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1. 

This invention relates to improvements in re 
Ciprocal vane rotary pumps and more particu 
larly concerns novel volume control for pumps 
of this type. 
An important object of the present invention 

is to control the displacement of a variable dis 
placement rotary pump by effecting movement 
of a displacement modulator automatically re 
Sponsive to variations in pressure created by 
the pump itself. 
Another object of the invention is to provide 

for the automatic rotary adjustment of a modula 
tor ring of a variable displacement pump to 
maintain a Substantially constant mean pressure 
at the output or high pressure side of the pump. 
A further object of the invention is to provide 

improved control means for automatically shift 
ing the nodulator of a reciprocal vane type of 
variable displacement rotary pump directly re 
Sponsive to the pressure of the high pressure side 
of the pump in operation and working against 
a mechanical pressure determining medium. 

Still another object of the invention is to pro 
vide an improved constant pressure variable dis 
placement, pulp. Which is Self-controlling as to 
displacement so as to be capable of substantially 
constant pressure output in Spite of many Op 
erating variables arising in the course of opera 
tion. 
Other objects, features, and advantages of the 

present invention will be readily apparent from 
the following detailed description of certain pre 
ferred embodiments thereof taken in conjunc 
tion with the accompanying drawings in which: 

Figure 1 is a fragmentary sectional detail view 
through a variable displacement pump embody 
ing the principles of the invention; 

Figure 2 is a fragmentary Sectional detail view 
taken substantially on the line I-II of Fig 
lure i, 

Figure 3 is a fragmentary sectional elevational 
detail view of a modified form of the pump and 
control means therefor; 

Figure 4 is a sectional elevational detail view 
of a further modified variable displacement pump 
and control means. 
A pump () (Figs. 1 and 2) embodying one form 

of the control according to the present invention 
comprises a rotor mounted concentrically on 
a drive shaft 2 and radially slotted to accom 
modate a series of radially reciprocable impeller 
vanes 3. The rotor and the vanes 3 are of 
well known type wherein the inner ends of the 
vanes ride against respective guide rings 4 with 
in circular respective clearance pockets or cavi 
ties 5 in the opposite sides of the rotor , the 
ring and cavity at only one side of the rotor being 
shown in Figure 1. 
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In the operation of the pump the guide rings 

f4 maintain the outer ends of the vanes 3 in 
a common circle concentric With a circular pump 
chamber bearing face 7 eccentric to the axis of 
the rotor and provided by a modulator men 
ber 8 operatively encircling the rotor. In the 
present instance the modulator 8 comprises a 
generally ring-shaped member encompassed by 
a circular bearing surface 9 with which a Com 
plementary circular external peripheral bear 
ing surface 20 of the modulator and eccentric 
to the internal pump chamber surface and 
is in slidable bearing relation. The circular bear 
ing surface 2 may be formed in a casing or hous 
ing 2. By reason of the eccentricity of the coop 
erating bearing Surfaces S and 20 to the pump 
chamber Surface it, rotary movement of the 
nodulator 8 will cause eccentric adjustment of 
a pump chamber space 22 intervening between 
the eccentric chamber bearing Surface and the 
opposing periphery of the rotor . This alters 
the pumping displacement relationship of the 
pump chamber area, 22. With respect to a gen 
erally kidney-shaped inlet port, 23 and a sini 
larly shaped outlet or delivery port 24. In the 
Condition disclosed in Figure 1, the position of 
the modulator ring 8 is the predetermined maxi 
nunn displacement relationship to the high pres 
sure or discharge port 24. By shifting the modul 
lator ring 8 clockwise as viewed in Figure 1 the 
pumping displacement will, of course, be dimin 
ished until a minimum displacement condition is 
obtained. 
In order to control maximum rotary displace 

