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1

This invention relatés to improvements in vane
pumps.

Vane type pumps, when driven by a variable
speed engine, are objectionable in a number of
situations because of the fact that variations in
the speed of operation of the engine will cause
the volume of liquid delivered per unit of time
to vary in accord and with the speed of the
engine. When this type of pump is used in an
hydraulic steering system this objectionable fea-
ture is particularly noticeable. The pump is, of
course, driven by the same engine which propels
the vehicle and must be capable of furnishing
suitable hydraulic power for steering regardless
of the speed at which the vehicle is being driven,
as steering must be done at all speeds. If a
tractor is proceeding at very slow speed the
volume of oil delivered by the pump for steering
purposes may be entirely insufficient to cause
steering. On the other hand, for certain uses,
a vane type of pump may deliver too great a
volume of fluid when the propelling engine is
being driven at a high speed.

Vane pumps of the type with which the pres-
ent invention is concerned are, however, gener-
ally desirable for use in hydraulic systems and
it is, therefore, a general object of the present
invention to provide a structure of the class
described having means whereby a substantially
constant volume of hydraulic fluid per unit of
time is delivered into the pressure line regardless
of the speed of the propelling engine or other
prime mover.

It is a more spemﬁc object of the present inven-
tion to provide in a pump of the class described
having a rotor formed with floating vanes and
having a regulating ring around fthe vanes, means
including .a spring urged plunger for normally
maintaining the regulating ring in a maximum
position of eccentricity with respect to the rotor,
and a piston on said plunger so positioned as to
have one side acted upon by the pressure of fluid
immediately after it leaves the rotor and the other
side acted upon by the pressure of fluid as this
pressure exists in the pressure line, after it has
passed through a restricted orifice of a metering
valve. The piston thus forms.a differential con-
trol which is responsive to changes in speed of
the pump driving engine to cause a substantially
constant volume of hydraulic fluid per unit of
time to be delivered into the pressure line regard-
less of the speed of the vehicle engine and regard-
less of the pressure demand.

A further object of the invention is to provide
a structure as above described in which the
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differential control feature may have mechanism
in common with and be employed in conjuniction
with a positive cut-off means for entirely stop-
ping delivery from the pump in case of abnormal
pressure conditions. The use of positive cut-off
means acting on the pump itself is an improve-
ment over the use of an ordinary relief valve in
the hydraulic circuit. Where the latter is em-
ployed where there is a stoppage in the pressure
line the pump continues to operate and the oil
overheats.

With the above and other objects in view, the
invention consists of the improved vane pump and
all its parts and combinations, as set forth in the
claims and all eguivalents thereof.

In the accompanying drawing illustrating one
complete embodiment of the preferred form of
the invention:

Fig. 1 is a longitudinal sectional view through
the pump casing, fragments of the suction and
pressure lines being illustrated in outside view;
and Fig. 2 is a diagrammatic view in side eleva-
tion showing the pump applied to the hydraulic
steering system of a vehicle.

Referring more particularly to the drawing,
the numeral 5 desighates a main casing portion
having a cylindrical pump chamber 6 therein.
A drive shaft 7 extends axially of the chamber 6
and its ends are suitably journaled in cpposite
ends of the casing 5. One end of the shaft 1
projects externally of the casing and may he
driven by any suitable source, such as a power
take-off 4 from the combustion engine 3 of a
vehicle 3’.. Rotatable with the shaft 7 and posi-
tioned within the chamber 6 is a rotor 8 having
its periphery concentric with the wall of the
chamber 6. )

The periphery of the rotor is formed with an-
gled transversely exiending slots 9 for slidably
receiving vanes {0 as is customary in a vane type
of pump. Surrounding the outer ends of the
vanes is a regulating ring 11, the internal diam-
eter of which is substantially greater than the
external diameter of the rotor & The ring i1 is
a floating ring and in the claims the term “float-
ing ring” means a ring which is free of attach-
ment with the housing.

The periphery of the regulating ring is pro-
vided with a projection #2 which is surrounded
by one end of a coil spring {3. The spring is
seated in & spring pocket 14 in the casing 5.
The spring 13 provides for cushioning of the reg-
ulating ring on one side thereof and the arrange-
ment prevents rotating mmovement of the ring.
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Opposite the spring 13 the regulating ring is en-
gaged by the inner end 5 of a plunger 16.

