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This invention relates to variable displacement,
reversible, positive delivery pumps and motors
and partlcularly for use in connection with high
pressure fluid power transmission systems. The

5 present pump or motor is of the general type
comprising a rotary cylinder barrel and a sur-
rounding rotary piston actuating reactance
which are interconnected for synchronous ro-
tation about their respective parallel axes

10 through the medium of rigid torque transmitting
T-head pistons mounted in cylinders of the barrel
and connected to the rotary reactance.

One of the principal objects of the present in-
vention is to provide a pump or motor of this

15 character wherein driving power from a suitable
prime mover is applied to the piston actuating
rotary reactance instead of to the eylinder barrel
so that the pistons are relieved from transmit-
ting the torques of the rotary reactance and the

20 large anti-friction bearings thereof.

A correlative and more specific object is to
support the barrel rotatably solely upon a sta-
tionary valve pintle instead of directly in the
casing; to provide, for cooperation with the pis-

25 tons of the barrel, an adjustable rotary reactance
mounted in the casing and positively and accu-
rately guided so that its axis is at all times co-
incident with or parallel to the pintle axis and in
a fixed plane through.the pintle axis; and to

30 fixedly support the pintle in the casing in a non-
rotative position in which the plane defined by
the axis of the pintle and the dead center line

_of the pintle valve bridges is at all times coin-
cident with the said fixed plane through the

35 pintle axis.. i

* An equally important object is to provide a °

structural relation in which,-in the dead center

positions of each-piston, its axis coihcides with’

the dead center line pintle valve bridges during

40 adjustment of and in all adjusted positions of
the reactance whereby no changes in timing and
valving cooperation result, restriction and en-
trapment of the operating fluid are eliminated,
and accurate and positive fluid flow are assured.

.48 Another object is to provide a pump wherein

are combined a directly driven adjustable react- ]

ance rotor, a driving means for the rotor sup-
ported independently of the rotor and cylinder
barrel, and a stationary pintle accurately and

50 fixedly mounted for proper timing, tapered for .

uniform stress and for providing accurate ad-
justment of radial clearance between the pintle
and  barrel, and constrained to absolute rigid
coaxial relation in the barrel. )
88 -Another object is to provide a valve pintle,

(Cl. 103—161)

barrel, and rotary reactance combination of this
character, in which the reactance rotor may be
positively driven by an impeller while in any

. adjusted position and in which the barrel and
" pistons are relieved from all torque except that 5

necessary for rotating the barrel itself,

Another specific object is to provide for rotat-
ing the reactance rotor by an impeller shaft in
any of its adjusted positions, through the me-
dium of a planetating coupling means. 10

Other opjects are to provide a more compact
and efficient piston actuating means, and a barrel
mounting by which accurate and positive hy-
draulic clearance between the pintle and barrel
may be obtained and wear may be compensated 15
by adjusting the barrel on the pintle.

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 longitudinal, horizontal axial sec- gg
tional view of a pump or motor embodying the
principles of the present invention, and is taken
on a plane indicated by the line [—I in Fig. 2;

Fig. 2 is a vertical cross sectional view taken
on the plane indicated by the line 2—2 in Fig. 1; o5

Fig. 3 is a fragmentary side elevation of a pis-
ton illustrating a piston reactance block and an
anti-friction roller bearing assembly showing the
cylindrical load transmitting shoulders of the

‘hlock; 30

Fig. 4is a end elevatlon of the driving element
of the impeller means for driving one end of the
planetating coupling disc;

Fig. 5 is a front elevation, partly.in section,
of the element illustrated in Fig. 4; 55

Figs. 6, 7 and 8 are, respectively, a left end
elevation, a front elevation, and a right end ele-
vation of the planetating disc member of the
planetating coupling mechanism; '

Fig. 9 is a fragmentary sectional view of the 40
reactance rotor;

Pig. 10 is a right end elevatlon of a portlon
of the reactance rotor illustrated in Fig. 9, Figs.
9 and 10 showing the means on the reactance ro-.
tor for connecting the planetating disc and the 45-
reactance rotor at one end of the disc. '

