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Elek K. Benedek, Bucyrus, Ohio
Application June 20, 1935, Serial No. 27,558
11 Claims. (CL 103-161) ,

This invention relates to rotary, radial plunger
- pumps or motors in which high fluid pressures are
to be developed or utilized, particularly in eon-
nection with a hydrostatically balanced pintie,

5 one of the principal objects being to maintain a
high degree of efficiency and durability at high
operating fluid pressures. :

Another object is to accomplish this result with
improvements contributing to the higher effici-

10 ency incorporated in the structure in space here-
tofore unused in apparatus of this character. -

Still another object is to provide a balanced
drive between the primary rotor or barrel and the
reactance or secondary rotor.

15 ' Other objects and advantages will become ap-
parent from the following specification wherein
reference is made to the drawings in which—

Fig. 1 is a horizontal longitudinal sectional view
of a pump or motor embodying the principles of

o the present invention; .

- Figs. 2, 3 and 4 are vertical cross sectional views
taken on the planes indicated by the lines 2—2,
3—3 and §—4 respectively in Fig. 1;

Fig. 5 is a fragmentary sectional view taken on

25 & plane corresponding to the plane 2-—2 of Fig. 1,
but illustrating a modified cooperative structural
relationship between the plungers and rotary re-
actance; and

Fig. 6 is a cross sectional view taken on the

oy DPlane indicated by the line 6—6 of Fig. 5.

For the purposes of illustration the structure
‘herein shown will be described as a pump, its use
as a motor being readily apparent therefrom, and,

+in the cross sections of the drawings, the needle

55 Yollers are shown in elevation, for clearness in
illustration.

In my copending application, Serial No. 754,753,
filed' November 26, 1934, is described a rotary,
radial plunger pump employing a pintle which

49 Isbalanced hydrostatically so as to prevent deflec-

tion and binding between the pintle and the bore .

of the associated cylinder barrel of the pump. In
such a balanced pintle structure, it is apparent
that the projected end area of the pintle and the

45 end wall of the barrel bore are subjected fully to
the specific pressure of the operating fiuid with:

the result that heavy axial thrusts are .imposed
on both. - This fluid pressure tends to force the
barrel and pintle axially apart, shifting the pin-
50 tle axially within its mounting in one direction
and forcing the barrel in the opposite direction.
At the lower operating fluid pressures, suitable
standard anti-friction roller bearings, capable of
resisting both radial load and axial thrust can be
24 - obtained and used for resisting axial displacement

of the barrel, axial ¢isplacement. of the pintle be-

ing resisted by securely mounting it within the -

pump or motor casing by press fitting. However,
such commercial combination radial load and
axlal thrust roller bearings, having a specified
rating for thrust, are available only within com-
paratively narrow limits of size and capacity.
Beyond this range, they are supplied only on spe-
cial order and even then the manufacturer refuses
to rate them or guarantee any particular degree
of performance. In fact, for pressures and sizes
herein required, theoretical and empirical knowl-
edge is totally lacking in this connection. Fur-
thermore, as to such bearings, even within com-
mercial limits, radial load tends to decrease the
efficiency of the bearing as to axial thrust and
vice versa. Consequently, such bearings are
largely a compromise predicated on a necessary
acceptance of a lowered overall efficlency.

If the pintle has a projected end area of less .

than ten square inches, such bearings often prove
satisfactory for pressures up to two to three thou-
sand pounds per square inch. In pumps of the
present type, however, in which a projected pintle
area is more than ten square inches,—for ex-
ample, about twenty square inches,—and a spe-
cific fluid pressure of from three thousand pounds
per square inch is employed, it is apparent that

the total effective hydraulic pressure urging the

barrel and pintle apart from each other axially
amounts to thirty tons. Under such terrific axial
pressures, combined with correspondingly in-
creased radial load and large pitch diameter, the
usual commercial combination bearings are un-
satisfactory and will either fail quickly or will
operate at an extremely low efficiency and only

- for a comparatively short period. Even when the

rated load limits of these commercial bearings are
approached, though not exceeded, the efficiency
of the bearings drops off rapidly.

Again, as will be explained more fully herein-
after, hydrostatic balance of the pintle transfers
the unbalanced hydraulic radial load on the bar-
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rel and pintle into axial thrust therebetween, with -

the result that the radialload is reduced to driving

torque reactance only while the axial thrust is
multiplied .so many times that the ratio between

-the load and thrust does not fall within the re-

quired ratio limits of combination bearing design.
© Though useful for low pressures and small

.capacity pumps and motors, the present pump

structure is particularly concerned with operating
fluid pressures of three thousand pounds per
square inch and up, and with large diameter
pintles, in which instances more highly eficient
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2
radial load and axial thrust provision must be
made for the reasons above mentioned.
Referring, therefore, to the drawings, the pump
is mounted in a casing, designated generally as
i, which comprises a hub portion 2 having at
one end a radial flange wall 3 terminating at
its outer radial limit in an annuler, axially ex-

tending flange 4. The opposite end of the flange .

