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Mich,; ‘assignors to Béndix~Av5iation—Ccrpnmtion, De-
troit; Mich., a corporation of Delaware

Application September 16, 1953, Serial No. 380,406
8:Claims. (Ck 103-=123)’

This -invention relates to positive - displacement- fluid
handling devices and more particularly to -cam’pumps
for producing a substantially. uniform output - when
driven at a uniform - speed.

In-recent years, the use of hydraulic equipment has
increased considerably. For example, in the automotive
field automatic transmissions and power steering apparatus
have become. relatively popular. Certain problems exist
in such apparatus and cause inconvenience to the users
of the apparatus. For example, one of the important
problems existing in the design of power steering and
other apparatus results from the tendency of the apparatus
to-produce pulses during use. These pulses are trans-
mitted from the source through the mechanical linkages
and hydraulic media- to the passenger compartment.
In-this way, the pulses produce a discomfort to the driver.

It has been-determined- that the pulses -transmitted
to the- driver of an automobile having power steering
equipment largely-results: from the operation of pumps
which supply fluid for operating the equipment. The
pulses are produced because the pumps do not-have the
desirable characteristics of generating- a - pulse-free - and
uniform output. Attempts have been made to eliminate
these - pulses but such attempts have not -as yet been
entirely successful. - ]

_This: invention provides a positive displacement fluid
handling device having:a rotor member and a stator
member one of which is- provided with: a ‘surface of
revolution and the other of which is provided -with a
multi-lobed camming surface—the extremity of the lobes
of which extend into substantial sealing engagement with
the surface of revolution.. FEach of the lobes has a
peripheral contour corresponding substantially to - that
of the other lobe and - establishes a continuity at its
extremities with the contiguous extremities of the adjacent
lobes.. The periphery of the cam is preferably defined
throughout its contour by a function which includes
trigonometric functions such as sines and cosines.

A plurality of vanes extend from the member -having
the surface of revolution and extending into engagement
with the camming surface of ‘the other member.. The
vanes co-operate with the: peripheral contour of the
multi-lobed  member to- déscribe a purely trigonometric
function such as a sine or a cosing. By employing vanes,
the fluid handling -device is effectively - divided into a
plurality of dynamic. chambers.. The amount of fluid
flowing in or out, as the case may be, of each chamber
at any instant differs from the amount of fluid flowing
in or.out of the other chambers, but the resultant amount
of flnid flowing in or out of all of the chambers remains
a constant at all times. In this way, a relatively simple
and inexpensive cam type fiuid handling device is provided:
for producing a substantially constant displacement.

An object of this invention -is to provide a positive
displacement fluid handling device having a stator and
a rotor one‘of which’is provided with a surface of
revolution-and-the other of which is provided with a
multi-lobed- camming surface the- extremiities of - which
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2 . :
are in substantial sealing engagement with- the- surface
of revolution so -as to produce. a-substantially pulse-free
fluid flow through:the device. )

Another object is to provide: a positive - displacement
fluid handling device of the: above ' character. ‘having:a
muiti-lobed camming member, each:lobe-having a-con-
tinuous contour: and establishing. a continuity.-at: its
extremities with the. extreme. positions- of. the contiguous
lobes. o

A further object is to--provides a positive ‘displacement
fluid “handling device: of the:above- character- having a
multi-lobed camming  surface ‘in- which - the - peripheral
contour of the cam is defined by a function which includes
trigonometric functions such as-sines:and cosines:

Still another object is:to provide.a-pump-of; the .above
character in which. a plurality -of vanes- are associated
with a multi-lobed camming member to produce-a-plurality
of dynamic chambers and in which-the-output-from all
of the chambers remains a  constant-at-all -times.

A still further - object- is to” provide:a pump- of the
above character -in which. the: movement of ‘the- vanes
during the operation of -the-pump: dees- not-interfere
in-any way with the production of a substantially constant
flow of fluid from the pump.- T

Other objects- and advantages-will be apparent from
a. detailed description of the :invention -and-'from-thé
appended drawings- and . claims..: - o : .