0il drawn into the pump through the suction
line 1T enters an end of the chamber § through
an arcuate opening 18. This opening is arranged
to direct the oil into the space between the rotor
and regulating ring and between the vanes as
is customary. At the opposite side of the rotor
from the intake opening (8 is an arcuate dis-
charge opening 19 which communicates with an
outlet duct 20 in the casing. '

Connected to the face 21 of a projection 22
from the main casing portion 5 is the end of an
auxiliary casing 23. The auxiliary casing has a
cylindrical pressure chamber 24 therein which
communicates with the inner end of the auxiliary
casing. A bore 25 connects the opposite end of
the auxiliary casing with the cylindrical cham-
ber 24. The extension portion 22 of the main
casing 5 is formed with a bore 26 which commu-
nicates with the cylindrical chamber 24 and
which is in alignment with the bore 25. There
is also a counter-bore 21 connecting the bore 26
with the pump chamber 6 and there is an annu-
lar shoulder 28 between the bore 26 and the
counter-bore 21. The plunger 6 is slidably
mounted in the bore portions 25, 26 and 27 and
is provided with an annular shoulder 28 which
coacts with the bore shoulder 28 to limit inward
movement of the plunger. The plunger is
equipped with piston rings 30, 31 and 32. The
shoulder 29 forms what will be termed a small
piston. Rigidly connected to the plunger and
positioned within the chamber 24 is a large pis-

ton 33 having a piston ring 34 therearound.

‘While all of the piston rings fit snugly in their
respective bores or chambers, there is substantial
clearance between the periphery of the plunger
and the bore portions 25, 26 and 27. A relief
duct 35 connects the outlet duct 20 from the pump
with the clearance space around the plunger and
between the rings 30 and 31.

Connected to the auxiliary casing portion 23
and projecting laterally therefrom is a cup 36 ac-
commodating a spring 31. The inner end of the
spring surrounds a knob 38 projecting from the
outer end of the plunger 16 and serves to nor-
mally urge the plunger to the innermost posi-
tion, as illustrated. The other end of the spring
is engaged by a disk 39 which is connected to the
inner end of an adjustment screw 40. A thread-
ed cap 41 normally covers the projecting end of
the adjustment screw. It is apparent that ma-
nipulation of the screw 40 will vary the tension
exerted by the spring on the plunger 16.

Below the piston chamber 24 in the auxiliary
casing 23 is a reduced pressure fluid chamber 42
which is connected by an orifice 43 of a meter-
ing valve with a transverse duct 44 and with the
discharge duct 20 of the main casing. The trans-
verse duct 44 communicates with the piston
chamber 24 on one side of the piston 33. A
duct 45 connects the chamber 42 with the cham-
ber 24 on the other side of the piston 33,

Threaded into the auxiliary casing 23 is a me-
tering screw 46 which projects through the cham-
ber 42 and has a conical valve end which coop-
erates with the orifice 43 to adjustably regulate
the volume of fluid delivered per unit of time by
the pump into the chamber 42 and into the pres-
sure line 47 leading from the chamber 42.

In use of the pump and with the rotor 8 in
operation, and with the regulating ring positioned
as- illustrated, oil or other hydraulic fluid will
be drawn into the pump through the intake 8
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and will be delivered into the outlet duct 22.
During normal cperation the spring 37 will main-
tain the regulating ring in the eccentric condi-
tion illustrated so that there will be a maximum
delivery from the pump. If, however, abnormal
pressures develop in the pressure line or parts
connected therewith, this pressure will act
through fluid in the duct 25 to urge the small
piston forming portion of the plunger 1§ toward
the left against the tension of the spring and
cut off the delivery of oil. This relief feature is
not claimed to be new by itself.

Where the pump is to be used in an hydraulic
steering system 50 of the vehicle 3’ the parts
are so proportioned and the spring 371 is 50 ad-~
justed by the screw 48§ that the tension of the
spring 37 will resist a pressure of up to 509
pounds per square inch acting toward the spring
37 in the clearance space hetween the rings 3
and 36 and will resist a pressure of up to 30
pounds per square inch acting on the right hand
side of the piston 33.

The metering valve screw 45 is set to permit
flow into the pressure line 47 of a selected vol-
ume per unit of time according to the particular
requirements. In the example which follows the
valve is set to permit a flow of all of the oil that
can be moved when the differential in pressure
between the pressure in the duct 20 and in the
chamber 42 does not exceed 30 pounds.

