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UNITED STATES PATENT OFFICE 
2,600,633 

CONSTANT VOLUMEWARIABLE SPEED 
DRIVEN VANEPUMP 

Henry C. French, Elm Grove, Wis., assignor to: 
The Heil Co., Milwaukee, Wis, a corporation of 
Wisconsin 
Application February 5, 1949, Serial No. 74,758. 

6. Claims... (CI. 103-120) 
1. 

This invention relates:to improvements incons 
stant volume variable: Speed driven. Vane pumpS. 

Vane.type pumps, when driven by a variable 
speed engine, are objectionable in a number oi. 
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 accordance. With the Speed Of the engine. 
When this type of pump is used in anhydraulic 
steering system this objectionable feature:is par 
ticularly... noticeable. The pump is of course, 
driven by the same: engine. Which propels: the 
vehicle and must be capable of furnishing Suit 
able. 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 proceedings 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 presents 

invention is concerned are, however, generally 
desirable for use in hydraulic systems and it is, 
therefore; a general object of the present inven 
tion to provide a structure of the class-described 
which is an improvement over the structure. 
shown and described in my prior application. 
Serial No. 628,435, filed-November 14, 1945 and 
which provides means: whereby a substantially. 
constant, volume of hydraulic fluid per units of 
time is delivered into the pressure-line regard 
less of the speed of the propelling: engine; or 
Other prime: nover. 

It is a more specific objects of the present in 
vention, to provide in a pump of the class: de 
scribed having a rotor formed with floating:Vanes 
and having a regulating ring around the:Vanes, 
means: whereby there is ariatural thrust on the 
regulating ring due to oil pressure in the pump. 
chamber. in a direction toward the plunger to: 
thereby make it unnecessary to semploy...a heavy. 
springito urgethe-regulating:ring in this direc 
tion. Thus during, operation of the pump less, 
power is taken to overcone... the tension of the 
spring and there is less possibility of overheat 
ing taking place in the discharge duct. 
A. further object of , the invention is to pro 

vide astructure as above described. Wherein there. 
is a differential piston to cause the plunger: to 
normally exert, as thrusts against the regulating. 
ring in a direction...to counteracts the natural 
thrustireferred to in the paragraph above; 
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2. 
A further object of the invention is to provide. 

a : pump where there is thrust bearing means 
Supporting...the regulating ring on oneside: there: 
of So that pressures will act on the ring in a rec 
tilineal direction only, 
With the above. and other, objects in view, the 

invention consists: of the improved vane pump; 
and all its parts and combinations, assetiforth, 
in the claims, and all equivalents thereof; 
In the accompanying, drawing, illustrating: one: 

complete embodiment of the preferred forms of: 
the invention, in which the same reference.nu 
merals: designate; the same parts in all of the 
views: 

Fig. 1 is a longitudinal sectional view, through: 
the pump casing taken approximately on the line. 
- of Fig. 2; 
Fig. 2 is a sectional view, taken approximately, 

on the line. 2-2 of Fig. 1; and 
Fig. 3 is a diagrammatic view inside elevation. 

showing the pump;applied to-the-hydraulic-steer. 
ing system of a vehicle. 

Referring more, particularly to the drawing. 
the numeral 5 designates a main casing portion 
having a cylindrical pump-chamber 6therein: A 
drive shaft.T extends axially, of the chamber 6. 
and its ends, are suitably journalled-in opposite. 
ends of the casing. 5 as at 8, and 9. One end iO, 
of the shaft projects-externally of the casing and 
may be driven by any suitable source-such as the 
power takeoff from the combustion engine. 
f 2 of a vehicle 3 such as a tractor. (see Fig.1). 
Rotatable - with the shaft. 7 and positioned. 

within the chamber 6, is a rotor 4 having...its: 
periphery concentric with the wall-of-the-cham 
ber 6. 
The periphery of the rotor is: formed with 

angled transversely extending slots- 5 for slid 
ably receiving vanes 6, as is customary in a vane. 
type of pump. Surrounding: the outer ends of 
the vanesis a regulating ring 7, the internal di. 
ameter of which is substantially greater than the 
external diameter of the rotor: 4 
One peripheral portion of the regulating:rings 

is contacted by a relatively light weight coil 
Spring 8. The latter is accommodated in the: 
hollow stem portion 9s of a screw. 20 and the 
Screw is threaded through the wall of the casing: 
5. and has an exteriorly accessible; ends.sos. that 
the pressure: exerted on the regulating:ring by. 
the spring.8 may be varied. 