4 is closed by & removable end plate § securely
fastened to the free end of the flange 4 for com-
pleting the casing.:

Mounted within the casing { and coaxial there-
with is a rotatable cylinder barrel 6 having a plu-
rality of circumferentially spaced, radial cylin-
ders T intermediate its ends. The barrel is pro-
vided with an axial dead end bore 8 with which
the cylinders 7T communicate through suitable
respective ports 9 for valving cooperation with a
valve pintle 10.

The valve pintie 10 has formed thereon an en-
larged shank portion 10a which is press fitted
into a suitable bore in the hub portion 2 of the

. casing for fixedly securing the pintle in position

" coaxial with the barrel and for preventing axial

movement thereof. The pintle protrudes from
the supporting hub.2 into the dead end bore 8
of the barrel and is provided intermediate the
ends of the protruding portion with a tapered
valve portion which snugly fits a corresponding
tapered portion of the wall of the bore 8. At
the ends of the valve portion of the valve pintle
are annular surfaces forming inner bearing races
11 and 12 on which operate sets of capillary cage-

* less needle rollers 13 and 14 respectively, so that,

70
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with the barrel independently supported rotat-
ably within the casing, as will later be described,
the rollers 13 and {4 may constrain the pintle in
accurate radial position with respect to the bore
8 and with capillary clearance between the pintle
and bore wall. This clearance permits the for-
mation of a capillary oil film along the entire
length of the pintle instantaneously for equaliz-
ing the hydrostatic load and thereby preventing
hydrostatic deflection of the pintle.

The bearing race portion 12 of the pintle is
preferably in the form of a groove and, with the
corresponding wall portion of the barrel bore,

provides the races for the bearings {4 and con-

strains the bearings |4 to fixed axial position.

The barrel bore 8 is counterbored to greater di-.

ameter in the barrel portion in radial alignment
with the bearings 13, as indicated at 15, so that
the bearings 13 are constrained against axial dis-
placement by the end wall (8 of the counterbore
and the radial wall {7 between the race portion
i1 and larger d.lameter shank portion i0a of the
pintle.

The pintle. valve portion is disposed between
the races 11 and 12 and has a pressure port 20
and a suction port 21 which are connected re-
spectively to longitudinal ducts 22 and 23 in the
pintle. The ducts 22 and 23, in turn, communi-
cate with radial ducts 24 and 28, respectively,
formed in the shank portion 10a of the pintle,
and are not connected with each other. The
ducts 24 and 25 are continued radially through
the hub portion 2 of the casing and connected
to the device to be operated and to a sump re-

spectively, not shown, which completes the hy- -

draulie circuit.

As more fully explained in my copending appli~
cation, it is desirable that a pressure film be
provided on the pintle and that this film be in-

troduced as a circumferentially continuous Alm

from the free end of the pintle. In some in-

2,101,780

stances this is effected by virtue of the slip from
the port 20, this slip filling the dead end of the
bore 8 and thereafter assisting in maintaining
a circumferentially continuous film. However,
upon starting or upon a sudden shift to a high
pressure, such a film may not be obtained in-
stantaneously. Operation for an instant with-
out such film may and usually does cause bind-
ing, heating, and seizure of the pintle in the
barrel bore. Consequently, a pressure fluid cham-
ber into which pressure fluid is continuously
supplied from the working fluid of the pump and
which is so related to the pintle as to supply
pressure fluid thereonto at the free end is pro-
vided. The preferred structure for this purpose
is illustrated and comprises & small axial duct
26 in ‘the pintle extending entirely to and open-
ing through the free end of the pintle into the
dead end of the bore 8. In referring to the bore
8 as a “dead end” bore it is meant that no bleed
vent for draining the fluid from the end of the
bore adjacent the free end of the pintle is pro-
vided but instead, this end of the bore is sealed
due to its original formation to terminate short
of the end of the barrel or, if originally extended
entirely therethrough, by subsequent plugging
and sealing. Even though overload relief valves
are provided for safety therein, yet the bore re-
mains in operative effective “dead end”. The
pressure fluid chamber may be provided in such
instance by axial clearance between the free end
of the pintle and the end wall of the dead end
bore 8. . The duct 26 communicates through a
small radial duct 27, as better illustrated in Fig.
4, with the main pressure duct 24 of the pintle

_so that the fluid is supplied into the fluid chamber

at the operating pressure of the pump or motor.
Such a chamber insures introduction of a cir-
cumferentially continuous film at the free end
of the pintle. This fluid is forced over the bear-
ings 14 continuously and unbrokenly around the

-valve portion of the pintle 10 and to the bear-

ings 13 so that a complete and unbroken capillary
film is maintained both on the valve portion and
the bearings. Since the bearings (3 and (4 re-
duce the effective overhang of the pintle and the
unsupported length of the pintle relative to the
barrel, and since the valve portion of the pintle