Assuming that there is 230 pounds per square
inch pressure in the duct 20, and 200 pounds per
square inch pressure in the chamber 42 and pres-
sure line 47, which differential in pressure is due
to the continuous outflow through 47 coupled with
the inability of the orifice 43 to allow more than
a predetermined amount to pass into the line 47
per unit of time, the novel features of the present
invention will prevent this pressure differential
from substantially exceeding 30 pounds regardless
of the speed at which the rotor 8 is being driven.
When the rotor is being driven at relatively slow
speed the regulating ring {1 will be maintained
in the maximum eccentric position, as illustrated.
If the speed of the rotor increases, however, the
excess pressure in the duct 20, due to the restric-
tion of the orifice 43, will act through the trans-
verse duct 44 and on the right hand side of the
piston 33 to move the piston 33 and plunger 16
toward the left against the tension of the coil
spring 37. This movement toward the left, how-
ever, is always counteracted by the pressure of
the oil which has entered the piston chamber 24
on the left hand side of the piston 33 through
the port 45. This pressure acting on the left
hand face of the piston 33 will be the pressure
existing in the pressure line 47. This counteract-
ing pressure acting on the left hand face of the
piston 33 permits movement of the piston toward
the left only a distance which is in direct propor-
tion to the difference in the pressures between
that existing in the duct 20 and that existing
in the chamber 42. The net result will be a
small movement of the piston 33 toward the left
to permit movement of the regulating ring {1 to
a less eccentric position and cause a decrease in
the pumping action and decrease in the volume
of oil flowing from the pump through the meter-
ing valve orifice 43. It is thus apparent that the
differential piston 33 will act to always maintain
a desired pressure differential between the duct
20 and pressure line 41. This, therefore, results
in the delivery of a substantially constant volume
by the pump regardless of the speed of the en-
gine 3 which is driving the rotor 8.
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‘When there is an abnormal pzessure condi-
tion, sueh as would result from a stoppage in the
line 41, then the pressures on the two sides of the
piston 33 will be equal. However, as the rotor
is continuing to rotate, pressure is built up in the
duct 20. Inasmuch as no more oil can pass out
of the line 47 this ircreased pressure will be
transmitted through the ducts 44 and 45 equally
to both sides of the piston 33, However, this in-
creased pressure is also acting on the small pis-
ton-forming shoulder 29 to cause a net movement
toward the left. This permits the regulating ring
il to move to a concentric position and complete-
Iy stop the delivery of oil.

Various changes and modifications may be
inade without departing from the spirit of the
invention, and all of such changes are countem-
plated as may come within the scope of the
claims.

‘What I claim is:

1. In a vane pump having a casing, having a
rofor in said easing provided with movable vanes
projecting from its periphery, having a regulat-
ing ring within said casing normally eccentrical-
ly surrounding said rotor and having its inner
periphery engaged by the outer ends of said vanes
whereby the regulating ring together with por-
tions of the rotor form a work chamber, and hav-
ing a discharge duct leading from said work
chamber, there being a metering orifice of re-
stricted size interposed in said discharge duct,
spring means for biasing said regulating ring to-
ward a concentrie position with respect to said
rotor, means engaging said regulating ring and
including a piston of relatively large size and a
relatively small piston, said relatively large pis-
ton being responsive to changes in the pressure
differential  between the discharge duct on the
two sides of said metering orifice for causing said
pump to deliver a substantially constant volume
of fluid regardless of variations in the driven
speed of said pump, and said small piston being
constantly responsive to abnormal fluid pressure
conditions in said discharge duct to stop delivery
from the pump.

2. In a vane pump, a casing having a pump
chamber, a rotor rotatable in said pump cham-
ber; movable vanes projecting from the periphery
of said rotor; a floating regulating ring within
said casing surrounding said vanes and having
its inner periphery engaged by the outer ends of
said vanes whereby the regulating ring together
with portions of said rotor form a work cham-
ber, said casing having a bore communicating
with said pump chamber, a2 plunger slidable in
said bore and having an inner end engageable
with a peripheral portion of the regulating ring,
resilient means acting on said plunger to normal-
ly urge the regulating ring in one radial direction
to a position of maximum eccentricity with re-
spect to said rotor, means urging said regulat-
ing ring in the opposite radial direction to the
direction in which it is urged by said plunger, a
piston on said plunger, there being a piston cham-
ber in said casing within which said piston is
movable, said work chamber having a discharge
duct leading therefrom and including a metering
orifice, and there being means on one side of said
metering orifice affording constant direct com-
munication between said discharge duct and said
piston chamber on one side of the piston, and
there being means on the cther side of said
metering orifice affording constant direct com-
munication between said discharge duct and said
piston chamber on the other side of said piston.
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3. In a vahe pump, a casing having a pump
chamber, a rotor rotatable in said pump cham-
ber, movable. vanes projecting from the periph-
ery of said rofor,-a floating regulating ring with-
in said easing surrounding said vanes and hav-
ing its inner periphery engaged by the outer
ends of said vanes whereby the regulating ring
together with portions of said rotor form =z
work chamber, said casing having a bore com-
municating with said pump chamber, a plunger
slidable in said bore and having an inner end
engageable with a peripheral portion of the regu~
lating ring, resilient means acting on said
plunger to normally urge the regulating ring
in one radial direction fo a position of maximum
eccentricity with respect to said rotor, means
urging said regulating ring in the opposite radial
direction to the direction in which it is urged
by said plunger, a piston on said plunger, there
being a piston chamber in said casing within
which said piston is movable, said work chamber
having a discharge duct leading therefrom and
including a metering. orifice, and there being
means on one side of said metering orifice afford-
ing eommunication between said discharge duct
and said biston chamber on one side of the piston,
and there being means on the other side of said
metering orifice affording communication with
said piston chamber on the other side of said
piston, the communication afiorded by said last
two means being simultaneous.