Positioned approximately 90° from the spring: 
8 is a carriages 2 having a concaveisurfacepor 

tion 22 to fit the peripheral portion of the regulate 
ing:ring:as shown in Fig. 2. The carriage:isimoval 
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able in the directions indicated by the arrows on 
balls 23 or other anti-friction members. The 
latter are Suitably interposed between the car 
riage and a Supporting block 24. A Swingable 
link 25 which is pivotally associated with both 
the carriage and block connects the two members. 
Due to the slotted pivot 26 in the block, rectilineal 
movement of the carriage on the anti-friction 
balls 23 is permitted. A suitable cover 27 Sur 
rounds the anti-friction balls and said cover may 
have side loops 28 through which sides of the link 
25 pass. The assemblage of the carriage 2, anti 
friction members, and block 24 comprises a thrust 
bearing assembly. The block 24 is connected by 
bolts 29 or other suitable means with an exter 
nally accessible plate 30, and the latter is detach 
ably connected by bolts 3 with a tubular exten 
sion 32 of the casing 6. 
Opposite the Spring 8, the periphery of the 

regulating ring is engaged by the inner end 33 
of a plunger 34. 

Oil drawn into the pump through the suction 
line 35 enters an end of the chamber 6 through 
an arcuate port 36. This opening is arranged to 
direct the oil into the Space between the rotor and 
regulating ring and between the vanes as is cus 
tomary. On the opposite side of the axis of 
rotation of the rotor from the intake port 36 is 
an arcuate discharge port 37 which communicates 
With an outlet passageway 38 leading through a 
passageway 39 and through an orifice 64 to a 
reduced pressure fluid chamber 40. It is impor 
tant to note that the gaps 4 and 42 between the 
ends of the arcuate ports 36 and 37 are located 
off of the center lines - of Fig.2 about 10°-15°. 
By this arrangement, the natural thrust on the 
regulating ring, due to the oil pressure in the 
pump chamber, extends in the direction indicated 
by the arrow O, which is at light angles to the 
center line of the gaps 4 and 42, rather than at 
right angles to the center line -. Due to the 
fact that movement toward the left, referring to 
Fig. 2, is prevented by the carriage 2, the oil 
thrust indicated by the arrow o is resolved in a 
rectilineal direction toward the end 33 of the 
plunger 34. This force, therefore, supplements 
the force exerted by the Spring 8 and eliminates 
the necessity of using a strong Spring. 
Connected to a side portion of the casing 5 by 

bolts 43 is an auxiliary casing 44. The auxiliary 
casing has a cylindrical pressure chamber 45 one 
end of which communicates through a bore 46 in 
the casing 5 with the pump chamber 6. A bore 
47 connects the outer end of the auxiliary casing 
with the other end of the chamber 45 and the 
bore 47 is in axial alinement with the bore 46, 
but is of less diameter. 
The plunger 34 has an inner portion of a diam 

eter to fit the bore 46 and has an outer portion 
of reduced diameter to fit the bore portion 47. 
Piston rings 48 and 49 are positioned in grooves 
in the plunger portions to form oil Seals while 
permitting reciprocating movement of the plung 
er. Carried by an intermediate portion of the 
plunger and positioned within the chamber 45 is 
a disc-like piston 50 having a peripheral oil Seal 
ing ring 5 seated in a peripheral groove in the 
usual manner. Due to the difference in the 
diameters of the plunger portions it is obvious 
that the inner face 52 of the piston has leSS area, 
than the outer face 53 to create a differential 
piston arrangement. The plunger is formed with 
a longitudinal duct 54 which communicates with 
the outer end of the plunger and also through 
transverse ducts 55 at its inner end with the pump 
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4 
chamber 6. These ducts open the chamber for 
the spring 57 to the chamber which Surrounds 
the regulating ring so that the spring chamber 
is under a negative pressure the same as the 
chamber which surrounds the regulating ring 7. 
The latter chamber is under a negative pressure 
because it is in communication with the line 35 
by means of the duct 70 as shown in Fig. 1. 
Connected to the outer end of the auxiliary 

casing portion 44 and projecting therefrom is a 
cup 56 accommodating a Spring 57. The inner 
end of the spring engages a washer 58 which 
surrounds a reduced outer end portion 59 of the 
plunger 34. The spring, therefore, Serves to nor 
mally urge the plunger inwardly to the position 
illustrated. The other end of the Spring engages 
a disc 60 and the disc is acted upon by the inner 
end of an adjustment screw 6. A threaded cap 
62 normally covers the projecting end of the ad 
justment Screw. It is apparent that manipula 
tion of the screw 6 will vary the tension exerted 
by the spring 57 on the plunger 34. 
The reduced pressure fluid chamber 40 con 

