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Description

Background of the disclosure

The present invention relates to positive dis-
placement hydraulic pumps of the roller vane type,
and more particularly, to an improved rotor con-
figuration which provides reduced pressure
pulses.

Pumps of the type to which the present inven-
tion relates include a housing defining a pumping
chamber, and a pumping element rotatably dis-
posed in the pumping chamber and defining
expanding and contracting fluid chambers. The
housing means defines a fluid inlet port in com-
munication with the expanding fluid chambers,
and a fluid outlet port in communication with the
contracting fluid chambers. The pumping element
includes a rotor member mounted for rotation
with an input shaft, the rotor member having a
plurality of slots. Each of the slots receives a
radially displaceable roller vane member. The
pumping chamber is defined by a continuous
arcuate wall surface including an inlet arc surface
of progressively increasing radius in the direction
of rotation of the rotor member, and a discharge
arc surface of progressively decreasing radius.

Although the present invention could be utilized
with various types of roller vane pumps, it is
especially advantageous when used with a bal-
anced roller vane pump, i.e., a pump in which there
are two oppositely disposed expanding fluid
chambers, and two oppositely disposed contract-
ing fiuid chambers. The term “balanced” derives
from the fact that the arrangement of fluid cham-
bers resuits in balanced hydraulic forces acting on
the rotor member. Such a pump, disclosed in
GB—A—2 118 247 forms the pre-characterizing
portion of Claim 1.

One of the reasons for the present invention
being especially advantageous for use in balanced
pumps is that a balanced pump is more likely to
utilize what will be referred to hereinafter as a
“high displacement” cam surface for the dis-
charge arc surfaces. Although the term “high
displacement” cam surface will be described in
greater detail in the subsequent specification, it
will be understood by those skilled in the art that
the term does not define or refer to any particular
cam surface geometry, but instead, refers to the
fact that the discharge arc surface must accom-
plish the full radially inward displacement of the
roller vane over a relatively small anguilar displac-
ment of the rotor member.

One of the primary problems associated with
pumps of the type described is the generation of
undesirable pressure puises during the pumping
cycle. Such pulses may be transmitted through the
hydraulic lines to other components such as the
vehicle steering gear and steering column which
can then translate the pressure pulses into noise,
audible to the driver. Pressure pulses and noise
emanating the from pump can be generated in
several ways, and it has long been an object of
those skilled in the art to identify and eliminate
such sources of noise and pressure pulses.
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Accordingly, it is a primary object of the present
invention to identify and eliminate additional
sources of pressure pulses and noise which have
been previously unrecognized.

Those skilled in the art have for a long time
recognized that one of the potential causes of
pressure pulses is intermittent leakage of fluid
from a contracting fluid chamber, past one of the
roller vanes, to an expanding fluid chamber. It has
also been recognized by those skilled in the art that
one likely cause of such intermittent leakage is
radial movement of the roller vane, into and out of
engagement with the discharge arc surface as the
roller vane moves through the pumping (dis-
charge) arc. It has generally been assumed that
such movement or bouncing of the roller vane
could be prevented by exerting greater net radially
outward force on the roller vane to keep it in
contact with the discharge arc surface. FR—A—
1 244 019 proposes roller vanes, but is concerned
only with circumferential leaks past the rotor itself
and concerns only an unbalanced pump having a
low displacement cam surface, so that roller
bounce is most unlikely to be a problem.

However, a basis of the present invention is to
identify and reduce substantially the causes of the
roller vane bouncing and the resultant intermittent
leakage past the roller vanes, rather than the rotor
arms driving such roller vanes.

The above and other objects of the present
invention are accomplished by the provision of the
rotary pump of Claim 1, wherein each of the
discharge arc surfaces comprises a high displace-
ment cam surface. Each of the siots includes a
drive surface disposed to engage and drive the
adjacent one of the roller vane members when the
pumping element is operating in the pumping
mode. Each of the slots also includes an opposite
surface. Each of the driving surfaces includes a
substantial surface portion oriented at a negative
angle relative to a radial line passing through the
axis of rotation of the pump. The engagement of
each of the roller vane members and its respective
negative surface portion acts on the roller vane
member in a direction to reduce the net radially
outward force, and is effective to reduce the radial
movement of the roller vane member into and out
of engagement with the adjacent discharge arc
surface. FR—A—1244019 above-mentioned,
apparently illustrates a negative surface portion
on a rotor arm driving a roller vane, but is silent on
the function. Without doubt, the function is to
allow space for sealing grooves (3c) at the ends of
the arms, without unduly weakening the structure
of the wiping ends of the arms.