In the drawings: o - T

Figure 1 is a sectional view. of: a- hydraulic -pump and
is taken substantially on the.line 1=—1- of: Figure 2, parts
of the view: being: broken- away. to: show- other:: parts
more clearly; : o

Figure 2 is a sectional view: substantially -on-theline
2—2 of Figure 1; : RS SRR

Figure 3 is an' enlarged-schematic: view-in- section’ of
the pump shown in-Figures 1-and 2.is-included: to- iltuss
trate the-operation of the pump-mere clearly;

Figures 4, 5 and 6 are-curves: which:-illustrate- the
operation of the .pump. shown in-the previous figures;

Figure 7 is a somewhat: schematic.-view: i section:of
another embodiment. of -a- pump. for -producing:: a.'sub?
stantially -uniform - output; o R

Figure- 8 is-a. somewhat- schematic view in: section
of a third embodiment- of the .invention; and- =

Figure 9 is a-somewhat schematic- view in-section: 'of
another embodiment similar to'the one shown-in-Figure 7;
but having a larger lobe to’ vane-ratio. - :

In one embodiment. of the invention; a-rotor 10 having
a plurality of lobes 12 extends- from:-a: shaft: 14~at .an
intermediate position-in the- shaft.- Each -lobe-12-has
a contour corresponding substantially to that’ of the -6ther
lobes and establishes a continuity at its -extremities with
the contiguous extremities- of the- adjacent: surface:
Each lobe 12 has a‘ continuous- contour: such’ that no
sharp breaks occur in - its periphery. On the- basis:of -
analysis, we have -found that-there should-be-at-least
four lobes on- the rotor. S co g

With progressive movements- along " the- periphery. of
the ‘lobe, the distance from the center of the ‘rotor: 10
to the- periphery of each- lobe - preferably varies ‘as-a
function' which- includes- trigonemetric: functions ‘such as
sines. and' cosines. - For example; the- distance from the
center of - the rotor- 10 to the median-position- along
the periphery of each-lobe ‘12- may. be-indicated- as:r.
The distance from the center of. the rotor 10 to’the-two
extremities of each lobe 12 may be ~defined: as - ¢;
where e indicates an increment in the value of r. The
distance from the center of the rotor 10 to any position
along the periphery of each lobe 10 may then be designated.
as nt+e cos n 6, where 6=the angle between an, ex-
tremity of each lobe 12 and the position in question;,
and n==th¢ number of lobes 12 on the Totor.
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The rotor 19 is adapted to rotate on bearings 16 (Fig-
ure 2) within a stator, generally indicated at 18. The
stator 18 is formed from three members 20, 22 and 24
which are aligned relative to one another by dowel pins
(not 'shown) and secured by bolts 26. The members 20,
22 and 24 are sealed relative to one another by O rings
28. The rotor 10 is positioned within:the member 22,
which is provided with an annular interior having a ra-
dius of approximately r+e to form seals with the extremi-
ties of each lobe 12.

A spacer 30 is mounted on the shaft 14 at one end
of the shaft and is axially maintained in position by lock
nuts 32. An annular seal 34 is in turn supported on
the spacer 30. The seal 34 is axially fixed in position by
a retainer 36 and studs 38, which extend through the
retainer 36 into the member 20.

A threaded socket 40 extends radially inwardly from
the peripheral surface of the member 20 to provide a
connection for the introduction of fluid to the pump. The
socket 40 communicates with an annular manifold 42
in the member 20. A plurality of passages 44 (Figure
1) extend at spaced intervals from the manifold 42
through the member 20 to the member 22. The passages
44 form a continuous circuit with ports 46 which ex-
tend radially inwardly through the member 22 to the
inner periphery of the member.

A plurality of caps 48 are supported by the member
22 at spaced intervals around the periphery of the mem-
ber. " Bach cap 48 retains a spring 50 under compression
between it and an associated vane 52. The vanes are
provided with pointed tips at their inner ends for reasons
which will be disclosed in detail hereafter. The pointed
tips on the vanes can be defined by a substantially zero
radius of curvature. Each vane 52 is positioned adjacent
the inner end of an associated port 46 on the up stream
side of the passage—in other words,. in a clockwise di-
rection from an associated port 46 for a counter-clockw1se
movement of the rotor 10.