Referring to the drawings, the working parts
of the structure are mounted in a liquid tight
casing | which is in the form of an annular body
portion open at one end and having at the oppo- 50
site end an integral radial wall portion 2, the
wall portion terminating in a rigid hub portion 3

which forms the valve head of the pump. The

oben end of the body 1 is elosed by a suitable end
cover & secured to the end of the body 1 by suit- 55
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able bolts 5 and forming therewith a substan-
tially- rigid unitary closed housing structure.
Mounted in the hub 3 of the body is a shank

_portion 8a of a pintle 6 which pintle extends into

and in coaxial relation with the body 1 and has
a tapered valve portion 6b.

In the valve portion 6b of the pintle are dia-
metrically opposite reversible valve ports T and

8 respectively, separated from each other by cir-

cumferentially extending bridges 9 and 10, one
of the ports being a fluid pressure port and the
other a suction port concurrently. The port 7T is
in communication with longitudinal ducts {1 in
the pintle and the port 8 is in communication
with longitudinal ducts (2. The ducts if, in
turn, communicate with a main port 13 in the
shank 6a of the pintle and the ducts 12 communi-
cate with the other main port 14 in the shank of
the pintle, The main ports {3 and 14 are dia-
metrically opposite with respect to each other
and are connected respectively through suitable
ducts formed in the hub portion 3 of the casing
with a pressure conduit and a suction. conduit,
in a well known manner, the pressure conduit
leading to & suitable hydraulic machine to be
operated and the suction conduif leading to a
suitable sump or to the exhaust ‘of the machine.
On the pintle 6, at the ends of the tapered
valve portion 6b, are cylindrical bearing sur-
faces 6¢ and 6d, respectively, on which are sup-
ported the inner races {1 and 18 respectively of
tapered radial load and axial thrust bearings 19
and 20, having outer races 21 and 22 respectively.
The valve portion 6b of the pintle is tapered
from the portion 6¢ to the portion 6d at a very
pronounced taper so that the pintle approxi-
mates as nearly as may be a constant strength
end-supported beam whereby substantially uni-
form stress results thereon and deflection of the
pintle is eliminated even in the absence of end
support at the free end because of the extra
strength at the mounted or shank portion.
Mounted on the pintle is a cylinder barrel 24
having at each end an internal axially extending
annular shoulder and an intersecting radial
shoulder, which shoulders receive and fixedly ac-
commodate outer races 21 and 22 respectively of
the bearings 19 and 20, for supporting the barrel
in coaxial relation to the pintle. The barrel is
provided with a valving bore which is tapered
complementary to the valve portion 6b .of the
pintle and which, when the barrel is mounted on
the bearings 19 and 20, receives and fits the
tapered valve portion 6b of the pintle. A slight
but very positive adjustable clearance is provided
between the wall of the barrel bore and the com-
plementary tapered valve portion 6b of the pintle,
the roller elements 19 and 20 having sufficient ca-
pacity to maintain this clearance under all pres-
sure conditions so that an oil film may be formed

between the pintle and barrel bore wall for effect-

ing a seal between the barrel and pintle, for pre-
venting seizure and heating, and hydraulically
balancing the pintle to eliminate unbalanced hy-
draulic load. .

Due to this high capacity dual bearing mount-
ing of the barrel directly on the fixed and rigid
pintle instead of in the housing of the pump, an
accurately determined mounting of the barrel in
relation to the pintle is provided in which con-
centricity of the pintle and barrel, with proper
positive clearance between the pintle and barrel

is absolutely assured. This mounting, therefore,

whereby the proper radial and axial relations of
the pintle and barrel are maintained may be re-
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ferred to as a “positive mounting”. Among its
advantages are the facts that eccentricity of the
pintle and barrel and inaccuracies in radial clear-
ance, due to separately pressing the pintle in the
casing and separately supporting the barrel in
the casing, are entirely eliminated. Conse-
quently, the pintle cannot seize in the barrel due
to inaccuracy in alisnment with the barrel or to
eccentricity of the pintle and barrel.