Brief description of the drawings

Fig. 1 is an axial cross section of a rotary pump of
the type with which the present invention may be
utilized.

Fig. 2 is a transverse view, taken on line 2—2 of
Fig. 1, showing only the pumping element and
cam member.

Fig. 3 is a transverse view, taken on line 3—3 of
Fig. 1, illustrating only the port plate and the intake
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and discharge ports.

Fig. 4 is a somewhat schematic overlay view,
greatly enlarged, showing both the pumping
element and the adjacent intake and discharge
ports.

Figs. 5 and 6 are graphs of pressure pulses at
various pressures and speeds, Fig. 5 illustrating
pressure puises for a prior art pump, and Fig. 6
illustrating pressure pulses for a pump made in
accordance with the invention.

Description of the preferred embodiment

Referring now to the drawings, which are not
intended to limit the invention, Fig. 1 is an axial
cross section of a typical automotive power steer-
ing pump of a general type which is commercially
available and therefore, will be described only
briefly herein.

The  pump comprises several portions,
including a body portion 11 and a cover portion
13. The body portion 11 defines an annular
pumping chamber 15, and disposed within the
chamber 15 is a pumping assembly 17. Referring
also now to Fig. 2, the pumping assembly 17
includes a cam ring 19 which defines an internal
cam surface 21, The cam ring 19 is held in proper
circumferential alignment, relative to the body
portion 11, by means of an axial pin 23. The body
portion 11 and cover portion 13 are heid in tight
sealing engagement by means of a plurality of
bolts (not shown).

Disposed within the cam ring 19 is a rotatable
pumping element 25 (rotor), which defines a
plurality of radiaily extending slots 27, each of the
slots 27 receiving a cylindrical roller vane
member 29, as is well known in the art. In the
subject embodiment of the invention, there is a
relatively close fit between each slot 27 and the
respective roller 29. As a result, fluid is not readily
communicated radially through the slot, past the
roller.

The pump includes an input shaft 31 which is
capable of transmitting a rotary motion, such as
from the vehicle engine, to the rotor 25, by means
of a suitable pin connection 33. The input shaft 31
is supported for rotation within the body portion
11 by a suitable bearing set 35, and is supported
for rotation within the cover portion 13 by a
suitable bushing member 37. As the rotor 25
rotates, the rollers 29 are intended to remain in
engagement with the cam surface 21, which is
configured to cause each of the rollers 29 to move
radially outwardly and inwardly as the pumping
assembly 17 accomplishes fluid intake and fluid
discharge, respectively, as is well known in the
art.

Referring again primarily to Fig. 1, the pumping
assembly 17 includes a flexible end plate {port
plate} 39 disposed adjacent the left end of the cam
ring 19 and rotor 25. Disposed adjacent the end
plate 39 is a backup plate 41 which defines a pair
of kidney-shaped pressure chambers 43 (only one
of which is shown in Fig. 1), and a pair of cutout
portions 45 (only one of which is shown in Fig. 1).
it will be understood by those skilled in the art
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that not all portions of Fig. 1 are taken on the
same plane, but instead, the various elements are
positioned as shown in Fig. 1 for the purpose of
illustrating all of the important elements of the
pump In a single view.

The body portion 11 defines a pair of diametri-
cally opposed inlet chambers 47, each of which is
in fluid communication with a system reservoir by
means of a reservoir fitting 49, which is seated
within a stepped bore 51 defined by the body
portion 11. Inlet fluid flows from the system
reservoir, through the reservoir fitting 49 into the
inlet chambers 47, and from there, through the
respective cutout portions 45, and through two
pairs of diametricaily opposed intake ports 53,
and into the pair of expanding fluid chambers 55.
At the same time, pressurized fluid is pumped
from the pair of contracting fluid chambers 57,
then through a pair of diametrically opposed
discharge ports 59, and into a discharge chamber
61 which is in fluid communication with a dis-
charge port 63 defined by the cover portion 13. 1t
should be understood that the intake and dis-
charge ports 53 and 59 are being described in
connection with Fig. 3 only, merely for simplicity,
and that the cover portion 13 includes the same
port arrangement as does the end plate 39.