" Is comparatively short axially -and is held by the

bearings with axial clearance relative to the bore
8, the film is formed instantaneously with the
result that the hydrostatic pressure acts radially
inwardly around the entire circumference of the
pintle. As a result, the pintle is hydrostatically
balanced as also is the barrel. Here it should be
noted that one of the greatest forces creating
radial load on the barrel load supporting bear-
ings results from the unbalanced hydraulic load
reactance, created due to exposure of oniy half
the circumference of the pintle and barrel bore
wall to the pressure Juid. At high fluid pressures,
this load equals the specific pressure multiplied
by the projected pintle area of exposed pintie
length times average pintle diameter at the ex-
posed portion. The axial thrust is comparatively
smali, being only the pressure effective due to
the slight pintle taper. When the pintle is hy-
drostatically balanced, however, this radial load
is transferred into axial thrust leaving the radial
load only the reactance from torque transmis-
slon. This transfer effects several beneficial re-
sults.. Some noteworthy results are that the
radial load occasioned by torque reactance is

‘not augmented by the hydraulic load and the

axial thrust does not tend to cause misalignment
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or deflection of the pintle or barrel but instead
creates a beneflcial effect on both. Again, the
axial thrust created in this manner necessarily

_-acts only on the projected end or cross sectional

cv

- duced. However, at exceedingly high pressures .
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“area- of the pintle, which area is for less than

the-circumferentially exposed area, and conse-
quently the total thrust pressure is greatly re-

and with a large projected end area of the pintle
thus freely subjected to' the full specific fluid
‘pressure of the apparatus, it is apparent that d
wery. severe axial thrust is imposed on the pintle
and on the end wall of the barrel bore which
tends to move the pintle toward and further into

the hub portion 2 and the barrel in the opposite

direction. Combination radial load and axial
thrust bearings, however, aré designed only for

-limited low ratios of load to thrust and, with

present knowledge, cannot be made to operate
efficiently beyond such ratfo.. The present hydro-
static balance, however, renders the axial thrust
50 greatly predominant that combination bear-
ings are useless for high pressure structures.
Accordingly, the . barrel is provided, midway
between the bearings 13 and- 4. and in the zone

- -of the cylinders 7, with a radial flange 30 having

. 30
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‘an axially thickened portion 302 near its base
and juncture with the barrel 8. The cylinders
1 extend radially to the periphery of the thick-
ened flange portion 30a, - In ‘the flange 30, be-
ginning at the outer ends of the cylinders, are
radial guideways 31, each guideway extending
radially and being aligned with a corresponding
'cylinder 1. ' , ,
Mounted within the cylinders are plungers 32,

€ach plunger having an enlarged head 83 formed
‘thereon which is reciprocable radially in the.

associated guideway 31.  Each piston head 33
is provided with a transverse bore which extends
parallel to the axis of rotation of the barrel and
in which is mounted s thrust pin 34. Each pin
34 has an enlargéd central portion lying within
the bore of the associated head 33, and reduced
dlameter end portions at each side of the head.

5 The crosspin is supported.in the bore of the head

on sultable capillary cageless rollers 38 so as to
be freely rotatable therein. Mounted on the pro-
truding ends of each pin 34 are reactance en-
gaging rollers 36, these rollers being supported
on- anti-friction capillary cageless needle rollers
31 for rotation independently of the pin. Each
plunger head 33 has flat, lateral walls lying in
the planes of the radial walls of the flange 30
respectively, and the abutting ends of the rollers

5 are flat so as to lle thereagainst with only op--

erating clearance. - Circumferential grooves .38
are formed in the reduced end portions of the
pin near the outer ends for recelving snap springs
39 which, when seated in the grooves 38, cooper-
ate with the lateral faces of the plunger head
for retaining the rollers 36 and the corresponding
‘nieedle rollers 37 in the proper position on the
pins. The rollers 36 are in. rolling engagement
with a reactance stator 40 which has annular
radially extending shoulders 41 near its ends in
position to engage the outer ends of the rollers
36 with operating clearance for constraining the

stator. The stator 40, in turn, has diametrically

- opposite slide surfaces 42 on its outer surface
which slide surfaces engage complémentary slide

“surfaces 43 formed in the flange portion 4 of
+ the casing.  These slide surfaces cooperate to
- support the stator with its axis parallel to the

axis of the barrel while permitting adjustment .

©.sures. .
-constrained to fixed axial position exc¢ept in the

3

of the stator to different degrees of eccentricity

- relative to the barrel, whereby the plunger stroke

may be adjusted. - .
Suitable control rods 44 are connected to the

.stator and extend parallel to the surfaces 42

and through suitable bores in the casing so that
the stator may be adjusted thereby from the
outside of the casing, ‘ . )
In order to actuate the plungers on the suction
strokes, free floating rings 47 are provided, these
rings engaging the extreme ends of the pins 34
outwardly beyond the rollers 36. Since the pins.
are: anti-frictionally mounted for rolling in the
bores of the head 33, the end portions thereof
roll relative to the rings 41. This mounting of
the plunger and formation of the barrel is more

5
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Tully described in my copending application, Se-

rial No, 25,449, flled June 7,.1935. Obviously,
in such a structure, considerable space exists be-