municates through an annular duct 63 with that 
side of the piston chamber 45 which is adjacent 
the large face 53 of the piston. The chamber 40 
is also connected by an orifice 64 of a metering 
valve with the oil passageway 39. 
Threaded into the auxiliary casing 44 is a 

metering screw 65 which projects through the 
chamber 40 and which has a conical valve end 
adapted to cooperate with the orifice 64 to ad 
justably regulate the volume of fluid delivered 
per unit of time by the pump into the chamber 40 
and out through the outlet line 66 (see Fig. 3). 
In use of the pump, the rotor 4 being in opera 

tion and the regulating ring being positioned as 
illustrated in Fig. 2, oil or other hydraulic fluid 
will be drawn into the pump through the intake 
port 36 and will be ultimately delivered under 
pressure into the outlet port 37. During opera 
tion the spring 57 Will urge the regulating ring 
toward the eccentric condition illustrated in Fig. 
2 in which there is a maximum delivery from the 
pump. 
Where the pump is to be used in a hydraulic 

steering system 7 of the vehicle 3 (see Fig. 3) 
the parts are so proportioned and the Spring 5 
is so adjusted by the screw 6 that the tension 
of the spring 57 Will resist a pressure up to five 
hundred pounds per Square inch acting toward 
the spring 57. The pressure referred to is that 
created by the oil in the pump chamber, which 
as before explained has a natural tendency to 
urge the regulating ring toward the plunger 34, 
plus the pressure exerted by the Spring 8, plus 
the pressure exerted by the oil which flows 
through the bypass 67 to act on the inner face 52 
of the piston 50. 
The metering valve screw 65 is Set to permit 

flow into the pressure line 66 of a selected volume 
per unit of time according to the particular re 
quirements. In the example which follows, the 
valve is set to permit a flow of all the oil that 
can be moved when the differential in pressure 
between the pressure in the passageway 39 and 
that in the chamber 40 does not exceed three 
hundred pounds. 
Assuming that there is 230 pounds per Square 

inch pressure in the passageway 39 and 200 pounds 
per square inch pressure in the chamber 40 and 
in the pressure line 66, which differential in pres 
sure is due to the continuous outflow through the 
line 66, together with the inability of the Orifice 
64 to allow more than a predetermined amount 
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to pass into the line 66 per unit of time. The 
present invention will prevent this pressure dif 
ferential from substantially exceeding 30 pounds 
regardless of the speed at which the rotor f4 is 
being driven. When the rotor is being driven at 
relatively slow speed, the regulating ring T will 
be maintained in the maximum eccentric position 
as illustrated. If the speed of the rotor increases, 
however, the excess pressure in the duct 39 due to 
the restriction of the orifice 64 will act on the 
face 52 of the piston 50, and together with the 
spring 8, will serve to overcome the tension of 
the spring 57 and move the plunger 34 and piston 
50 outwardly toward the spring 57. This move 
ment, however, is always counteracted by the 
pressure of the oil against the other face 53 of 
the piston. This pressure acting on the large face 
53 will be the pressure existing in the pressure 
line 66. This pressure will permit outward move 
ment of the piston only a distance, which is in 
direct proportion to the difference in the pressures 
between that existing in the passageway 39 and 
that existing in the chamber 40. The net result 
will be a small movement of the piston outwardly 
to permit movement of the regulating ring to 
a less eccentric position and cause a decrease in 
the pumping action and a decrease in the volume 
of oil flowing from the pump through the meter 
ing valve orifice 64. It is thus apparent that the 
differential piston 50 will act to always maintain 
a desired pressure differential between the pas 
sageway 39 and the pressure line 66. This will, 
therefore, result in the delivery of a substantially 
constant volume, by the pump regardless of the 
speed of the engine 2 which is driving the rotor 
4, 
By having the gaps 4 and 42 between the ends 

of the ports 36 and 37 positioned 10-15° off of 
the centerline - of Fig.2 as illustrated, there 
is a natural oil thrust existing in the Space be 
tween the rotor 14 and regulating ring tending 
to aid the spring fB in moving the regulating ring 
toward the plunger 34 and against the tension 
of the spring 57. This natural thrust is due to 
the fact that there is a greater percentage of 
the length of the outlet duct 37 toward the 
plunger 34 so that the discharge pressure of the 
oil is resolved in a direction to act toward the 
plunger. Thus a light spring 18 may be used with 
the result that when the pump is operating nor 
mally, less power is taken to overcome the tension 
of the spring t8. Also there is less tendency for 
overheating in the discharge duct. - 