ninent adjustment movement of the modulator 
ring 8, the bearing Surface 20 of the ring is pref 
erably formed with an arcuate control slot or 
recess 25 into which projects a stop member or 
vane 2 from the opposing wall or face 9 of the 
casing 2 ?. The length of the control recess deter 
maines the limits of rotary adjustment movement 
of the modulator ring, the Stop Vane 2 engaging 
a stop shoulder 28 at one end of the recess 25 
to determine the condition of maximum displace 
ment and being engageable with a stop shoulder 
29 at the opposite end of the control recess to 
determine the condition of minimum displace 
ment. 
According to the present invention, the modul 

lator member 8 is automatically controlled dur 
ing operation of the pump to assume that par 
ticular displacement position relative to the rotor 

at any given time which will maintain a sub 
stantially mean output pressure in the outlet 
port 24 at the high pressure side of the pump. 
To this end, means are provided comprising a 
servo-control member 39 which is responsive to 
pump-created pressure to actuate the displace 
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ment control member or modulator 8. In the 
form shown in Figures 1 and 2, the control mem 
ber 3 comprises a relatively small spur motor 
gear having teeth 3 arranged to mesh with con 
plementary gear teeth 32 formed as an arcuate 
rack in the outer periphery of the modulator ring 
3 as best seen in Figure 1. The control gear 

3 is preferably disposed substantially centered 
between the ends of the inlet and outlet ports 
23 and 24 and is housed within a chamber 33, the 
Wallis of which closely Surround the control geai? 
in relatively close slidable bearing relation 
throughout the major extent of the gear periph 
ery and at one side of the gear. The axis of 
the gear chamber 33 is so disposed that the por 
tion of the chamber adjoining the modulator 
bearing wall 9 opens toward the periphery of 
the modulator Sufficiently to assure efficient 
meshing of the gear teeth 3 with the modulator 
teeth 32. 

Extending axially from one side of the control 
motor gear 3 is a stem 34 projecting into an 
access opening 35 in the casing 2 and through 
a narrow closure plug disk 37 providing a sub 
stantially fluid tight retaining wall for the edges 
and side of the control gear. Desirably a bush 
ing bearing 38 is provided for the stub shaft or 
Stein 34. 
Means are provided for normally biasing the 

gear 38 rotatably to maintain the modulator ring 
8 normally in its position of maximum dis 

placement. Herein Such means compriseS a. 
Spiral torsion spring 39 encircling the portion of 
the stub shaft 34 projecting out from the closure 
disk wall 3. The inner extremity of the torsion 
Spring 39 is engaged within an appropriate radial 
aperture 48 in the Shaft 34 while the opposite 
eXtremity of the Spring engages within an ap 
propriate aperture A in the Outer face of the 
closure disk 3. The weight, tension and loading 
of the Spring 39 are predetermined to maintain 
the control gear 30, through the medium of the 
Stub shaft 34, under predetermined torsional load 
and bias normally tending to drive the control 
gear 3 clockwise as viewed in Figure 1 to main 
tain a corresponding counter-clockwise bias on 
the modulator ring 8 toward maximum pump 
displacement as limited by the stop vane 27 en 
gaging the stop shoulder 28. 
The calculated torsional bias of the spring 33 

Substantially equals the predetermined mean 
greSSure Value for Which the pump is to be rated, 
aid means are provided for Subjecting the Con 
trol gear 38 as a fluid motor to the influence of 
the pressure side of the pump so that when the 
predetermined mean pressure is exceeded the 
Control gear will operate in opposition to the tor 
SiOn Spring bias to adjust the position of the 
nodulator 8 and reduce the pump displacement 
and thereby the output pressure of the pump and 
Substantially re-establish the mean ouput pres 
Sure. To this end, a pressure duct 42 leads frorin 
the high pressure side of the pump at the outlet 
port 24 to a pressure cavity or enlargement 42d, 
in the gear chamber and exposes to pump pres 
Stre the rack teeth 32 and the gear teeth 33 in 
the ZOne where they diverge due to curvature of 
the members and acting upon the gear and rack 
teeth dynamically in opposition to the spring 
bias Of the control gear. As and to the extent 
that the pump pressure thus overcomes the tor 
Sional bias of the Spring 39 and turns the motor 
gear 3, the modulator ring fB and the pump 
displacement are diminished until pressure bal 
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4. 
ance is attained and the pump output is again 
at its mean value. 
A fitid bleed-off cavity or enlargement 43 of 