To provide for axial adjustment of the barrel
on the pintle, in case it becomes necessary due
to wear of the bearings 19 and 20, or for other
reasons, the outer or free end portion 6e of the
pintle is threaded and receives an adjusting nut
25, which engages the end of the inner bearing
race 18 so that by operation of the nut 25, the
race 18 can be adjusted axially toward the valve
portion 6b, and through the medium of the
tapered bearing elements and races can positively
move the barrel axially toward the shank of the
pintle for decreasing the radial clearance between
the bore wall and portion 60 of the pintle. Very
slight movement of the barrel in this manner will
positively adjust and maintain the radial clear-

“ance betweeri the pintle and barrel bore after

which an outer lock nut 26 may be tightened for
retaining the adjustment. In order to:permit
such adjustment, slight clearance, not shown, ax-
ially of the rotary reactance is provided between
the lateral faces of the piston T-head and guide
ways of the rotary reactance, as will later be
described. :

The race |1 is stationary with respect to the
pintle while the race 18 is movable -axially
thereon. Thus for adjustment for wear the bear-
ing assembly including the bearings 20, the race
18, and the race or cone 22 may be shifted bodily
axially and, when so shifted, effects a corre-
sponding axial shifting of the barrel, which nec-
essarily carries with it the race or cone 214 of the
bearings 19. Since the race 17 is fixed with
respect to the pintle, this movement causes tight-
ening of the bearings 19 to eliminate radial clear-
ance in the bearing itself. At the same time, this
movement permits a reduction in radial clear-

10

15.

20

26

arice between the barrel bore and the tapered

portion of the pintle. If the wear on the bearings
i9 is so great that movement of the barrel ax-
ially theretoward to effect the proper reduction
of radial clearance of the bearings {9 reduces too
greatly the radial clearance between the pintle

and barrel, the bearings 19 must be replaced or

shims must be placed between the race {7 and the
cooperating radial abutment shoulder of the
pintle.

For effecting the adjustment, the adjusting nut
25 is tightened until the barrel is difficult to ro-
tate. The nut 25 is then backed away on the
screw portion 6e of the pintle a definite fraction
of one revolution, the amount of turning of the
nut 25 depending upon the taper per inch of the
barrel bore and pintle portion 6b and the pitch
of the threads on the portion 6e of the pintle.
For example, if the taper is one eighth of an inch
per each inch of length of the pintle, and a total
radial clearance of .001 inch is required, this can
be obtained by adjusting the barrel .008 inch
axially. Knowing the pitch of the particular
threads on the pintle portion 63, the amount of
rotation of the nut 25 to effect an exact amount
of clearance between the barrel bore and tapered
portion of the pintle is readily determined.

For permitting the axial adjustment of the
race 18, a small clearance recess 20a is provided
between the portions 6b and 6d of the pintle, this

70
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recess being coextensive axially of the pintle with
the normal clearance space between the race 18
and the corresponding end of the barrel.. It
should be noted, however, that due to the taper
of the pintle and the positive radial clearance be-
tween it and the barrel, the hydrostatic pressure
urges the barrel toward the bearings 20 so that
the ‘bearings 20 are subjected to appreciable
thrust and resultant wear, whereas the bearings
{9 are subjected to substantially no axial thrust.
Furthermore, since the tapered portion of the
pintle is axially short, the pressure film is coex-
tensive axially therewith, and substantially no
wear occurs on the pintle portion &b, the bear-
ings 19, or bearings 20 due to unbalanced load.
Consequently, misadjustment of the barrel on the
pintle results primarily from wear of the bearings
20 and resultant travel of the barrel toward that
end of the pintle. The adjustment above.de-
scribed, therefore is effective for maintaining the
proper clearances, -