In addition, by having the differential faces on 
the piston 50, the plunger 34 can exert a thrust 
against the regulating ring to counteract the 
thrust caused by the off-center position of the 
ports 36 and 37. Thus a balance is obtained on 
the two sides of the piston making a very sensi 
tive arrangement. 
By means of the thrust bearing carriage 2, 

thering is so supported on one side as to cause all 
movement due to natural oil thrust to be resolved 
in a rectilineal direction toward the plunger 3, 
various changes and modifications may be 

made without departing from the Spirit of the 
invention, and all of such changes are content 
plated as may come within the scope of the 
claims. 

claim: 
1. In a vane pump having a rotor provided With 

inwardly directed peripheral recesses, having a 
freely rotatable, floating regulating ring normally 
eccentrically surrounding said rotor, having fluid 
impelling members movable inwardly and out 
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6. 
wardly in said rotor recesses with their outer ends 
engageable with the inner: periphery of the regu 
lating ring, and having a casing provided with a . 
pump chamber, there being inlet and outlet ports 
in an end of Said pump chamber, Said pump hav 
ing a discharge duct leading from Said discharge 
port and there being a metering orifice of re 
stricted size interposed in said discharge duct, 
means for driving said pump at variable Speeds, 
and control means for said regulating ring in 
cluding a plunger movably engageable with a 
peripheral portion of said regulating ring, said 
plunger having differential piston mechanism 
associated therewith responsive to changes in the 
pressure differential between the duct portions on 
the two sides of said metering orifice, and a 
thrust bearing having a concave part shaped to, 
fit and engageable with a peripheral portion of 
said ring which is opposite said inlet port, said. 
thrust bearing including a carriage mounted for 
movement in a direction parallel to the axis of 
said plunger, the inlet and outlet ports being SO 
located with respect to the axis of said plunger 
that the discharge pressure of oil in the pump. 
chamber exerts a natural thrust on the regulat 
ing ring in a direction to cause movement of the 
ring and thrust bearing carriage toward the 
plunger. 

2. In a vane pump having a rotor provided with 
inwardly directed peripheral recesses, having a 
floating regulating ring normally eccentrically. 
surrounding said rotor, having fluid impelling 
members movable inwardly and outwardly in said. 
rotor recesses with their outer ends engageable 
with the inner periphery of the regulating ring, 
and having a casing provided with a pump cham 
ber, there being an arcuate inlet port in an end 
of said pump, chamber extending for less than. 
180°, and there being an arcuate discharge port 
in said end of the pump chamber, also extending. 
for less than 180 and of substantially the same 
length as said inlet port, there being a gap be 
tween one pair of adjacent ends of said arcuate. 
ports and there being a diametrically oppositely 
disposed gap between the other ends of said ports, 
said pump having a discharge duct leading from 
said discharge port, and there being a metering. 
orifice of restricted size interposed in said dis 
charge duct, means for driving said pump. at 
variable Speeds, and control means for said regu. 
lating, ring including a plunger movably engage 
able with a peripheral portion of said regulating. 
ring, said plunger. having differential piston 
mechanism aSSociated thereWith responsive to 
changes in the pressure differential between the 
duct portions. On the tWo sides of Said metering 
orifice, Said gaps between the ends of the inlet. 
and Outlet ports being. So located out of a linement. 
With the axis of said plunger that the discharge 
pressure of oil in the pump chamber exerts, a 
natural thrust in a predetermined direction, and 
means for directing movement of the regulating: 
ring. Which is in response to... said thrust, toward 
the plunger. 

3. In a vane pump having a rotor provided with 
inWardly directed peripheral recesses, having a 
floating regulating ring normally eccentrically 
Surrounding said rotor, having fluid impelling 
members movable inwardly and outwardly in said 
rotor recesses With their Outer ends engageable 
with the inner periphery of the regulating ring, 
and having a casing provided With a pump cham 
ber, there being an arcuate inlet port in an end 
of Said pump chamber extending for leSS than 
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180°, and there being an arcuate discharge port 
in Said end of the pump chamber also extending 
for less than 180° and of substantially the same 
length as said inlet port, there being a gap be 
tween one pair of adjacent ends of said arcuate 
portS and there being a diametrically oppositely 
disposed gap between the other ends of said ports, 
Said pump having a discharge duct leading from 
Said discharge port and there being a metering 
Orifice of restricted size interposed in said dis 
charge duct, means for driving said pump at vari 
able Speeds, and control means for said regulating 
ring including a plunger movably engageable with 
a peripheral portion of said regulating ring, said 
plunger having differential piston mechanism 
asSociated therewith responsive to changes in the 
pressure differential between the duct portions on 
the two sides of said metering orifice, and gaps 
between the ends of the inlet and outlet ports be 
ing SO located out of allinement with the axis of 
said plunger that the discharge pressure of oil 
in the pump chamber exerts a natural thrust in 
a predetermined direction, a thrust bearing hav 
ing a carriage engaged by the periphery of Said 
regulating ring, said carriage being mounted for 
movement in a direction parallel to the axis of 
Said plunger and being positioned to direct move 
ment of the regulating ring which is in response 
to said thrust, toward the plunger. 