We have found that a definite relatlonshlp exists be-
tween the number of lobes 12 and the number of vanes
52. For example, we have found that any odd number
of vanes 52 greater than 1 may be used. When such a
number of vanes 52 is used, a number of lobes may be
used such that the number of lobes is not evenly divisible
by the number of vanes. For example, when 3 vanes 52
are utilized, the number of lobes 12 may be 4, 5, 7, 8, 10,
11,713, etc. To prevent a sudden exposure of low pres-
sure chambers to high pressure ports, it has been found
advantageous for certain applications to use a number
of lobes such that the difference between the vanes and
lobes is greater than one (1). For example, a 3 vane 8
lobe arrangement is advantageous over a 3 vane 4 lobe ar-
rangement in that intermediate chambers are provided
in the former so that pre-compression may take place in
the intermediate chambers, as a result of normal leakage
between chambers, prior to the exposure of such cham-
bers to the high pressure ports. An even number of vanes
52 may be utilized when the number of vanes and the
number of lIobes 12 are both integrally divisible by 2.
For example, for a cam pump having six vanes 52, the
number of lobes 12 may be 8, 10, 14, 16, 20, 22, 26, efc.
The utilization of an even number of vanes and lobes
is advantageous for certain applications in that a bal-
anced bearing load is provided in the pump. For ex-
ample, a 4 vane 6 lobe pump would be properly balanced
and in addition such a pump would be advantageous be-
cause of the pre-compression occurring in the interme-
diate chambers as mentioned above. We have also found
it desirable to have the number of vanes 52 less than the
number of lobes 12.
~ The vanes 52 are angularly separated by substantially
équal distances from one another. Thus, when three
vanes- are used as-shown in Figure 3, the angular sep-
aration may be 120° and the angular separation between
vanes may be 72° for a pump having five. vanes. The

10

15

20

25

30

35

60

55

€0

G5

70

4

vanes are pointed at their inner ends to make line con-
tacts with the periphery of the rotor in the axial direc-
tion of the rotor as shown in Figures 1 and 3. The vanes
52 are slideable in a radial direction within pockets 56
formed in the member 22. The pockets 56 communi-
cate by slots 38 (Figure 2) with an annular recess 60
in the member 20 for reasons which will be disclosed in
detail hereinafter.

During the time that the pump is in operation, the dy-
namic action of the fluid in the compartments 56 causes
the vanes 52 to be pressed against the lobes 12 of the
rotor 10. The vanes 52 are pressed against the rotor 10
because of the leakage of fluid through a hydraulic cir-
cuit which includes the space between the rotor 10 and
the stator 18 and also includes the radial walls of the
compartments 56. Because of the dynamic action result-
ing from the leakage of the fluid into the compartments
56, the springs 50 are actually required to press the vanes
52 against the penpheral contour -of the rotor 10 only
when the pump is being started.

Ports 64 (Figure 1) correspondmg in construction to
the ports 46 are adapted to receive the fluid in the spaces
between the lobes 12 and the interior surface of the
member 22. Each of the ports 64 is positioned adjacent
an associated vane 52 in a clockwise direction from the
vane. - The ports 64 extend from the member 22 in a
radial direction through the member 24 and communicate
with passages 66 in the member 24. The passages 66
form a continuous circuit with an annular manifold 68
(Figure 2), which in turn communicates with a threaded
socket 70, The socket 70 provides a connection for the
flow of fluid from the pump.

A spacer 72 is supported on the shaft 10 at the left end
of the shaft as seen in Figure 2 and is held in axially
fixed position by lock nuts 74. A cap 76 fits within the
member 24 and co-operates with an O ring 78 to form a
seal. The cap 76 is secured to the member 24 as by
suitable screws 80. '

As may be seen in Figure 3, a chamber §2 is produced
between each pair of adjacent vanes 52. Each chamber
82 is in turn divided into a pair of pockets 84 and 86 by
the seal formed between the extremity of a lobe 12 and
the annular interior of the member 22. When the vol-
ume of a pocket 84 is increasing at any instant, the vol-
ume of an associated pocket 86 is decreasing.

During the time that the volume of one of the pockets
84 is increasing, fluid flows into the pocket through a
fluid circuit including the socket 40, the manifold 42,
one of the passages 44 and one of the ports 46. This
causes the volume of the fluid in the pocket to increase.
The volume of the finid in a pocket reaches a maximum
value when the trailing extremity of a lobe 12 is posi-
tioned adjacent a port 46. For example, a pocket 84a
formed between the lower right port 46 in Figure 3 and
the upper lobe extremity has substantially a maximum
value.

After the pocket 84a has reached a maximum volume,
the rotor 10 moves through a relatively short angle be-
fore the forward edge of the pocket 84a reaches the vane
52 positioned at the top of Figure 3. With further an-
gular movement of the rotor 10, the volume of the pocket
844 decreases and causes fiuid to flow into the port 64 at
the top of Figure 3. The fluid then flows through a cir-
cuit including the port 64, the associated passage 66, the
annular manifold 68 and the socket 70.