Thus with the barrel mounted on the pintle as
described, instead of in the casing, arcuate clear-
ance and relationship between the pintle: and
barrel is maintained at all times and the barrel
and pintle form a substantially self-contained
unit. Since the valve portion is very short and
the taper very pronounced, and the radial clear-
ance is positively maintained, an effective oil fiim
is maintained between the barrel and pintle co-
extensive with the valve portion 6b. Substan-
tially hydrostatic balance of the barrel and pintle
results and the only torque necessary for rotating
the barrel is that to overcome the slight and neg-
ligible frictional resistance of the barrel itself ]
and viscuous friction of the fluid. )

The barrel is provided, in the zone of the pintle
valve portion 8b, with a plurality of circumfer-
:ntially spaced radial cylinders 21, each of which
has a cylinder port 28 cooperable successively
with the ports 7 and 8 of the pintle as the barrel
rotates. Mounted one in each cylinder are radial
pistons 29, each of which has a rigid T-head 30,
later to be described, for effecting load transmis-
sion between the pintle and rotary reactance, and
torque transmission between the rotary reactance
and barrel, - ‘ .

The rotary reactance comprises & generally
annular member 32 surrounding the barrel and
having a cooperating annular ring 33 which
forms the circumferentially closed wall of the
member 32, the member 82 and ring 33 thus pro-
viding a series of generally chordal recesses in

which are received, respectively, the T-heads. 38

of the pistons. The members 32 has a series of
spenings 32a for accommodating the pistons and
has shoulders 32b engaging the radially inward
faces of the piston: T-heads for actuating the
pistons on the radially outward strokes. o

Mounted within the recesses are reactance
blocks or interponents 84, each of which has an
inwardly disposed chordal face and an out-

wardly disposed cylindrical face, the eylindrical .

face being coaxial with the ring 33 and slidably
abutting the inner wall of the ring so that the
block - 34 .may shift slightly circumferentially
therein. The inner or chordal face of each block
34 engages the outwardly exposed face of the
associated T-head 38. By this arrangement
wedge-shaped oil films form between the T-heads
and blocks 34 and self-alignment and uniform
load transmission is effected during concurrent
rotation of the barrel and rotor.

In order to provide anti-friction cooperation
between the T-heads 30 and the blocks 34, each

3

of the blocks 34 is provided, at its inner face, with
& trough 34a in which are received a plurality of
elongated hydralically caged rollers 35, the roll-
ers being either true capillary cageless needle
rollers or larger rollers but, in any event, so
spaced that the total clearance therebetween in
the directfofis of rolling movement is such that
only . capillary spacing of each roller from the
others and from the ends of the trough 34a is
permitted. By this arrangement, slip fluld may
enter the trough 34a and the centrifugal pressure
fluid will maintain the proper presstire and capil-

10

lary oil films between the T-heads and the blocks '

34 and capillary films between the rollers 35, so
that combination, high pressufe, oil and capil-
lary and anti-friction bearings are provided.

34b, both ‘the inner and outer surfaces of the

shoulders being cylindrical and coaxial with each’

other about an axis parallel to or coincident with
the axis of the reactance rotor or barrel. - Com-
plementary cylindrical shoulders are formed on

"the radial walls of the member 82, as indicated

at 32c, and engage the inner eylindrical walls of
the shoulders 34b. The outer.walls of the shoul-
ders 34b engage and are complementary to the

- inner cylindrical wall surface of the rings 33.
, Consequently, on the suction strokes of the pis-

tons, the clearance between each T-head and its
associated block 34 will be coextensive with the
T-head and positively formed for admitting slip
fluid therebetween.

As hereinbefore mentioned, clearance axially of
the reactance rotor is provided between the lat-

eral faces of the T-heads 30 and aligned radial.

wall portions of the recesses so that, upon axial

- adjustment of the barrel, the T-heads may ac-

commodate themselves properly.