4. In a vane pump having a rotor provided with 
inWardly directed peripheral recesses, having a 
freely rotatable, floating regulating ring normally 
eccentrically Surrounding said rotor, having fiuid 
impelling members movable in Wardly and out 
Wardly in Said rotor receSSes With their Outer 
ends engageable With the inner periphery of the 
regulating ring, having a casing provided with a 
pump chamber, and having a discharge duct lead 
ing from Said pump chamber, there being a 
metering orifice of restricted size interposed in 
said discharge duct, means for driving said pump 
at variable speeds, means engageable With a pe 
ripheral portion of said regulating ring to urge 
Said ring in one radial direction, means engage 
able with an opposite peripheral portion of Said 
regulating ring to urge the ring in the Opposite 
radial direction and including a differential 
piston responsive to changes in the pressure dif 
ferential between the duct portions on the two 
sides of said metering orifice due to changes in 
the speed of said driving means for causing Said 
pump to deliver a substantially constant Volume 
of fluid regardless of variations in the driven 
speed of the pump, and a thrust bearing having 
a concave part positioned to fit and be engaged 
by a peripheral portion of the regulating ring 
which is located intermediate the two regulating 
ring urging means, said thrust bearing having a 
rectilineally movable carriage portion in contact 
With the regulating ring. 

5. In a vane pump having a rotor provided with 
inWardly directed peripheral recesses, having a 
regulating ring normally eccentrically Surround 
ing said rotor, having fluid impelling members 
movable inwardly and OutWardly in Said rotor re 
cesses with their outer ends engageable With the 
inner periphery of the regulating ring, having a 
casing provided with a pump chamber, and hav 
ing a discharge duct leading from Said pump 
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8 
chamber, there being a metering orifice of re 
Stricted size interposed in said discharge duct, 
means for driving said pump at variable speeds, 
means including a spring for urging said ring in 
One radial direction, and means engageable with 
a peripheral portion of said regulating ring to 
urge the ring in an opposite radial direction from 
the direction in which it is urged by said first 
mentioned means and including a piston having 
oppositely disposed faces of different area re 
Sponsive to changes in the pressure differential 
between the duct portions on the two sides of 
said metering orifice due to changes in the speed 
of said driving means for causing said pump to 
deliver a Substantially constant flow of fluid re 
gardless of variations in the driven speed of the 
pump, there being means on the pump side of 
Said metering orifice affording communication 
between said discharge duct and the side of the 
piston chamber adjacent the Smaller face of the 
piston, and there being means on the opposite 
side of said metering orifice affording communica 
tion between the discharge duct and the Side of 
the piston chamber adjacent the larger face of 
the piston. 

6. In a vane pump, a Casing having a pump 
chamber and having a bore communicating With 
said pump chamber, a rotor rotatable in said 
pump chamber, vanes projecting from the pe 
riphery of said rotor and mounted for inWard and 
outward movement, a regulating ring Surrounding 
said vanes and having its inner periphery en 
gaged by the outer ends of Said vanes, a plunger 
slidable in said casing and having an inner end 
engageable with a peripheral portion of the regul 
lating 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, resilient means urging 
said regulating ring in the opposite radial direc 
tion to the direction in Which it is urged by Said 
plunger, a piston on said plunger intermediate the 
length thereof having oppositely disposed faces 
of different area, there being a piston chamber in 
said casing within which said piston is movable, 
said pump chamber having a discharge duct lead 
ing therefrom and including a metering orifice, 
and there being means on the pump side of Said 
metering orifice affording communication be 
tween said discharge duct and the side of said 
piston chamber adjacent the Smaller face of the 
piston, and there being means on the opposite 
side of said metering orifice affording communica 
tion. With the side of the piston chamber adjacent 
the larger face of the piston. 

HENRY C. FRENCH. 
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