Referring now primarily to Figs. 2 and 3, it is
believed that those skilled in the art are generally
knowledgeable regarding matters such as the
varying radius of the different portions of the cam
surface 21, and the relative circumferential spac-
ing of these cam portions and the intake and
discharge ports 53 and 59. Therefore, the particu-
lar geometry of the cam surface 21, rotor 25, slots
27, etc., will not be described in great detail
herein. As was mentioned in the background of
the specification, it is one feature of the present
invention that the cam surface 21 include a pair of
discharge arc surface portions 65, because the
pump is “balanced ”, and that each of the surface
portions 65 comprises a "high displacement”
cam surface. This feature is significant to the
present invention because, as noted previously,
there has been an assumption that greater net
radially outward force is needed to keep the roller
vane in contact with the surface portion 65. This
assumption has been based on an analysis of the
radial forces acting on the roller vane 29 wherein
the “availabie” (centrifugal) radial forces acting
outwardly on the roller vane are compared to the
“required,’ radial forces (i.e., the theoretical out-
ward force required to maintain contact with the
cam). If the available force is greater than the
required force, as is almost always the case in an
unbalanced pump, the roller vane will maintain
contact with the cam surface, i.e., the roller vane
will remain “stable”. However, if the available
force is less than the required force, there is then
a tendency for the roller vane not to remain in
contact with the cam surface, but instead, to
become ““unstable ”’. Therefore, the purposes of
the present invention, the term “high displace-
ment” cam surface will be understood to refer to
a discharge arc surface portion in which the
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available radial forces are less than the required
radial forces on the roller vane such that the roller
vane tends to become unstable.

Referring now to Fig. 4, the configuration and
orientation of each of the slots 27 will be
described in greater detail. Each of the slots 27
includes a radially inner, generally U-shaped por-
tion 71, and a circumferentially-enlarged portion
defined by a driving surface, generally designated
73, and an opposite surface 75. The surface 73 is
referred to as a “driving’” surface because, when
the rotor member 25 is rotating in the counter-
clockwise direction as shown in Fig. 4, it is the
surface 73 which engages the respective roller
vane 29 and drives it through the pumping (dis-
charge) arc portion 65.

In prior art balanced roller vane pumps utilizing
“high displacement” discharge cam surfaces, it
was conventional to have the driving surface
oriented coincident with a radial line extending
through the axis of rotation of the rotor 25. Such
an orientation of the driving surface would thus
be ““neutral” with regard to the forces exerted on
the roller vane member 29, i.e., theoretically the
driving surface would not impose a significant
radial force on the roller vane 29.

As mentioned previously, in a rotary pump of
the type described, utilizing a high-displacement
cam surface, it was believed that roller vane
stability could be increased by increasing the
“available” radial forces acting outwardly on the
roller vane. The result would be a reduction in
roller vane bouncing and intermittent leakage
across the roller vane and the resulting pressure
pulses. However, during the development and
testing of the commercial product which
embodies the present invention, it was dis-
covered that if the driving surface 73 includes a
surface portion 77 which is oriented at a ““nega-
tive” angle, relative to a radial line, the pressure
pulses are reduced substantially. Referring still to
Fig. 4, it may be seen that by “negative” angle itis
meant that the surface portion 77 is oriented at an
angle such that it would appear to exert on the
roller vane 29 a slight force in the radially inward
direction. This would appear to be directly con-
trary to the understanding of those skilled in the
art that the forces acting outwardly on the roller
vane should be increased to maintain roller vane
stability, i.e., to keep the roller vane in contact
with the discharge arc surface 65. Although the
mechanism by which the negative surface portion
77 reduces roller vane bouncing is unknown, it
has been hypothesized that the bouncing of the
roller vane, in the prior art device, is caused by the
sudden change of the “required” radial force at
the end of the inlet arc (which is known and
understood by those skilled in the art), and this
sudden change results in roller vane impact on
the discharge arc surface, but the slight “scoop-
ing”’ action which the negative surface portions
77 exert on the roller vane produces an inward
force to inhibit and minimize the bouncing of the
roller vane.

Referring now to Figs. 5 and 8, there is
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presented a comparison of the pressure pulses
with and without the present invention. It may be
seen that each of Figs. 5 and 6 is a graph of
instantaneous pressure versus time, but in each
Fig., five different pressure pulse graphs were
generated, at the following rotational speeds: 600
rpm.; 900 rpm.; 1,500 rpm.; 2,000 rpm. and 3,000
rpm.