Since the ring 33 is separately made, it is ap-
parent that both it and the member 32 may be
machined and hardened and polished where de-
sired both accurately and economically. Fur-
thermore, the blocks 34 are suspended and doubly
guided by the shoulders 32¢ and inner cylindrical
surface of the ring 33, so that they may shift cir-
cumferentiaily of the. reactance rotor for seli-
alignment in operating position and for creating
oil films on all of their surfaces. :

" The reactance rotor is mounted through the x

medium of heavy anti-friction bearings 86 in and
coaxial with an adjustable reactance stator 27,
the reactance stator and reactance rotor being
constrained to coaxial relation with respect to
each other at all times, The stator 3%, in turn,
is provided at its outer surface with diametrically
opposite flat slide bearing surfaces 38 which co-
operate with complementary surfaces 39 formed
on the interior of the casing § so that the stator
3T may be adjusted in either direction from co-
axial relation with the pintle to an eccentric rela-
tion therewith.. It is important to note, however,
that at all times the reactance stator, and conse-
quently the reactance rotor, maintains a position

"in which its axis of rotation is either coincident

with or parallel to the pintle axis and lies at all

‘times in a fixed plane defined by the dead center-

line of the bridges 8 and 10 of the pintle and the
axis of the pintle. "' Thus the reactance rotor
moves, during adjustment, with its axis always in
a plane through the axis of the pintle and the

- dead center of the bridges while remaining par-

allel to the pintle axis. Consequently in any ad-
justed position of the reactance rotor, the pistons

15

-As better .illustrated in Figs. 1 and 3, edch of .
‘the blocks 34 has laterally extending shoulders

20

23

30
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. are at their extreme outward or inward position 78
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in the cylinders when aligned with and centered .

on the dead centers of the respective bridges.
For adjusting the reactance housing and rotor
from.the outside of the casing, suitable control
rods 40 are provided.

Heretofore, in pumps and motors in which both
a driven rotary reactance was to be utilized, and
variable displacement was to be effected the
practice was to provide a driven means coaxial
with the reactance rotor and to effect the vari-
able displacement by shifting the pintle and the
barrel. Two manners of effecting this relative
shifting of the barrel and pintle are now utilized.
The first is to mount the pintle at the end of a
pendulum or swinging arm and provide flexible
joints or connections between the.ducts of the
pintle and the remainder of the hydraulic cir-
cuit so that the pintle can be swung to different
positions during operation of the pump. In this
type of structure, however, when the pintle is
thus swung about a fixed point eccentric to its
axis, there necessarily occurs a .partial rotation
of the pintle about its own axis. The eccentric
disposition of the rotary reactance, on the con-
trary, is fixed in position circumferentially of the
pintle. Therefore, when the pintle is concentric
with the rotary reactance, a condition occurring
only at zero stroke, the bridges of the pintle are
in a normal circumferential position relative to
the reactance rotor, in which the dead center
plane of the bridges and eccentric plane of the
barrel and reactance are identical. Upon swing-
ing the pintle, however, the bridges are rotated
out of the proper dead center with respzct to the
plane of eccentricity so that they are either
slightly in advance of or to the rear of the cylin-
der ports when the piston are at their dead
center strokes, either in extreme radially inward
or outward positions. Consequently, the proper
timing between the pintle ports and cylinders is

prevented and undue precompression and expan- |

sion of the pressure fluid resuilts in dynamic un-
balance of the pintle with the accompanying dis-
advantages of extreme hammering, wear, vibra-

tion and destruction of the pump structure.

Again the pintle of such structures necessarily

must be shiftable for adjusting the stroke in the .

very plane in which the greatest hydraulic load
oceurs, that is, in the plane‘of the dead center
positions of the pistons. Necessarily, therefore,
the pintle cannot be permanently secured against
movement in these directions. .

Here is should be noted that the pump of the
present invention is for extremely high pressures,
in which the eccentricity must be accurately
maintained, and for such use the prior structures
would be inoperable. '

First, in the swinging pintle pump, when oper-
ated at high pressures, the pintle gradually
creeps to zero stroke position, the stroke contin-
uously varying until this position -is reached.
Again, it is impossible to support the swinging
arm on g pivet and the pintle on the arm at a
position remote from the pivot with sufficient ri-
gidity to prevent deflection or tipping of the pintle
and deflection of the arm itself. These deflec-
tions change the relation between the pintle and
other operating parts- of the pump. This disad-
vantage cannot. be overcome by shortening the
supporting arm, as this in turn would result in
greater rotation of the pintle about its own axis
for a given eccentric setting.