the gear chamber at the opposite side from the 
cavity 2c, has a fluid return suction duct 44 lead 
ing therefrom to the low pressure inlet port 23 
so that as fluid passes over into the cavity 43, it 
will be displaced to the low pressure side of the 
pump until the pressure in the outlet port 24 
drops to a value below the Spring bias preSSure 
and reversal of the control gear and modulator 
occurs to increase pump displacement. Thus, it 
will be apparent that the servo-control gear 3 
will be efficiently sensitive and responsive to fluid 
pressure imposed thereon peripherally through 
the high pressure duct 42 in opposition to the 
bias spring 39 and within the limits determined 
by the rotary adjustment stop 2 cooperating be 
tween the stop shoulders 28 and 29 in defining 
the range of adjustment Oscillation of the rotary 
nodulator 8. 
In the modification of Figure 3, a reciprocal 

wane rotary pump 58 of Substantially the same 
construction as the pump is is provided with a 
different form of Servo-control means operative, 
however, similarly to the servo-control means 
for the pump 2 to adjust the displacement rela 
tionship of a nodulator member to the rotor of 
the pump automatically in response to pump 
created pressures substantially in excess of the 
nean pump output preSSure for Which the pump 
is rated. The pump 56 comprises a rotor 5 
mounted concentrically on a drive shaft 52 and 
is equipped with radially reciprocal purap Vanes 
33, the inner ends of which aire in engagement 
With control rings & While the outer ends are 
in siidable bearing engagement with a circular 
purp chamber bearing Wall 55 eccentrically 
related to the periphery of the rotor i and af 
fording a puimp chamber displaceinent area ade 
quate for the purpose of the pump. An inlet 
port 5 and an outlet port, 58 cominnunicate with 
the purp chamber space. The purp chamber 
is provided by a modulatoi ring 39 Which is en 
compassed by a circular bearing Surface 6), and 
in slidable bearing relation to which is a circular 
outer peripheral bearing Surface 3 on the ring 
and eccentrically related to the punp bearing 
channel Surface 53. The bearing Surface SO 
may be formed in a suitable casing or housing 62. 

Pump displacement is modified by rotary 
lovement of the modulator ring 59 within limits 

defined by a stop vaine 63 projecting from the 
bearing wall 66 into an arcuate slot or recess 
provided in the Outer periphery of the inodula 
tOr ring aid defined at its opposite ends by re 
spective stop shoulders 65 and S7. Thus, when 
the nodulator ring is noved to its extienne coun 
ter-clockwise rotary position as determined by 
the stop vane 83 engaging the stop shoulder 65, 
the pump is in its maximum displacement con 
dition. When the Chodulator 59 is rotated clock 
Wise to the init defined by engagement of the 
stop sihoulder 6 with the stop vane 63, the pump 
is in its mininuin displacement condition. 

Adjustament of the modulator ring 59 to main 
tain pinp displacement automatically in accord 
with a predetermined rated mean output, pres 
Sure of the pump while the pump is in operation 
COrprises a fuid-driven servo-control notor 
including a plunger or piston 68 which is slid 
ably reciprocable in a cylinder bore S in the 
housing or casing 62 and disposed substantially 
tangential to the modulator chamber as defined 
by the bearing Wall 60. Appropriate end por 
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tions of the cylinder bore 69 extend beyond the 
point of tangential intersection so that a set 
of rack teeth. on the pistOn 68 will mesh and 
coact with a Series of complementary gear teeth 