Because of the repetitive pattern of the peripheral con-
tour on the rotor 10, the amount of fluid flowing through
each of the poris 64 also varies in a repetitive pattern.
When the rotor 10 has a peripheral contour which varies
in a pattern including a trigonometric function and cor-
responding to
rt-e cos 0

the amount of fluid flowing per umit of time through
each port 64 varies in a pattern corresponding to the
curve 90 shown in Figure 4. This curve is formed from
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a sinusoidal ciirve 92 havin‘g- a frequency of n cycles per
revolution of the rotor and a sinusoidal curve 94 having:
a frequency of 2n cycles pér revolution of the rotor.’

For a rofor having three vanes as shown in the draw-
ings; the fluid -flowing through each: of thé' ports 64 is
indicated by the curvés 90, 96 and 98 in Figure 5. As
may be'seen im Figiire ‘5, the curves 90, 96 and 98 have
a-phase’ relationship of 30° with respect to- each “other.
The resultant-amount of fluid-flowing through the socket
70 at any instant is indicated i Figure 5 by a curve-100;
which remains a constant at all times,

Since the vanes follow the contour of the lobes 12,
they move radially in a trigonometric pattern correspond-
ing“to contour of the' lobes:  This causes’ the ' fluid: te-
tained in-each’of the vane compartments 56 to vary in
a‘trigonometric pattérn, Thus, for a pump having three
vddes® as shown in ‘the drawings, the amount of fluid in
each of the vane compartments 56 varies in-accordance
with-one of the’ patterns 104, 106 and 108 shown in Fig-
ure 6.- Becausé of the- relative phases of -the- patterns-
104, 106 and 108, the resultant amount of fluid retained
Ao’ all’ of the vane coimpartments 56 ‘at any instint re-
‘mains a constant. This is indicated at 110 in Figure 6.
Since the resultant amount of fluid in all of the vane
-compartments 56 remains a- constant at all times, the
flow-of fluid into and out of the compartments does not-
-affect the pulse-frée operation of the pump.

We ‘have found that it is necessary for the vanes 52
‘to move-in'a substantially pure. trigonometric function
:such as’a-sine :or a cosine. The reason - for-this ‘is the
‘Tequirement that at least the first two derivatives' of -the:
‘function be ‘continuous so that- the: vanes will ot be sub-
‘jected to shock loading- during- their movement. If the
first two'derivatives of the function, representing velocity
-and acceleration, are not continuous then the third de-
-Tivative or the “jerk” of the function becomes infinitely
-large. and the vanes will be subjected to shock: loading:
-Quring “their movement. . Such loading - will cause “the
‘vanes to be jerked away from the surface along which the
‘vanes are moving. In this way a pump is prevented: from
-delivering a constant output because a continuous con-
‘tact between the ‘vanes and the surface is not maintained.
‘Since all of the derivatives of a function such as a- sine
-Or cosine are continuous, shock loading -of the vanes is
-Substantially - eliminated. A movement of the vanes in-
‘accordance with a function such as a sine or cosine is
accomplished by utilizing -a rotor having -the peripheral:
-contour disclosed above -and-by utilizing vanes 52 which
~contact the rotor at a substantially -constant position on-
‘the vanes because of- the zero radius-of curvature at-the
‘tips. of -the vanes. The -vanes can also have tips withan-
‘infinite radius of curvature or with any . radivs of curva- .
‘ture between zero and infinity, provided that the Totor
‘has_a complementary contour to produce a sinusoidal
‘movement of the vanes. v

A cam -utilizing * vanes having an infinite radius - of
curvature is shown in Figure 8 and will be disclosed in
detail hereinafter, -

_The operation of the cam pump disclosed above to'pro-
duce a substantially uniform output may be clearly seen
by the following mathematical analysis. - The volume ep-
closed by the stator 18 within an angular sector defined
by an angle d¢ may be given as:

dzrg::%—](rb-l-e)?da
where
Tp1-e=the distance from the center of the pump to the
. wall. of the 'stator 18; and
C=the axial length of the rotor 10 and is a constant.
“The  volume occupied by the rotor in the “angilar arc
d6 may ‘be given by the expression

dV,;—'%l(rb-{-e cos n6)2dg
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, 6
where - )
dV=volume ‘occupied by the rotor;: , ‘
¢=the angle from the extremity of a rotor lobe 12 to'the
position at which a: vane 52 contdcts the ‘1obe,
n==the number of lobes 12 on the rotor; and
ryt-e cos ng=the distance from the center of the:rotor:

10 to the periphery of the rotor at the position defined

by the angle 6.