The present pintle, as explained, is supported
fixedly in the casing with the dead center line
of the pintle bridges lying in a fixed plane defined

‘Plane.
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by the axes of the pintle and reactance rotor,
later to be described, in all adjusted positions of
the rotor, so that the dead center position of the
pistons is always in the same plane as the dead
center of the bridges. Thus accurate timing is
assured. As a result, proper pre-compression
and expansion of the working fluid in the cylin-
ders is obtained and smooth, silent operation pro-
vided. Were accurate timing not provided, as is
the case with prior structures, undue precom-
pression of the fluid and only partial filling of
the cylinders would result and cause excessive
noise, hammering and vibration. At high pres-
sures, the vibrations due to this mistiming be-
tween the pintle and cylinders are transmitted
to the swinging arm, causing periodic oscillation
thereof which disturbs the relation of the pintle,
barrel and reactance and causes dangerous vibra-
tions throughout the structure.

Another attempt has been made to maintain .

proper valving relation and variable delivery by
mounting the pintle for straight line adjustment
between ways extending parallel to the dead
center plane of the pintle bridges, the reactance
rotor having its axis fixed in the said dead center
This structure also requires a telescop-
ing or flexible connection between the pintle
and external fluid circuit. Aside from this dis-
advantage, it also fails to maintain the accuracy
of setting required, due, primarily, to the fact
that the slot or support in which the pintle is
mounted for sliding to and fro in a straight line
must necessarily extend parallel to the plane
through the axis of the pintle and dead center of
the bridges. Thus, at dead center piston posi-
tions, the directions of greatest forces applied to
the pintle, there is no resisting support and the
pintle tends to rock in the eccentric plane through
the bridges and gradually works toward concen-
tric position with respect to the reactance rotor.

Attempts were made to support the opposite
end of the pintle in suitable bearings in the parrel
with a corresponding slot. However, when the
pintle is disposed eccentrically in the bearing at

‘such end, forces transversely of the slot are trans-

lated into both tangential and radial force com-
ponents ‘which, in turn, tend to twist or subject
the pintle to torque.

Thus five conditions must be met concurrently
if successful operation is to be obtained, namely:
(a) a directly driven rotary reactance is to be
utilized; (b) variable displacement is to be pro-
vided; (¢) accurate timing -must be maintained;
(d) the pintle must be fixedly and rigidly fixed

in position; and (e) adjustment of stroke must 5

be in the plane of the dead center line of the
bridges and dead center plane of the pistons.
Obviously, the first type of prior structure fails

)|

B {

5(

to meet, among others, conditions ¢, d, and e; -

the second, conditions ¢ and d, and others various

ones of these conditions. None of the prior-

structures meets all of the requirements.

In the present structure, however, the dead
center plane of the bridges and the plane of
eccentricity are always identical and conform to
the section plane I—I of Fig. 2, and all of the
other conditions above enumerated are met.

Referring next to the direct driving means for

- the reactance rotor, the reactance rotor carries

at the end adjacent the free end of the pintle, a
hub portion having a radial end wall 50, closing
the entire end of the rotor. The ena wall 58, in
turn, has at its outer surface a diametral slot S8a
for effecting a driving connection between it and

6l

6.

-y
-

a suitable planetating disc, to be described. An 7§
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impeller shaft §1 is mounted on suitable sets of
tapered bearings 52 in the end cover 4, the bear-

_ings cooperating to cons‘rain the shaft to fixed
axial position. Carried on the inner end of the
shaft §{ is a face plate 5ia on which is provided .