On the periphery of the modulator ring by 
reciprocal movements of the piston. 
Means are provided for normally biasing the 

pistOn 83 to drive the modulator 59 counter 
clockwise as viewed in Figure 3 into its position 
of maximum pump displacement as defined by 
the stop Vane 63 engaging the stop shoulder 65, 
Such means therein comprising a coiled heli 
cal compression spring 72. One end of the Spring 
2 engages about a guide boss or stud 73 co 

axial With the right end of the piston 68 as 
Viewed in Figure 3 while the opposite end of the 
Spring engages about a stationary Stud or boSS 
74 projecting inwardly from the end wall of 
the cylinder chamber 69. The weight, com 
preSSion characteristics and loading of the Spring 
2 are Such that a biasing force is afforded of a 
magnitude equal approximately to a predeter 
mined mean fluid output pressure of the pump 
aS developed in the Output port 58 and transmit 
ted by Way of a duct 75 to act upon the end of 
the piston 68 opposite the spring 72. The Spring 
housing portion of the cylinder chamber 69 is 
relieved through a duct 77 communicating with 
the inlet port 5 of the pump. Thus, the spring 
i2 urges the piston 68 toward the left as viewed 
in Figure 3 to maintain the modulator 59 in its 
Inaximum counter-clockwise position of rotation 
aS defined by the Stop Vane 63 and Wherein the 
pUInp is in its condition of maximum displace 
ment. 
When during operation of the pump, pressure 

developed therein exceeds the predetermined 
mean Output preSSure for Which the pump is 
rated, the excess pressure is reflected through 
ducts 75 on the free end of the piston 68 and the 
piston is noved in Opposition to the bias of the 
Spring 72 and the modulator ring 59 is rotated 
clockwise to the extent which will afford a pres 
Sure balance Wherein the pump displacement is 
reduced sufficiently so that the predetermined 
mean pressure pump output is substantially re 
Sumed and maintained. Since the Servo-control 
piston 68 is afforded a Substantial range of recip 
rocal movement consistent With the full range 
of Oscillation permitted the modulator ring 59, 
it will be observed that the mean output pres 
Sure of the pump is maintained Substantially 
constant Over a large range of possible tendencies 
tOWard deviation from Such mean Output pres 
Se 
In Figure 4 is shown a pump 80 which is 

Substantially the same in its operating details 
as the pumpS and 56 but has a modified Setwo 
control engagement. In the pump 80 a rotor 
8 is mounted concentric with a drive Shaft, 82 
and has a Series of radia. Vanes 83 With the inner 
ends thereof in engagement With control rings 
84 While the outer ends of the Vanes have slid 
able bearing, pumping impeller engagement With 
an inner circular pump chamber bearing Surface 
85 disposed eccentrically to the rotor 8 on an 
encircling modulator ring 8 and which is in 
turn rotatably slidably Supported eccentrically 
by a bearing surface 88 afforded by a housing 
or casing 89. An inlet port 90 and an outlet 
port 9 communicate with the eccentric pump 
chamber afforded between the rotor and modul 
lator ring. Pump displacement is controlled by 
rotary movement of the modulator ring 87 So that 
a maximum displacement with respect to the 
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6 
outlet port 9 is attained in substantially the 
counter-clockwise relative relationship of the 
modulator ring 8 as shown in Figure 4, while 
minimum displacement is in effect when the 
modulator ring is turned clockwise as viewed in 
Figure 4. In the present instance the limits upon 
rotary or oscillating movements of the modulator 
87 are defined by a radial vane member 92 which 
projects from the periphery of the modulator 
ring into an arcuate clearance recess or chain 
ber 93 in the Surrounding housing 89. 
In the present instance, the Oscillation range 