The unexpected effectiveness of the present
invention may be seen by comparing the prior art
{(Fig. 5) with the invention (Fig. 6) for each of the
five different speeds. For example, at 600 rpm. the
discharge pressure of the prior art device varied
between about 2,000 psi. and about 2,130 psi., a
pulse amplitude of about 130 psi. By way of
comparison, with the present invention, the dis-
charge pressure varied between about 2,040 psi.
and about 2,120 psi., a pulse amplitude of only 80
psi. As will 'be appreciated by those skilled in the
art, the difference between a pulse of 130 psi. and
a pulse of 80 psi., in terms of generated noise, can
be quite substantial and noticeable to the vehicle
operator. Similarly, at 2,000 rpm., the discharge
pressure of the prior art device varied between
about 1,100 psi., and about 1,240 psi., a pulse
amplitude of about 140 psi. By way of compari-
son, the discharge pressure of the pump
including the present invention varied between
about 1,110 psi. and about 1,210 psi., a pulse
amplitude of only about 100 psi.

Referring again to Fig. 4, it may be seen that
each of the inner discharge ports 59 has a
generally arcuate transition groove extending
therefrom and having a gradually smaller cross
sectional area in a clockwise direction toward the
adjacent inlet port 53. Preferably, the transition
groove 79 would be formed only in the cover
portion 13, but for obvious reasons would not be
formed in the end plate 39. As is well known to
those skilled in the art, the primary function of the
transition groove 79 is to cause a transition from
inlet pressure (low) to discharge pressure (high)
in each slot 27 just after it ceases communication
with an intake port 53. As is also well known to
those skilled in the art, it is generally desirable to
have the transistion groove 79 extend circum-
ferentially as shown in Fig. 4 such that it begins to
communicate discharge pressure into the slot 27
at approximately the position where the slot
passes out of communication with the intake port
53. It is also known that the transition groove 79
should be configured, in terms of cross sectional
area, such that there is sufficient communication
of fluid at discharge pressure into the slot 27, but
at the same time, that the increase in pressure in
the slot 27, from intake to discharge pressure,
should not be too rapid. Because the importance
of the transition groove 79 and its funcitional
requirements are generally well known to those
skilled in the art, there will be no further descrip-
tion herein of the particular transition groove
geometry used in the present invention.
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Claims

1. A balanced rotary pump of the type inciuding
housing means (11) defining a pumping chamber
(15), having a pumping element (17) rotatably
disposed in the pumping chamber and defining a
pair of expanding fluid chambers (55) and a pair
of contracting fluid chambers {57), the housing
means defining a fluid inlet port (49) in communi-
cation with the pair of expanding fluid chambers,
and a fluid outlet port (63) in communication with
the pair of contracting fiuid chambers, the pump-
ing element including a rotor member (25)
mounted for rotation with an input shaft (31), the
rotor member defining a plurality of slots (27),
each of the slots receiving a radially displaceable
roller vane member (29), the pumping chamber
being defined by a continuous arcuate wall sur-
face (21) including a pair of inlet arc surfaces of
progressively increasing radius in the direction of
rotation of the rotor member, and a pair of
discharge arc surfaces (65) of progressively
decreasing radius, each of said discharge arc
surfaces comprising a high displacement cam
surface: each of said slots including a driving
surface (73) disposed to engage and drive the
adjacent one of said roller vane members when
said pumping element is operating in a pumping
mode, each of said slots aiso inciuding an oppo-
site suface (75); characterized in that each of said
driving surfaces includes a substantial surface
portion (77) oriented at a negative angle relative
to a radial line, the engagement of each of said
roller vane members and its respective negative
surface portion being effective to act to reduce the
net radially outward force acting on said roller
vane member, thereby reducing bouncing of said
roller vane member.

2. A balanced rotary pump having a pumping

element (17) according to Claim 1, characterized

by diametrically opposite intake ports (53) and
diametrically opposite outlet ports (59) in an end
plate (39) of the chamber.