a diametral slot 5(b. For connecting the re-
actance rotor and shaft 51 through the medium
of the slots 50a and 5ib, a planetating inter-
Ponent or disc 53 is provided. As better illus-
trated in Figs. 6 to 8 inclusive, the disc has at
the face adjacent the reactance rotor a diametral
tongue 53¢ which is slidably received in the slot
50a, and has at its opposite face a tongue 530
which is slidably and snugly accommodated in
the slot §1b of the plate 5la. The tongues 53a
and 53b are both diametral and extend at right
angles to each other, and the disc or interponent
is snugly received between the end wall 50 of the
reactance rotor and the face plate §5fa of the
shaft 8. Consequently, in any eccentri¢ posi-
tion of the reactance rotor, one component of
eccentricity may be compensated by travel of the
tongue 53a along the slot 50e¢ and the comple-
mmentary component of eccentricity may be simul-
taneously compensated by travel of the tongue
53b along the slot 51b. If desired, suitable anti-
friction means may be provided for effecting
better anti-friction cooperation between the re-
spective tongues and slots. .

Since the impeller shaft is maintained at all

times in concentric relation to the pintle and in

fixed axial position by its independent mount-
ing in the bearings 52, no vibrations or axial
thrusts due to the driving connection are trans-
ferred by it to the reactance rotor, all such vibra-
tions and forces being taken by the bearings 52,
as also are all axial thrusts on the shaft. There-
fore, the reactance rotor is subjected only to
radial hydraulic load and the actual torque forces
developed for rotating the barrel. The pistons
themselves are relieved from any rocking move-
ment and stresses tending to rock them as they
veed only transfer to the barrel the negligible
torque required to rotate the barrel itself. All
forces and vibrations, therefore, are segregated
to the independent sub-assemblies. _

Since the reactance rotor is directly driven by
the impeller, the power required to rotate the

. reactance rotor and its'large supporting bearings,

60
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is directly applied to the rotor and does not have
to be transmitted by the pistons; as in the case
wherein the barrel itself is driven directly by an
impeller shaft. Instead, the only torque which

must be transmitted by the pistons is that neces- .

sary for rotating the free barrel, the relatively
small pitch diameter bearings 19 and 20 for which
the power required is negligible due to the pintle
being hydrostatically balanced, the bearings gen-
erally under no‘unbalanced load, and to over-
come the viscuous friction between the barrel and
pintle. Since in any eccentric position of the

sotor, the planetating interponent assumes a

given axis of rotation of its own and is in any
event relatively light in comparison with the
power transmitted, substantially no unbalanced
forces result therefrom which might cause vi-
bration of any of the other parts. :

The present structure also lends itself to co-.
operation with a prime mover having its impeller

shaft coaxial at all times with and directly con-
nected to the reactance rotor, the prime mover
being mounted for adjustment concurrently with
the reactance rotor to different eccentric posi-
tions.

Another advantage of the present structure is

5

that the adjustment is by adjustment of the ro-
tary reactance and hence in the plane of the pis-
tons instead of spaced from the piston plane, as
in the case of adjustable pintles.

Again, since the reactance rotor is sealed at one
end by the wall 50, slip - fluid may be retained
readily on all the working parts by provision of
a shield at the open end of the reactance rotor.

It is apparent from the foregoing description
that a simple, compact and highly efficient varia-
ble displacement type of rotary, radial piston,
pump or motor is provided in which the rotary
reactance is directly driven so as to relieve the
pistons from the torque necessary to rotate heavy,
large pitch diameter supporting bearings and at
the same time, the disadvantages inherent in
the shifting pintle type of structure are elim-
inated. What appears at first glance to be a re-
versal of parts, in that the pintle is stationary and
the reactance. is shifted, whereas in prior struc-
tures the rotary reactance is fixed and the pintle
is shifted, is found, upon closer consideration to
result in operations which cannot. be produced by
the prior structures and in elimination of disad-
vantageous effects inherent in the prior struc-
tures. -

Having thus described my invention,

I claim: :

1. In a rotary, radial piston pump or motor, a
casing, a rotatable barrel having a set of radial
cylinders, valve means for the cylinders, pistons
in the cylinders respectively, a rotary reactance
for actuating the pistons, means supporting the
reactance for rotation about its axis and for ad-
justment and constraining the reactance to ad-
justed positions wherein its axis is parallel to
and in a fixed plane through the axis of the
pintle, an impeller rotatably supported independ-
ently of the barrel and reactance in fixed posi-
tion radidily of the casing and in axial align-
ment with the pintle, and planetating means op-
eratively connecting the impeller and rotary re-

. actance for effecting driving relation therebe-

tween, and rotation of the reactance and impeller
about their respective axes concurrently.