4, In a vane pump, a casing having a pump
chamber, a rotor rotatable in said pump cham-
ber, movable vanes projecting from the periph-
ery of sdid rotor, a regulating ring surrounding
said vanes and having its inner periphery en-
gaged by the outer ends of said vanes whereby
the regulating ring together with portions of
said rotor form a work chamber, said casing
having a bore communicating with said pump
chamber, a plunger slidable in said bore and
having an inner end engageable with a periph-
eral portion of the regulating ring, resilient
means acting on said plunger to normally urge
the regulating ring in one radial direction to a
position of maximum eccentricity with respect
to said rotor, means urging said regulating ring
in the opposite radial direction to the direction
in which it is urged by said plunger, a relatively
large piston on said plunger and a relatively
small piston also on said plunger, there being
piston chambers in said pump casing within
which said pistons are movable, said work cham-
ber having a discharge duct leading therefrom
and including a metering orifice, there being a
first passageway on the pump side of said meter-
ing orifice affording constant communication be-
tween said discharge duct and said large piston
chamber on one side of said piston, and there
being a second passageway on the same side of
said metering orifice affording constant com-
munication between said discharge duct and the
chamber for the small piston, and there also be-
ing a passageway on the other side of the meter-
ing orifice affording constant communication be-
tween said discharge duct and the large piston
chamber on the opposite side of the large piston.

5. ITn a vane pump, a casing having a pump
chamber, a rotor rotatable in said pump chamber,
movable vanes projecting from the periphery of
said rotor, a regulating ring within said casing
surrounding said vanes and having ils inner
periphery engaged by the outer ends of said vanes
whereby the regulating ring together with por-
tions of said rotor form a work chamber, said
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casing having a bore communicating with said
pump chamber, a plunger slidable in said bore
and having an inner end engageable with a
peripheral portion of the regulating ring, resilient
means acting on said plunger to normally urge
the regulating ring in one radial direction to a
position of maximum eccentricity with respect
to said rotor, means urging said regulating ring
in the opposite radial direction to the direction
in which it is urged by said plunger, a relatively
large piston on said plunger and a relatively
small piston also on said plunger, there being
piston chambers in said pump casing within
which said pistons are movable, said work cham-
ber having a discharge duct leading therefrom
and including a metering orifice, an adjustable
valve for regulating the discharge from said
metering orifice, there being a first passageway
on the pump side of said metering orifice afford-

ing constant communication between said dis- :

charge duct and said large piston chamber on
one side of said piston, and there being a second
passageway on the same side of said metering
orifice affording constant communication be-
tween said discharge duct and the chamber for
the small piston, and there also being a passage-
way on the other side of the metering orifice
affording constant communication between said
discharge duct and the large piston chamber on
the opposite side of the large piston.

6. In a vane pump having a casing, having
a rotor in said casing provided with movable
vanes projecting from its periphery, having a
floating regulating ring within said casing nor-
mally eccentrically surrounding said rotor and
having its inner periphery engaged by the outer
ends of said vanes whereby the regulating ring
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-together with portions of the rotor form a work

chamber, and having a discharge duct leading
from said work chamber, there being a metering
orifice of restricted size interposed in said dis-
charge duct in said casing, means for driving
said pump at variable speeds, spring means for
biasing said regulating ring toward a concentric
position with respect to said rotor, and control
means for said floating regulating ring including
a member in said casing movably engaging a
peripheral portion of said regulating ring to
cause floating movement of the latter, said mem-
ber having piston mechanism thereon including
two opposed piston faces simultaneously in com-
munication with said discharge duct on both
sides of said metering orifice whereby said mem-~
ber is responsive to changes in the pressure
differential between the duct portions on the two
sides of said metering orifice.
HENRY C. FRENCH.
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