-tween the outer radial limits of the barrel ad-

Jacent each side of the flange 30 and the inner

. limits of the rollers 38 at minimum stroke. This

space has heretofore been occupied only by ma-

In the present invention it is utilized for accom-
modating the axial thrust bearing assembly.
First, for withstanding radial load, the barrel
is provided, near its ends, with axial shoulders 8a
and at the outermost ends with radial annular
shoulders 6b, These surfates are preferably
treated and hardened to withstand wear. Mount-
ed in the hub portion 2 of the casing and the

‘end plate 8 are hardened annular race rings

48 of tool steel, these rings being seated on suit-
able axial annular shoulders 49 and 50 respec-
tively, which join, at their outer ends, with radial
annular. shoulders 61 and 82 respectively. The
inner or bearing faces of the rings 48 are parallel
to.each other and to the axis of the barrel. Thus
the rings are supported against radial load and
axial thrust outwardly from the zone of.the cyl-
inders.” Sets of capillary cageless needle rollers
53 are disposed between the rings 48 and the cor-
responding race portions 6a of the barrel for
rotatably supporting the barrel and providing
adequate bearing surface to withstand thé pres-
However, the needle rollers §3 are not

inward direction nor are the rings 48 except by
the races 89, later to be described. -

20

.terial of the barrel providing strength thereof. .

23
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In order to accomplish this result and at the 50

same timé withstand axial thrust on the barrel,
the barrel is provided, adjacent the enlarged por-
tion 304 of the fiange, with axial annular shoul-
ders §4. Correspondingly, the enlarged portion
30a of the flange is provided with a flat annular

-radially extending face portion 585.

- Firmly seated on the two surfaces 54 and 58,
one at each side of the flange portion 30a; are

‘inner races 86 of sets of axial thrust bearings 51.
- Each race §6 is provided with an annular groove

on its outer face for receiving the balls 57 and
constraining the balls sgainst radial displace-
ment. * The balls are separated from each other.
by a suitable spacing ring 58. " Correspondingly

- grooved outer races 59 are provided as the com-
_.plementary races .of the. balls 87,
rollers. to proper position axially relative to the 0

The races,
however, are so grooved that, when cooperating

‘with the balls, the race 59 extends radially in-

wardly beyond the inner radial limit of the race

_48. Thus the race 59 constrains the race 48 and

the needle rollers 53 to fixed axial position and,
in turn, is supported against outward axial
thrusts. thereby. The races §9, however, engage
th? inner end of the associated race 48 and the

55

0

65

70




10

15

20

25

4

corresponding radial wall of the flange portion
3 and plate § of the casing with slight operating
‘clearance so that the races §9 are free to float
radially unconstrained except by the balls 57
themselves, and are relieved from all radial
thrusts.

Therefore, within the space, which has hereto-
fore been occupied by additional material of the
barrel, means are provided for resisting the axial
thrust on the barrel imparted by the hydraulic
pressure or otherwise and in addition these
means effect the same reinforcement against
bending stresses and the like. Since both the
radial load bearings 53 and the axial thrust
bearings 51 withstand only the load and thrust
respectively for which provided, and need not

withstand any other thrusts, highly efficient and

smooth operation is assured and the thrust ca-
pacity is unlimited except by the ability of the
bearing elements and the races to withstand a
direct and a uni-directional load or thrust. The

‘races of the radial load and axial thrust bear-

ings are so related that no increase in the work-
ing span of the barrel, between the radial bear-
ings results but, on the contrary, the barrel is re-
inforced by the races 48, and the interposed

- assembly of the thrust bearings 57, and their

30
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respective bearing races 56 and §9. , The cylinder
flanges of the barrel are also reinforced against
bending forces.by the same bearing structure.
It will be seen that a downward deflection of the
barrel would be resisted in axial thrust reactance
on the shoulders 51 and 52 of the end covers of
the casing. Again, the diameter, or size, of the
remaining parts is not increased due to the thrust
bearings. In fact, with the arrangement de-
scribed, a more compact structure is obtained
even with the increased hydrostatic pressures
and efficiency than can be obtained by standard
commercial thrust bearings.

At the higher pressures, however, it becomes
desirable, and oftimes necessary to utilize a
balanced load reactance. Referring to Figs. 5
and 6, such a reactance is illustrated and co-
operates with the high pressure cylinder and
plunger assemblies in a manner afford'ng lubri-
cation from the slip spray therefrom necessarily
occuring at high pressures. The structure of
Figs. 5 and 6 is similar to the structure illustrated
in Fig. 1 insofar as the barrel mounting and
radial load and axial thrusts thereon are with-
stood. The pintle is also hydrostatically bal-
anced in the manner deseribed in connection with
Fig. 1, as a result of which the barrel is subjected
to axial thrusts equal to the operating fluid pres-
sure in pounds per square inch multiplied by the
projected end area of the pintle or the projected
cross sectional area of the bore of the bartel.
In this structure, the stator 60, corresponding
to the stator 40 above described, is provided with

. axlally spaced circumferential bearing surfaces

70
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60a arranged one at each side of the zone of
the plungers 62. Instead of providing the rollers
36 on the ends of the thrust pins, each thrust
pin. 83 is anti-frictionally mounted on capillary
cageless needle rollers 64 in the associated
plunger head bore so that the pin may roll freely
therein. Aligned radially with the bearing sur-
faces 60a are outer reactance rings 65. Sets of
capillary cageless needle rollers 66 are interposed
between the rings 66 and the bearing surfaces §0a
of the stator so that the rings 65 are supported for
free rotation within the stator, the needle roil-
ers- 88 being constrained to fixed axial position
by suitable shoulders 60b on the stator at their