Patentanspriiche

1. Ausgleichsrotationspumpe mit einer eine
Pumpkammer (15) bildenden Gehauseanordnung
{(11), einem in der Pumpkammer drehbar ange-
ordneten Pumpelement (17), das zwei sich ver-
groRernde Fluidkammern (55) und zwei sich ver-
kieinernde Fluidkammern {57) bildet, wobei die
Gehauseanordnung einen mit den beiden sich
vergréfRernden Fluidkammern in Verbindung ste-
henden FluideinlaR (49) und einen mit den beiden
sich verkleinernden Fluidkammern in Verbindung
stehenden FluidauslaR (63) bildet, wobei das
Pumpelement einen sich zusammen mit einer
Antriebswelle (31) drehenden Rotor (265) aufweist,
der eine Mehrzahl von Schliitzen (27) bildet, von
denen jeder einen radial bewegbaren Rolien-
schieber (29) aufnimmt, wobei die Pumpkammer
von einer durchgehenden gekrimmten Wandfla-
che (21) begrenzt ist, die zwei EinlaBbogenfléchen
von in der Drehrichtung des Rotors fortschreitend
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zunehmendem Radius und zwei AuslaRbogenflé-
chen (65) von fortschreitend abnehmendem
Radius aufweist, wobei jede der AuslaBbogenfla-
chen mit einer Nockenfliche flir grof’e Verdrén-
gung versehen ist; und wobei jeder der Schiitze
eine Antriebsfliche (73), die sich gegeh den
benachbarten Rollenschieber anlegt und diesen
antreibt, wenn das Pumpelement in einem Pump-
betrieb arbeitet, sowie einen gegeniberliegende
Flache (75) aufweist, dadurch gekennzeichnet,
daR jede der Antriebsflachen einen wesentlichen
Flichenabschnitt {77) aufweist, der mit Bezug auf
eine Radillinie unter einem negativen Winkel aus-
gerichtet ist, wobei aufgrund des Eingriffes
zwischen jedem der Rollenschieber und dem
zugehdrigen negativen Flachenabschnitt die auf
den Rollenschieber einwirkende, radial nach
auBen wirkende Gesamtkraft verringert und
dadurch ein Prellen des Rollenschiebers vermin-
dert wird.

2. Ausgleichstrotationspumpe mit einem Pum-
pelement (17) nach Anspruch 1, gekennzeichnet
durch einander diametral gegeniiberliegende Ein-
lasse (53) und einander diametral gegeniiberlie-
gende Auslédsse (59) in einer Stirnplatte (39) der
Kammer.

Revendications

1. Pompe rotative équilibrée du type compre-
nant des moyens formant enveloppe (11) définis-
sant une chambre de pompage. (15), pourvue d'un
élément de pompage (17) disposé avec la faculté
de tourner dans la chambre de pompage et
délimitant une paire de chambres de fluide (55) a
volume croissant et une paire de chambres de
fluide (57) & volume décroissant, les moyens
formant enveloppe définissant une lumiére (49)
d’admission de fluide en communication avec la
paire de chambres de fluide & volume croissant,
et une lumiére {63) de sortie de fluide en commu-
nication avec la paire de chambres de fluide a
volume décroissant, I'éiément de pompage com-
prenant un organe formant tambour (25) monté
pour tourner avec un arbre de commande (31),
I'organe formant tambour délimitant une pluralité
d’encoches {27), chacune des encoches recevant
un organe formant palette cylindrique (29) sus-
ceptible de se déplacer radialement, la chambre
de pompage étant délimitée par une surface (21)
de paroi continue de forme courbe qui comprend
une paire de surfaces courbes d’admission dont
le rayon augmente progressivement dans le sens
de la rotation de I'organe formant tambour, et une
paire de surfaces courbes de refoulement (65)
dont le rayon décroit progressivement, chacune
desdites surfaces courbes de refoulement com-
prenant une surface de came a déplacement
élevé: chacune desdites encoches comprenant
une surface d'entrainement (73) disposée de
facon a attaquer et entrainer celui desdits organes
formant palettes cylindriques qui est le plus
proche lorsque ledit élément de pompage est en
train de fonctionner en mode pompage, chacune
desdites encoches comprenant aussi une surface
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opposée (75); caractérisée en ce que chacune
desdites surfaces d’entrainement comprend une
partie significative (77) de sa surface orientée
selon un angle négatif par rapport & une ligne
radiale, la venue en contact de chacun desdits
organes formant palettes cylindriques avec sa
partie de surface négative correspondante ayant
pour effet d’agir en réduisant la force nette dirigée
radialement vers I'extérieur qui s’exerce sur ledit
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organe formant palette cylindrique, en réduisant
de ce fait le redondissement dudit organe formant
palette cylindrique.

2. Pompe rotative équilibrée pourvue d'un élé-
ment de pompage (17) conforme a la Revendica-
tion 1, caractérisée par des lumiéres d'admission
(53) diamétralement opposées et des lumiéres de
sortie {69) diamétralement opposées, situées
dans une plaque d'about {39) de la chambre.
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