Since the volume of a pocket 84 or 86 may be obtained
by determining the difference between the volume: of the
stator and the volume: occupied by the rotor, the volume
of the pocket may be given as

ach=‘alV‘.~alV;'—-‘%1 [(ro+e)2— (ry-+e cosno)rds
where
Ve=the volume occupied by a ‘pocket 84 or 86,

But the volume -occupied by ‘a‘ pocket 84 or 86: con-
tinues from the' point of contact between the vane 52
and the rotor lobe 12 to the ‘extremity of the rotor lobe.:
Since the rotor lobe '12 has a radial ‘length -of " :

27
n
2

27 .
Vc="ﬁnchr='J;n%1‘[’(rb+é)2—'(rb+e cos nd)?]de
Since -cos? ng can be Tesolved  trigonometrically “into-
14- cos 2ng
T
the volume V, upon’integration can’ be ‘determined  as’
. . : Tbé . e . §
V,=C’,——C;(rbe+%eﬂ).9+01? sin n0+C’1§ sin 2n8
where Cy=3a constant. ,
The-volume displacement per umit of time of this pocketis-

~dV._ —dV.ds
&

T de dr ‘
2
7 cos 2n0:|d—?-
As'is* well known, the rate ‘at ‘which fluid -discharges:
from each ‘pocket’ is" directly dependent upci the rate:
at which ‘the volume' of the pocket decreases.: Further~
more, since the number of pockets 84 and 86 undergoing:
compression' at any instant corresponds ‘to the number
of outlet ports 64, there are "(n-~1) _compression cham-’
bers.: This causes the cumulative rate of discharge from'
all of the pockets 84 and 86 to be"

C’l[(rbe +Y4e?) —re cos nog—

k=p—] an
= 2 G0 1) b2
n—1 .

_ 2(k~1)m\ds
k§=1;017'be- cos n(9+T1— at
n—1 2 —1

et 2(k—1)r df..
_k2=1017£ cos 2%(0"—*;:—1— a@

- where k may vary from 1 to (n—1).

In the above equation, the expression
2(k=—1 )1r>
<B+ n—1

is obtained by starting from a position ¢ along-a first
lobe 12 as defined above and by adding

21
n—1
radians‘ to- obtain a ‘corresponding: position" along sucs
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cessive rotor lobes. The position & on the first lobe is
chosen so that it corresponds with a position at which
a vane 52 contacts a rotor lobe. In this way, the position
o defines the initial position of ome of the pockets 84
and 86 which passes fluid through the adjacent outlet
port 64. .

In order to have a pulse-free pump, the following con-
ditions must exist:

k=l - _
- 2 Crrsecos n(9+w)=0 or a constant
k=1 n—1 )
k=n—1 2 .
S C cos 2n<8+g—(£—1—)1—r =0 or a constant
= 4 n—1 ‘

or the sum of the two above expressions must be equal
to a constant. When the number of lobes 12 is such
that n=4, 6, 8, 10 and successive even numbers and
the number of vanes is n—1, the above conditions are
satisfied. A pulse-free pump is also produced when an
odd number of surfaces greater than 4 are provided and
the number of vanes is less than the number of rotor
lobes by certain integers greater tham 1. For example,
three vanes may be used with a rotor having either five
or seven lobes, as disclosed above. )

The pump disclosed above has several important ad-
vantages. As may be seen by the above analysis, the
pump operates under ideal conditions to produce a con-
stant output. This constant output is not affected in
any way by the flow of fluid in the vane compartments
56, since the resultant flow of fluid through all of the
compartments- remains a constant at all times. Further-
more, the pump requires only a minimum number of
components, each of which can be inexpensively manu-
factured. Even the rotor 10 can be made simply and
inexpensively because of its continuous contour. The
pump is also advantageous in that there is no shock
loading of the vanes.” This resuits from the continuous
contour of the rotor periphery.

In the embodiment of the invention shown in Figure 7,
an annular rotor 120 is mounted on the shaft 122. An
annular manifold 124 is provided in the shaft 122 in
communication with a plurality of ports 126 which ex-
tend at spaced intervals through the rotor 120 to the
annular periphery of the rotor. Outlet ports 130 are also
provided in the rotor 120 in communication with pas-
sages 132 for providing for the flow of fluid out of the

pump.
The shaft 122 and the rotor 120 are adapted to rotate 8

within a stator, generally indicated at 134 and having a
plurality of lobes 136. Vanes 138 are positioned within
compartments 140 in the rotor to contact the surface
of the stator 134 as the rotor turns. The vanes 138
produce chambers 144 between the rotor 120 and the
stator 134 corresponding to the chambers 82 disclosed
above.