2,101,780

outer ends and retaining shoulder $8c at their
inner ends. Inner reactance rings €7, aligned
radially respectively with the rings 65 are pro-
vided and are in rolling engagement with the
end portions of the pins 3. The ends of the pins
63 protrude axially beyond the outer ends of the
cooperating rings, as indicated at €3a, and in
these outermost protruding end portions are
formed annular grooves which recelve snap
springs 68. It will be noted that the springs (1]
retain the rings 65 and 61 in proper axial posi-
tion and, since these rings abut the ends of the
enlarged central portion of the pins 63 near
the outer marginal limits of the large central
portion, and likewise lie in face to face relation
with the plunger heads and barrel flange, all the
parts are held together and in proper operating
position by virtue of the springs 68.

It will be seen that due to the provision of the
lips 68b at the ends of the stator §0 and due
to the radial alignment of the inner edge of the
lips and the inner race diameter of the rollers .,
that a complete circumferential trough or lubri-
cating chamber will be provided for the rollers
66. This chamber is such that high pressure fluid

and spray escaping between the plungers and

cylinders will be caught therein and retained un-
der high pressure due to centrifugal forge. Asa
result the rollers 86 will provide a combination
bearing having three distinct and beneficial char-
acteristics. By using capillary cageless needle
rollers 68 in the trough or chamber thus formed,
the needle roller assembly as a whole will rotate
at reduced speed relative to the rotation of the
rings 65. But this rotation will maintain high
centrifugal force with resultant high centrifugal
fluid pressure in the trough, inasmuch as the
fluid cannot escape except by -overflowing the
trough. Purthermore, the capillary attraction of
the fluid will maintain a continuous pressure film
between the rollers 68 due to their capillary size,
as described in my copending application, Serial
No. 641,186, filed November 4, 1932. Further, due
to the relatively great accuracy and uniformity
of the needles, they will tend to contact their
pathways in metal to metal contact as do anti-
friction bearings with the exception that the con-
ventional radial clearance allowed in anti-friction
bearings will be very greatly reduced and only
sufficient to maintain & high pressure oil film
by capillarity and centrifugal force. This com-
bination bearing, theérefore, operates as a high
pressure oil bearing, with the additional advan-
tage of greatly reduced relative rotation between
the supported parts because of the reduced rota-
tion speed of the needle rollers as an assembly.
The rollers operate as anti-friction bearings with
the additional advantage that the needles roll on
high pressure oil films instead of in metal to
metal contact with the supported parts. Thirdly,
since the needle rollers are constrained to proper
circumferential spacing only by the high pres-
sure oil film and each is entirely surrounded
thereby, the load thereon is distributed over a
large area both by the film and the large num-
ber of rollers so that the bearing surface is com-
parable to the area that is provided by the con-
ventional high pressure ofl film bearing. - The

circumferential trough provides an additional ad-"

vantage in that, with it, it is not necessary that
true capillary needle rollers be used but instead
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larger and shorter, or larger and longer, rollers . _f'i

may be used because they are operating in &

" centrifugal high pressure oil bath and can he °

spaced & capillary distance apart and held in -
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such condition by the high pressure bath. Thus
the cages can be disposed of. Once the rollers are
thus disposed in the bath, the. spacing capillary
films will remain between them for retaining the
fluid when the pump or motor is stopped, and
spacing films will be afforded by centrifugal force
when the motor is in operation and greater forces
tending to dislodge the films are present. The in-
ner shoulder 60c preferably has an inner diame-
ter about equal to or less than the pitched diame-
ter of the rollers so that the rollers are con-
strained to proper axial position. Thus the en-
tire trough between the shoulders 60b -of the
stator forms a centrifugal oil pressure.trough
sufficient for effective lubrication and. spacing of
the rollers. At the same time this bearing struc-
ture does not require any more space than the
structure illustrated in Fig. 1, and less space than
conventional anti-friction bearings,

In order to balance the load, however, the rings
61, instead of being free radially, are in suffi-
ciently tight engagement under pressure with the
end portions of the pins 63 so as to be in rolling
engagement therewith at all times. The rings 61
are of sufficient radial dimension and elastic

‘capacity to transmit the unbalanced radial load

* applied on the rings 65 without permanent dis-

30

tortion. Since the end portions of the pins 63
are In tight engagement both with the rings 65
and the rings 67, the heavy radial load on the

outer rings 65, which causes elastic deformation

thereof, especially at the loaded portions engaged
by the pin ends, is transmitted to the pin ends at

