member, in com-
bination with cam means for adjusting the basic
setting of the regulating means to alter the out-
put pressure.

5. A pump for liguid comprising a plurality
of radially disposed cylinders, plungers arranged
in said cylinders, common driving means for re-
ciprocating said plungers in relatively displaced
cycles, means for altering the effective but not
the mechanical strokes of said plungers to vary

2,229,804

the amount of liquid delivered per plutiger cycle
for each plunger, and a common control member
operative upon said last mentioned means for
controlling the delivery from all the cylinders.

6. A pump for liquid comprising a plurality
of radially disposed cylinders, plungers arranged
in said ecylinders, common driving means for re-
ciprocating said plungers in relatively displaced
cycles, means for altering the effective buf not
the mechanical strokes of said plungers o vary
the amount of liquid delivered per plunger cycle
for each plunger, a common receiver to which
liquid is pumped continuously by said plungers,
a common control member operative upon said

_last-mentioned means, regulating means includ-

ing a member responsive to the pressure of the
liquid on the output side of the pump and means
operatively connecting sald regulating means and
said- common confrol member, whereby & pre-
determined delivery pressure can be selected and
maintained.

7. A pump for liquid comprising s plurality of
radially disposed cylinders, plungers arranged in
said cylinders, common driving meang for re-
ciprocating said plungers in relatively displaced
cycles, an element rotatably adjustable about
each cylinder axis for altering the effective stroke
of the respective plunger to vary the amount of
liquid delivered per plunger cycle, 2 common re-
ceiver to which liquid is pumped continuously
by said plungers, a common control member ro-
tatable about the axis of the pump driving shaft
and coupled to all said elements, regulating
means including s member responsive to the
pressure of said liquid on the output side of the
pump and means operatively connecting said
regulating means and sald common control mem-
ber, whereby a predetermined delivery pressure
can be selected and maintained. . -

8. A pump for liquid comprising in combina-
tion, a plurality of pump plungers, & common
receiver to which liquid is pumped continuously

‘by said plungers, means operable positively for

altering the effective but not the mechanical
strokes of said plungers to vary the output of the
pump, & regulating plunger, means for subjecting
said regulating plunger on one side to the pres-
sure of liquid on the output side of the pump, a
spring acting on the other side of said plunger
in the opposite direction to said liquid pressure,
and means operatively connecting said regulating

. plunger and said output varying means, whereby

a predetermined delivery pressure can be selected
and maintained.

9. A pump for liquid comprising in combina-
tion, a plurality of pump plungers, a common
receiver to which liquid is pumped continuously
by said plungers, means operable positively for
gltering the effective but not the mechanical
strokes of said plungers to vary the output of the
pump, a regulating plunger, means for subjecting
sald regulating plunger on one side to the pres-
sure of liquid on the output side of the pump, a
spring acting on the other side of said plunger
in the opposite direction to said liquid pressure,
and & bell crank lever pivotally mounted on said
regulating plunger, said lever being connected
at one end to said output varying means and be-
ing operable at the other end to vary the response
of the regulating plunger to variations in the
liquid delivery pressure. '

10. A pump for liquid comprising in combina-
tion, a plurality of pump plungers, & common
receiver to which liquid is pumped continuously
by sald plungers, means operable positively for

10

15

20

30

40

55

60

(]



2,229,804 ‘ S5

altering the effective but not the mechanical
strokes of said plungers to vary the output of the
bump, regulating means including a member re-
sponsive to the pressure of the liquid on the out-
put side of the pump, means operatively con-
necting said output varying means and said

member, and cam means for adjusting the basic
setting of the regulating means to alter the
output pressure.

*HAMILTON GORDON.
STANLEY HERBERT ATTWOOD,