The pump shown in Figure 7 operates in the same
manner as the pump shown in Figures 1 to 3, inclusive
to obtain a substantially constant output. In addition
to the advantages disclosed for the pump shown in Figures
1 to 3, inclusive, the pump shown in Figure 7 has further
important advantages. The centrifugal force which is
produced upon a rotation of the rator 120 causes the
fluid in the manifold 124 to be forced through the ports
126 into the chambers 144 between the rotor and the
stator. Because of the force exerted on the finid, no
air spaces can be produced in the chambers 144 to
prevent the flow of a constant amount of fluid out of
the pump. o :

The pump shown in Figure 7 has the further advantage
of utilizing a relatively simple hydraulic circuit. For
example, no inlet passages corresponding to the outlet
passages 132 are required in ‘the pump fo produce a
flow of fluid to the chambers 144. - In addition, no
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8
springs corresponding to the springs 50 shown in Figure 2
are required to press the vanes 138 against the stator
134 when the pump is just being started. .

The cam pump shown in Figure 8 also has a rotor
generally indicated at 150 with a plurality of lobes 152,
each of which is continuous along its. periphery and each
of which has a contour corresponding substantially to
that of the other lobes. However, each of the lobes is
defined by a trigonometric function which may be in-
dicated in polar co-ordinates as:

r=3r 1 & —2re cos ng+ (n?—1)e® sin’ nd

A plurality of vanes 154 are provided at spaced angular
intervals in a stator 156 to contact the lobes 152 of the
rotor. Each of the vanes 154 has a flat face 158 in con-
tiguous relationship to the rotor. The flat faces 158
can be defined by an infinite radius of curvature. As
in the previous embodiments, a chamber 160 is produced
between the rotor 150 and the stator 156 and is defined
at its extremities by a pair of adjacent vanes 154.

As the rotor turns, each vane 154 moves radially in
and out of its recess in the stator 156 in a pattern de-
fined by a substantially pure trigonometric function such
as a sine or a cosine. However, the line of contact be-
tween the face 158 of each vane 154 and the rotor varies
along the face in a pattern corresponding to the trigono-
metric function defining the contour of each lobe 152.

We have found that the cumulative flow of fluid from
the different outlet ports in the cam pump remains sub-
stantially constant as the pump rotates. This can be
shown mathematically for an ideal pump. We have fur-
ther found that such a pump is advantageous because
of the ease with which the peripheral surface of the rotor
can be machined to the proper contour.

The pump shown in Figure 9 is similar in construction’
and operation to that shown in Figure 7. Those parts
in Figure 9 which correspond to those shown in Figure 7
are designated by a like reference numeral and are char-
acterized. further in that a prime mark is affixed thereto.
Suffice it to say that the surfaces of the stator are formed
according to the equation r=ry4-¢ cos 7 8, that its out-
put is constant; and that it has the further advantage of
baving pumping chambers which are completely filled
with liquid but are not immediately communicated with
the discharge passages of the pump. Leakage from the
chambers which are connected to the discharge of the
pump enters these isolated chambers to raise their pres-
sure to a pressure which approaches discharge pressure

-before the isolated chamber is moved fo a point where

its leading lobe opens communication with a discharge
port of the pump. )

It should be appreciated that the apparatus disclosed
above can also be used as a motor as well as a pump.
The motor would have advantages similar to those of the
pump in that it would be able to deliver a substantially
constant output.

Although this invention has been disclosed and illus-
trated with reference to particular applications, the prin-
ciples involved are susceptible of numerous other appli-
cations which will ‘be apparent to persons skilled in the
art. The invention is, therefore, to be limited only as
indicated by the scope of the appended claims.

What is claimed is:

1. In a hydraulic power converter: a rotor member,
a stator member, one of said members having a surface
of revolution and the other of said members having a
cooperating camming surface having valleys separated
by lobes which slidingly sealingly abut said surface of
revolution to form individual fluid confining chambers,
a plurality of generally radially extending slots in the
member having the surface of revolution, a vane in each
slot extending into sliding sealing engagement with the
other of said surfaces and being constructed and arranged
to sweep fluid from said chambers, suitable passage means
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in said members for removing fluid from and adding fluid
to the chambers, said surface having its lobes and valleys
formed ‘substantially in- accordance with ‘the following
equation:’

r=ryfecosnéo

wherein:
r=the distance from"the’ axis of- rotar rotation ‘to- any

point on the cam surface;’

ry==thé Ttadius of the base circle- about- which ‘the -cam’

surfaceis formed; ‘
e=the maxinum' height of both  Iobes and valleys from
the ‘base- circle, ) _ o )
n=the’ number of ‘fobes spaced: around “the-cam surface,