. the unloaded side of the pump or motor due to

35
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the slight elastic deformation of rings 65. This
transmitted load, in turn, reacts against the rings
67 at the unloaded side of the barrel and ring
85. The ring 67, in turn, reacts against the pins
originally imposing the load at the loaded side
of the barrel. These forces and reactances are
transmitted by rolling frictional pressure so that
no appreciable losses result therefrom. Thus any
tendency of elastic deformation of the ring €5 is
immediately transmitted to the inner ring at the
unloaded portion by virtue of the pins and by
the rings 67 and loaded pins is retransmitted back
to the ring 66 so that the rings mutually react

.against each other through the medium of the

pins due to slight elastic deformation. It will
be noted that all of the pins act on the opposite
surfaces of the rings 85 and 67 respectively and
thus mutually support and reinforce each other,
forming an extremely rigid structure as the sec-
ondary rotor in which the load is thus balanced
equally and uniformly_about the circumference
thereof. In this manner the rings 67 act as a load
equalizing and transmitting means for balancing
the load on the rotary reactance. ‘This action,
by distributing the reactance forces more uni-
formly, relieves the rollers 66 fromjconcentrated
stresses. As above mentioned, since at high pres-

‘sures an adequate spray of fluid is always present

for the rollers 66, it is possible to use rollers
which are not true capillary rollers. In such in-
tance any size of roller may be used but should
be positioned with a total circumferential clear-
ance of from one to three roller elements, ac-
cording to the total number of rollers required
in the bearing assembly. This clearance when
prorated evenly among the roller elements pro-

. vides only interspaces for capillary or high pres-

sure oil films therebetween which, during opera-
tion, are filled with fluid and will then retain suf-
ficient fluid by capillary attraction and centrifugal

force to lubricate the parts under all operating

5

conditions. Due both to the balanced load ex-
erted by the ring 65 and the oil films, the re-
actance forces are more evenly distributed over
the bearing assembly, and ‘at the same time the
roller elements 66 are constrained to circumfer-
entially evenly spaced relation with respect to
each other and may roll individually about their
own axes at all times without mechanical fric-
tion between adjacent rollers.

Having thus described my invention, I claim:

I claim:

1. In a rotary radial plunger pump or motor
including a casing, a rotatable barrel therein,
plunger and cylinder assemblies carried by the
barrel, axially floating reactance means for the
assemblies, said barrel having a dead end valve
bore, a stationary valve pintle fitting said bore,
for valving cooperation with the assemblies and
terminating in spaced relation to the dead end
of the bore, said pintle having high and low pres-
sure valve ports and having a duct communicat-

ing with the pressure port and discharging into’

said dead end of the barrel bore, and said pintle
being hydrostatically balanced by operating fluid
at line pressure maintained between the end of
the pintle and dead end of said barrel bore,’
whereby the pintle and barrel are urged axially
apart by fluid at operating pressure, radial
thrust anti-friction bearing means rotatably sup-
porting the barrel in the casing and constrain-
ing the barrel to fixed radial position only, and
anti-friction axial thrust bearings mounted in
the casing in cooperation with the barrel for
constraining the barrel to fixed axial position
against the fluid pressure exerted thereon, said
axial thrust bearings comprising an inner radiai-

ly extending race in fixed position on the barrel,

an outer radially extending race arranged to abut
the casing under outward axial thrust forces and
free to float radially relative to the casing, and
free rolling elements interposed between the race
for transmitting axially directed forces therebe-
tween, and means operatively connecting the ele-
ments to the races for supporting the outer race
In proper alignment with the inner race. ’

2. In a rotary radial plunger pump or motor,
a casing, a rotatable barrel therein having a hub
portion and a radial flange portion, said flange.
portion having a radial side wall facing toward
the said hub portion and extending radially in-
wardly of the barrel substantially to the pro-
jected surface of the hub portion, said casing
having a circumferential shoulder aligned radial-
ly with the hub portion and a radial shoulder at
the outer end of the circumferential shoulder, a
radial load bearing race fitting on said ‘casing
shoulders, anti-friction rolling elements inter-
posed between the race and hub and constraining
the barrel to radial position only, anti-friction
axial thrust bearing means for said barrel com-
prising an inner race abutting said radisl side
wall of the flange, an outer race aligned axially
therewith and abutting the inner end of said
radial thrust bearing race and extending radial-
ly inwardly of the barrel beyond the inner bear-
ing surface of said radial thrust race and there-
by constraining the said rolling elements from
inward axial displacement, rolling elements in-
terposed ‘between said axial thrust races, a plu-
rality of cylinder and plunger assemblies carried
by the barrel in the flange portion, reactance
means therefor, and valve means in valving co-
operation with said assemblies. ;

3. In a high pressure rotary radial plunger
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pump or motor, a casing, a plurality of rotat-
able plunger and cylinder assemblies therein, a
valve pintle in valving cooperation therewith,
thrust pins carried by the plungers respectively
and mounted for rotation therein about an axis
parallel to the axis of rotation of the plungers,
and extending laterally from the associate plung-
ers at both lateral limits of the plungers, an an-
nular stator surrounding the extending portions
of the pins and having its axis parallel to and
offset from the axis of rotation of the plungers, a