controlling vane 92 serves also as a part of a 
fluid notor SerVO-control System for automati 
cally adjusting the modulator ring 8 for dis 
placement control in response to pump created 
preSSures deviating from a mean pump pres 
Sure output. To this end, the vane 92 makes 
relatively close bearing, Substantially fluid seal 
ing slidable contact with the Walls defining the 
clearance grooves 93. Means for biasing the 
Vane 92 into the maximum displacement posi 
tion of the modulator 87 comprises a coiled, heli 
cal compression Spring 94 which is preferably 
Curved. On an arc generally parallel to the ad 
jacent periphery of the modulator 8 and has 
One end engaged about a pin 95 projecting from 
the Surface of the vane 92 while the opposite 
end of the Spring is engaged about a stationary 
pin. Or boSS 97 which projects from the engaged 
end wall defining the clearance groove 93. The 
Opposite end wall of the clearance groove 93 or 
the vane S2 has a protruding stud or boss 98 
which affords a stop for the wane 92 Under the 
impulse of the biasing Spring 94 and affords a 
definite clearance into which the mouth of a 
preSSure duct 99 opens to conduct pressure fluid 
from the outlet port 9 into the Space at the 
Side of the Vane 92 opposite the biasing spring. 
The biasing Spring 94 is of a weight, resiliency 

characteristic and compression loading to ex 
ert a biasing pressure against the vaine S2 which 
Will normally maintain the modulator 8 in its 
position of maximum punp displacement with 
a force equal to a predetermined mean output 
preSSure for the pump. Hence, until the mean 
preSSure is exceeded at the high pressure side 
of the pump as reflected by way of the com 
Inunication duct 99 on the fluid pressure side of 
the Wane 92, the biasing spring 94 will maintain 
the modulator ring in its maximum displace 
ment position. However, upon the output pres 
Sure being exceeded, the fluid pressure acts upon 
the control vane 92 in opposition to the biasing 
Spring 94 to shift the vane and thereby the modul 
lator ring 8 to decrease the pump displacement 
and thus effect a balanced condition wherein the 
meal. Output preSSure is Substantially resumed. 
For pressure relief of the spring housing cham 
ber portion of the clearance groove 93, a fiuid 
duct is communicates with the spring-engaged 
end of the chamber and the inlet or low pres 
Sure port 9. It will be observed that in the 
minimum displacement position of the nodula 
tor 8 where it has been rotated by the pump 
preSSure in Opposition to the biasing spring 
94 in a clockwise direction as viewed in Figure 4, 
the pin or boSS members 95 and 9 will serve as 
limiting stops. 

It will be observed that in all forms of the in 
Wention the predetermined pressure value is a 
function of a biasing means Operating normally 
to maintain a modulator member in a maximum 
displacement position with respect to the pump 
rotor. In each instance a servo-control or fluid 
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operated motor acting in opposition to the bias 
ing means automatically shifts the modulator 
to decrease the pump displacement and thus 
maintain a predetermined mean pressure at the 
high pressure or output side of the pump by con 
trolling the volume of fluid displaced by the 
Olip. 
An important aspect of the present pump con 

Struction resides in that the displacement con 
trol mechanism has a great mechanical advan 
tage Over the forces to be controlled and thus 
hunting innay be eliminated and the imbalance 
forces within the pump itself may be ignored. 
the Only force Within the pump that night tend 
to combat stable control is the frictional drag 
Of the Vanes against the inner o' pump cham 
ber Surface of the control ring or modulator. 
This is a readily calculatable value and can be 
used as a datin line above which the control 
Spring becomines effective in the calculations en 
tering into the engineering of a pump of the 
present type enbodying the invention for any 
particular Size or predetermined operating fac 
tors. 