and

6=any angle-measured from-ga
through a radially outermost
surface,

Teference plane passing
point on the camming

2. In a hydraulic power converter: a rotor member, a

stator “member, one' of said members having ‘a sorface-

of revolution and the other of said members having a
coopérating caniming surface having valleys separated by
lobes which slidingly sealingly abut said surface of revo-
lution” to form individnal fluid confining’ chanibers, a
plurality of generally radially extending slots in the
member having the surface of revolution, a vane in each
slot-extending into- sliding’ séaling: engagement’ with the
other of said-surfacés ‘and beinig constructed and arranged
to sweep fluid from said chambers, suitable passage means
in"said" members' for” removing fluid from "and’ adding
fluid-to the chambers; said surface having. its lobes and
valleys formed substantially in“accordance ‘with the fol-
lowing equation:’
r=ryecosng

wherein: -
r=the distance from the axis of

point on the cam surface,
ry=the radius of the base

surface is formed,

circle about which the cam

e=the maximum height of both lobes and valleys from.

the base circle, o
n==the number of lobes spaced’ around ‘the ‘cami’ surface,
and '

6=any angle measured from a reference” plane passing

through ‘a- radially’ ‘outermost “point on ‘the camming:

surface,

the total number of iobes in the surface-‘exceeding the

number of vanes-in- the-power “converter'by at least-two,

and the ratio of lobes to vanes being greater than one
but not being equal to an integer.

3.-In a hydraulic PoOwer converter: a rotor ‘member;
2 stator-member, one: of said: members having a surface
of revolution and the other of said members having a
cooperating camming surface having valleys separated
by lobes which slidingly sealingly abut said-surface of
revolution to form individual fluid confining chambers,
a plurality of generally radially extending slots-in the

member having the “surface of "revolution, a vane in.
each slot éxtending'intd“slfdin'g' ‘sealing engagement with:

the other of said surfaces and being constructed and ar-

ranged to sweep fluid” from said chambers; suitable pas-
sage means in said ‘members’ for removing fluid from-

and adding fluid to " the chambers, said surface having
its lobes and valleys formed substantially in accordance
with the following equation:

r'=ry~-ecosné
wherein:

r= the distance from the axis of

rotor rotation to any
point on the cam surface,

rotor rotation to any
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‘10
ry=th¢ radiis-of the base circlt about which the ¢ty siips
face is formed, . o
e=the maximum height of bothvlobes»and valleys from
the base circle, L
m=the number of vanes iq the_power‘g:onvertc'r_, .
n=the number of lobes spaced ‘around the cam surface, -
and s
= any angle measured from a reference plane” pdssing
through- a' radially’ outerniost point ‘on“‘thé"cam’xﬁiii“g"
surface, . : A
the total number of lobes in the surface exceeding the
number of vanes in the power converter by at least twd;’
and the ratio - :

2n
Pyt
being greater than one but not being equal to an’ intéger.
4. In a hydraulic' power convertsr:. a ‘rotor mémber,
a stator member, one of said members having a surface of
revolution and the .other of said members having a co-
operating camming surface having valleys separated by
lobes which slidingly sealingly abut said‘ surface-of revo.
lutionto form -indi'vidual'ﬂliid"conﬁniilg chdmbers', ‘a
plurality of generally radially* extending “slots'in‘the”
member having the surface of revolution, a vane in each
slot extending into sliding sealing engagement with the
other of said surfaces and being constructed. and ar-
ranged to sweep fluid from said chambers, suitable
passage means in said members for removing fluid from
and adding fluid fo the chambers, said sutface having its ;
lobes and valleys formed substantially in accordance with "
the following equation:
r=iyt+ecosng
wherein: : )
r=the distance from the axis of rotor rotation ‘to-any -
point on the cam surface, -
rp=the radius of the basé circle about which- the -cam:-
surface is formed, :
e=the maximum height of both lobes and- valleys. from
the: base circle,
n=the number of lobes spaced around the cam surface,

and

m=the nuriiber of vanes in the power converter,
=any angle measured from a reféerence plane Ppassing

through a radially outermost point on’ the camniing:
surface;

and wherein the ratio of 7 to m is such that

n m
7 equals :—L_--{—y
where x is the largest integer ‘Which can bé"‘di\'ii‘déd"int'o_"
both n and m to give an’ integer in both case, y=dny
integer greater than one; and’ the ratio

r.m

z 7

does not equal an integer,’ .