‘pair of axially spaced rotatable reactance rings

coaxial with the stator, roller elements interposed
between each reactance ring and the stator for
rotatably supporting the rings therein, said rings
being disconnected and rotatable independently of
each other and lying closely alongside the outer
portions of the plungers, sald extending portions
of each pin being in rolling engagement with
the rings respectively at all times, and the outer
‘end portions of the pins extending axially out-
wardly heyond the associated rings, means on
the extending end portions of the pins engaging
the rings and constraining the rings to substan-
tially fixed position axially with respect to the
plungers, and axial thrust means constraining
the plunger and cylinder assemblies to fixed po-
sition axially in the casing. _

4. In a high pressure rotary radial plunger
pump or motor, a casing, a plurality of rotatable
plunger and cylinder assemblies therein, a valve
pintle in valving cooperation therewith, thrust
pins carried by the plungers respectively and
mounted for rotation therein about an axis par-
allel to the axis of rotation of the plungers, and

extending laterally from the associated plung-

ers at both lateral limits of the plungers, an an-
nular stator surrounding the extending portions
of the pins and having its axis parallel to and
offset from the axis of rotation of the plungers,
annular grooves in the inner wall of the stator,
a pair of axially spaced rotatable reactance rings
coaxial with the stator, roller elements occupy-
ing said grooves and operatively interposed be-
tween each reactance ring and the stator for ro-
tatably supporting the rings therein, said rings
being disconnected and rotatable independently

" of each other and lying closely alongside the outer

portions of the plungers, said extending por-
tions of each pin being in rolling engagement
with the rings respectively at all times, the outer
end portions of the pins extending axially out~
wardly beyond the associated rings, grooves in
the extending end portions of the pins, snap
springs in said grooves and engaging the rings
at the outer ends of the rings and constraining
the rings to substantially fixed position axially
with respect to the plungers, and axial thrust
means constraining the plunger and cylinder as-
semblies to fixed position axially in the casing.
5. In a high pressure rotary radial plunger
pump or motor, a casing, a plurality of rotatable
plunger and cylinder assemblies therein, a valve
pintle in valving cooperation therewith, thrust
pins carried by the plungers respectively and anti-
frictionally mounted for rotation therein about an
axis parallel to the axis of rotation of the plungers,
and extending laterally from the associated plung-
ers at both lateral limits of the plungers, an
annular stator surrounding the extending portions
of the pins and having its axis parallel to and off-
set from the axis of rotation of the plungers, a
vair of axially spaced rotatable reactance rings
coaxial with the statof, roller elements interposed
between each reactance ring and the stator for

.

2,101,780

rotatably supporting the rings therein, said rings
being disconnected and rotatable independently of
each other and lying closely alongside the outer
portions of the plungers, said extending portions
of each pin being in rolling engagement with the
rings respectively at all times, inner reactance
rings aligned radially with the outer reactance

rings respectively, sald inner rings being con-

strained to rolling engagement with the extending
pin portions respectively at all times and lying
closely alongside the outer portions of the plung-
ers, saild inner rings being of sufficient rigidity
radially to transmit thrusts without elastic de-
formation from each pin to the other pins, where-
by the load reactance on the outtr rings-is bal-
anced, and axial thrust means constraining the
plunger and cylinder assemblies to fixed axial po-
sition within the casing and means on said thrust
pins engaging the reactance rings and constrain-
ing the rings to proper axial position relative to
the barrel and plungers,

6. In a high pressure rotary radial plunger
pump or motor, a casing, a plurality of rotatable
plunger and cylinder assemblies therein, a valve
pintle in valving cooperation therewith, thrust
pins carried by the plungers respectively and
motnted for rotation therein about an axis paral-
lel to the axis of rotation of the plungers, and
extending laterally from the associated plungers
at both lateral limits of the plungers, an annular
stator surrounding the extending portions of the
pins and having its axis parallel to and offset

.from the axis of rotation of the plungers, a pair

of axially spaced rotatable reactance rings coax-
ial with the stator, roller elements interposed be-
tween each reactance ring and the stator for ro-
tatably supporting the rings therein, said rings
being disconnected and rotatable independently of
each other and lying closely alongside the outer
portions of the plungers, said extending portions
of each pin being in rolling engagement with the

rings respectively at all times, inner reactance’

rings aligned radially with the outer reactance
rings respectively, said inner rings being con-
strained to rolling engagement with the extending
pin portions respectively at all times and lying
closely alongside the outer portions of the plung-
ers, said corresponding inner and outer rings
being of sufficient rigidity radially to transmit
thrusts by elastic deformation only, from one to
the other through the pins, whereby the load re-
actance on the outer rings is balanced and evenly
distributed in the entire periphery of the rings,
said extending pin portions extending outwardly
beyond the both associated inner rings and outer
rings, and abutment means on the outer ends of

‘the pins engaging the outer ends of the inner and

outer rings and thereby constraining the rings to
substantially fixed axial position with respect to
the cylinder and plunger assemblies, and means
constraining the plunger and cylinder assemblies
to fixed axial position within the casing.