It Will, of course, be understood that various 
details of this disclosure may be Varied over a 
Wide range without departing from the principles 
of the invention, and it is, therefore, not the 
purpose to limit the patent, granted hereon other 
Wise than necessitated by the Scope of the ap 
pended claims. 

i claim aS Iny invention: 
1. In combination in a variable displacernent 

pump of the character described, a fluid displac 
ing rotor, a nodulator providing a pulp cham 
ber Ornaliy ecceiatrically disposed relative to 
the rotor and Within which the rotor is opera 
tive to displace fiuid through the pump cham 
ber, Said modulator being mounted for adjust 
ment relative to the rotor to vary the relative 
fiuid displacement eccentricity of the pump 
chaimber and the rotor in operation, a portion of 
the modulator having a rack, a spur gear hy 
draulic motor having teeth meshing with said 
rack, a torsion Spring acting oil said gear to bias 
the same northaily in one direction for maintain 
ing the nodulato' in cine position, and hydraulic 
inaeans cooperatively related to the spur gear for 
driving the Spur gear in the opposite direction 
fro) in Said Spring bias when the modulator is to 
be shifted from said one position. 

2. In combination in a variable displacement 
pump Of the character described, a fluid displace 
ment rotor, a nodulator providing a pump cham 
ber inormally eccentrically disposed relative to 
the rotor and within which the rotor is operative 
to displace fluid through the pump chamber, 
lileans providing a Suction passage communicat 
ing With the low pressure side of the pump chain 
her, ineans providing a high pressure pump output 
paSSage comilunicating with the high presure side 
of the punp chanicer, said modulator being 
aounted for adjustinent relative to the rotor to. 
Vary the relative fluid displacement eccentricity 
of the pump chainber and the rotor in operation, 
ineans enclosing the modulator and providing a 
notor chamber opening toward the modulator, 
a motor meiber in said motor chamber coacting 
With the portion of the modulator exposed to 
Said notor chamber for shifting the modulator to 
way Said fuid displacement eccentricity, said 
notor chariber being Substantially isolated from 
both of Said passages but having a fluid passage 
duct communicating With the suction passage 
and operative at One Side of the motor member 
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and a second fluid duct communicating with 
the high preSSure paSSage and active on the 
Opposite side of the motor member, Said motor 
member being responsive to the low pressure on 
Said. One Side, and the high pressure on the other 
side for movement in Said notor chamber and 
thereby acting to shift the modulator toward 
decrease in displacement eccentricity of the punp 
chamber relative to the rotor, and a spring nor 
nally acting on said one side of the motor 
member and in opposition to the high pressure 
communicated to the motor chamber through 
Said high preSSure duct to resist movement of 
the notor member under the influence of high 
preSSure created by the rotor in operation. 

3. A variable displacement pump as defined in 
claim 2, wherein the Inotor member comprises 
a Spur gear rotatably mounted in Said motor 
chamber and coacting with the modulator by 
meshing With rack teeth thereon, and said spring 
comprises a torsion Spring attached at one end 
in Stationary relation to Said enclosing means 
and at the other end attached under torsional 
bias to the Spur gear notor inenber, With the 
full torsional bias of the Spring operatively acting 
On the low pressure (Said one) side of the spur 
gear motor member. 

4. A variable displacement pump as defined in 
claim 2, wherein the motor member comprises a 
reciprocable plunger Slidably sounted in the 
motor chamber which for this purpose comprises 
an elongated cylinder bore in the enclosing means, 
the coaction of the plunger inleinoer with the 
modulator being through the medium of respec 
tive meshing rack teeth. On the plunger and the 
modulator periphery, and the Spring coiprises 
a coiled compreSSion Spring disposed under bias 
ing compression by thrusting at One end against 
an end Wall defining the low pressure side of 
the pump chamber and the opposite end thrust 
ing against the end of the plunger notor member 
comprising the low preSSure (Said one) side of 
the motor member. 

5. A variable displacement pump as defined in 
claim 2, wherein the motor member comprises a 
Vane mounted in coacting relation with the 
periphery of the modulator and projecting into 
the motor chamber to divide the motor chamber 
into Said high preSSure and low pressure sides, 
and the Spring comprises a coiled compression 
Spring thrusting at One end against a station 
ary Wall defining the low pressure side of the 
motor Chamber opposing said vane motor raemper 
While the opposite end of the spring thrusts 
biasingly against the low pressure (said one) 
Side of the Vane notor inenber. 
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