5. In a hydraulic power converter: a rotor member,
a stator member, one of said- members having' a-surface
of revolution and.the other of said- members - having- a -
cooperating camming-surface “having valleys separated by
lobes which slidingly sealingly abut said surface of Ievo-
Iution to form individual fluid" confining chambers, a
plurality of generally radially- extending slots in the

‘member having the surface of revolution; a vane in-each

slot extending into sliding sealing engagement with the
other of said surfaces and being constructed and arranged
to sweep fluid from said chambers, suitable passage
means in said members for removing fluid from and adgd-
ing fluid to the chambers, said surface having its lobes -
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and.valleys formed substantially in accordance with the
following equation:

r=rytecosné
wherein:

r—the distance from the axis of rotor rotation to any
‘point on the cam surface,

ry==the radius of the base circle about which the cam
surface is formed,

e—the maximum height of both lobes and valleys from
the base circle,

n—the number of lobes spaced around the cam surface,

and

m=—the number of vanes in the power converter,

¢=any angle measured from a reference plane passing
through a radially outermost point on the camming
surface;

and wherein the ratio of n to m is such that
n m
z equals ;+y

where x is the largest integer which can be divided into
both n and m to give an integer in both cases, y equals
any integer greater than one, and

2n

——

m
does not equal an integer. :
6. In a pump: a rotor member, a stator member posi-
tioned outwardly of said rotor member, said rotor hav-
ing a surface of revolution and said stator having a coop-
erating camming surface having valleys separated by
Jobes which slidingly sealingly abut said surface of
revolution to form individual fluid pumping chambers,
a plurality of generally radially extending slots in said
rotor, a vane in each slot extending into sliding sealing
engagement with said stator and being constructed and
arranged to sweep fluid from said pumping chambers,
suitable passage means in said members for removing
finid from and adding fluid to the pumping chambers,
said surface having its lobes and valleys formed sub-
stantially in accordance with the following equation:

r=ryt-ecosné

wherein:

r—the distance from the axis of rotor rotation to any
point on the-cam surface,

ry=the radius of the base circle about which the cam
surface is formed,

e=the maximum height of both lobes and valleys from
the base circle,

n—the number of lobes spaced around the cam surface,

and
m= the number of vanes in the pump,

p=any angle measured from a reference plane passing

through a radially outermost point on the camming
surface;

and wherein the ratio of n to-m is such that
n m
z equals —$—+y

where x is the largest integer which can be divided into
poth # and m to give an integer in both cases, y==any
integer greater than one; and the ratio

n.m

————

T T
does not equal an integer.
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7. In a hydraulic power converter: a rotor member, a
stator member, one of said members having a surface of
revolution and the other of said members having a co-
operating camming surface having valleys separated by
lobes which slidingly sealingly abut said surface of revo-
lution to form individual fluid confining chambers, a
plurality of generally radially extending slots in the mem-
ber having the surface of revolution, a vane 'in each slot
extending into sliding sealing engagement with the other
of said surfaces and being constructed and arranged to
sweep fluid from said chambers, suitable passage means
in said members for removing fluid from and adding fluid
to the chambers, said surface having its lobes and vaileys
formed substantially in accordance with the following
equation:

r2=rtyte?—2rye cos 1 0+(n3—1)e"‘sin'-’ri 8

wherein:

r—the distance from the axis of rotor rotation to any
point on the cam surface,

ry= the radius of the base circle about which the cam
surface is formed,

e=the maximum height of both lobes and valleys from
the base circle,

n—the number of lobes spaced around the cam surface,

and

g—any angle measured from a reference plane passing
through a radially outermost point on the camming
surface. :

§. In a pump: a rotor member, a stator member, said
rotor having a surface of revolution and said stator hav-
ing a cooperating camming surface having valleys separ-
ated by lobes which slidingly sealingly abut said surface

- of revolution to form individual fluid pumping chambers,

a plurality of generally radially extending slots in said
rotor, a vane in each slot extending into sliding sealing -
engagement with said stator and being constructed and
arranged to sweep fiuid from said pumping chambers, -
suitable passage means in said members for removing
fluid from and adding fluid to the pumping chambers, said
surface having its lobes and valleys formed substantially
in accordance with the following equation: '

r2=t3;+4e2—2rpe cOs 1 0+ (n2—1)e?sin?n ¢

wherein:

r—the distance from the axis of rotor rotation to any
point on the cam surface, :

ry= the radius of the base circle about which the cam
surface is formed,

e==the maximum height of both lobes and valleys from
the base circle,

n=—the mumber of lobes spaced around the cam surface,

and

g=any angle measuredifrom a reference plane passing
through a radially outermost point on the camming
surface.
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