7. In a rotary radial plunger pump or motor, &
casing, a rotatable barrel having a plurality of
radial cylinders, plungers in the cylinders, and

- having a dead end axial valve bore for the cylin-

ders, & valve pintle mounted at one end in the
casing and having its free end fitting the barrel
bore, said pintle terminating at its free end in
axially .spaced relation to the dead end of the
bore, sald pintle having a valve portion and valve
ports therein in valving cooperation with the cyl-
inders and high and low pressure ducts commu-
nicating with the ports respectively and uncom-
municated with each other, and having a duct in
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communication with said high bressure duct and
opening through the frée end of the pintle fnto the
dead end barrel bore, spaced sets of anti-friction
roller bearings interposed between the pintle and
barrel hore wall' at the ends of the valving por-
tion for retaining the pintle in fixed radial posi-
tion in said bore with capillary clearance between
-the bore wall and valving portion of the pintle,
anti-friction radial roller bearings operatively in-
terposed between portions of the casing and bar-

10
©rel in radial alignment with said pintle roller

‘bearings, said barrel having a radial flange por-

. tion between the said radial bearings and in the
Zone of the cylinders, axial thrust rolling bearing
¢lements operatively intérposed between the said
flange portion and the casing at opposite sides of
. the flange portion, said elements being positionied

“inwardly toward the plane of the axis of the cyl-

. inders from said radial ‘bearings, and reactance
20 means for the plungers, - '

8. In a rotary radial plunger pump or motor, a
casing, a barrel rotatably mounted therein and
having a plurality of circumferentially spaced
radial cylinders, plungers in the cylinders, a ro-
‘tary reactance for the plungers, roller thrust
means anti-frictionally mounted on the plungers
and in rolling engagement with the rotary re-
actance for actuating the plungers, valve means
having a high pressure port cooperating with the
cylinders during revolution thereof along one part
of their path of revolution and having a low pres-

*_sure port cooperating with the cylinders during

" their revolution along another part of their rev-

olution, whereby an unbalanced hydraulic load.

condition on the rotary reactance is created, and
load transmitting” and equalizing means oper-
atively interposed between the roller thrust means

-and in rolling engagement therewith and con-

straining all of the roller thrust means to tight
engagement with both the rotary reactance and
load transmitting and equalizing means whereby

said hydraulic load on the rotary reactance is bal-

anced and means on said roller thrust means
engaging the rotary reactance and the load trans-.
mitting and equalizing means for constraining
‘the same to proper axial position relative to the
barrel. :

9. In a radial plunger pump or motor, a casing,
a rotatable barrel having a plurality of radial
cylinders, plungers in. the. cylinders respectively,
sald barrél having a dead end axial valve bore, a
valve pintle mounted at one end in the casing and
fitting said valve boreé, said pintle terminating
in axially spaced relation to the dead end of the

55 valve bore and having a valve portion with high

and low pressure valve ports therein in valving
cooperation with the eylinders, and having a duect -

_in communication with said high pressure port

-and discharging

7

bore, spaced sets of anti-friction radial load bear-
ings operatively Interposed between the casing

Into the dead end of the valve

and opposite end portions of the barrel, said bar- -

rel having a radial flange portion positioned
between sald anti-friction bearings and lying
in the zone of the cylinders, axial thrust anti-
friction bearing means operatively interposed be-
tween the flange portion of the barrel and the
casing at opposite sides of the flange respectively,
said axial thrust elements being positioned in-
wardly toward the plane of the axes of the cyl-
Inders from said radial load bearings, and reac-
tance means for the plungers.

10. In a radial plunger pump or motor, a cas-
ing, a rotatable barrel having a central flange
portion, reactance means, a plurality of radial
cylinders and plunger assemblies interposed be-
tween the barrel and reactance means in the
Zone of the flange portion, said batrel having an
axial valve bore, a stationary valve pintle mounted
in the casing and fitting said valve bore and in
valving cooperation with the assemblies, spaced
sets of anti-friction radial load bearings opera-
tively interposed between the casing and portions
of the barrel at each side of the flange portion
for supporting the barrel for rotation in the
casing and having outer races respectively, sets
of anti-friction thrust bearings operatively inter-
posed between the faces of the flange portion
and the casing and in surrounding relation to the
barrel, and having outer races respectively, and
being positioned inwardly toward the plane of the
cylinders from said radial load bearings, and

- the outer races of the radial load bearings but-

tressing the outer races of the axial thrust bear-
ings against axial outward displacement. - .

11. In a rotary radial plunger pump or motor,
a casing, a rotatable barrel' mounted therein, a
rotary reactance surrounding the barrel in ec-
centric relation thereto and comprising s, stator,
axially spaced cogxial reactance rings coaxial
with the stator, ca%illary cageless roller bearings
operatively Interposed between the rings and the
stator for rotatably supporting the rings in the
stator -and for sealing the radial space between
the rings and stator by capillary attraction and
defining with the rings and stator a relatively
deep slip fluid trough while permitting lubrica-
tion of sald roller bearings by fluid in the trough,
radial piston and cylinder assemblies interposed
between the barrel and reactance, said assemblies
having portions extendfng into said trough, means
carried bysaid extending portionsand cooperating
with said rings for actuating the assemblies, and
valve means for said assemblies.

ELEK K. BENEDEK.
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