2, In a rotary, radial piston pump or motor, a
rotatable barrel having a set of radial cylinders,
& stationary valve pintle coaxial with the barrel
and having valve ports in valving cooperation
with the cylinders, pistons in the cylinders, a re-
actance rotor for actuating the pistons, means
mounting. the reactance rotor for adjustment into
different positions of eccentricity with respect to
the pintle while constraining the axis of the

veactance to positions wherein its axis is in a

fixed plane through the pintle axis, an impeller
coaxial with the pintle and mounted in the casing
independently of the barrel and in fixed position
radially, planetating means drivingly connecting
the impeller and reactance rotor in all adjusted
positions of the reactance, and means for adjust-
ing the reactance to vary the stroke. .

. 3. In a rotary, radial piston pump or motor, a.

casing, a pintle fixedly mounted therein, a barrel
supported on the pintle and constrained to con-

" centricity and positive radial clearance with re-
spect thereto, and having a plurality of radial cyl-

inders, pistons in the cylinders respectively, said
pintle having ports in- valving cooperation with
the cylindérs, a reactance rotor for actuating the
pistons and disposed in surrounding relation to
the. barrel, an adjustable stator in surrounding
relation to the reactance for supporting the re-
actance, bearing means interposed between the
reactance and stator and supporting the reac-
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tance for rotation about the reactance axis,
means mounting the stator for adjustment to dif-
ferent eccentric positions with respect to the
pintle wherein the axis of the reactance is in a
fixed plane through thé pintle axis, an impeller
means mounted independently of the barrel and
reactance and in fixed position radially in the
casing, and planetating means drivingly connect-
ing the impeller means to the redctance, for con-
current rotation of the impeller means and re-
actance about their respective axes.

4. In a rotary, radial piston pump or motor
a casing, a pintle mounted by one end therein,
bearing means positively mounting the barrel on
the pintle with fixed radial clearance space there-
between, said barrel having radial cylinders, pis-
tons in the cylinders respectively, said pintle hav-
ing ports in valving cooperation with the cylin-
ders, rotary reactance means adjustably mount-

ed in the casing in surrounding relation to the:

barrel for adjustment to different eccentric po-
sitions relative thereto and being connected to the
pistons for actuating the same, said reactance
means having a transverse disc portion spaced
axially of the pintle beyond the free end of the
pintle and adjacent the end of the barrel, an
impeller rotatably mounted in fixed radial po-
sition in the casing and having a disc portion
spaced axially from and being parallel to the
transverse disc portion of the reactance means,

and planetating mesns interposed between said

disc portions of the reactance means and im-
peller and drivingly connecting the same to re-
lieve the pistons and cylinders from the driving
torque necessary to rotate said reacfance means.

5. In a high pressure, variable displacement,
rotary, radial piston pump or motor, a casing, a
rotatable barrel having a plurality of radial cyl-
inders, pistons in the cylinders respectively, a
pintle in valving cooperation with the cylinders
and fixed in position in the casing, rotary re-
actance means for the pistons, impeller means
mounted in the casing in axial alignment with
the pintle for driving the reactance means, plane-
tating means connecting the reactance means and
impeller means in all adjusted positions of the
reactance means, means mounting the reactance
means for adjustment to different positions of
eccentric relation with respect to the barrel while
constraining the reactance means to adjusted
positions wherein its axis is in a fixed plane
through the axis of the pintle, and control
means engaging the reactance means in the zone
of the pistons, and extending radially of the re-
‘actance means in said fixed plane, whereby
working reactance forces are more efficiently ap-
plied.

6. In a high pressure, variable displacement,
rotary, radial piston pump or motor, a casing, a
rotatable barrel having a plurality of radial cyl-
inders, pistons in the cylinders respectively, a
pintle having diametrically opposite ports and

" bridges therebetween, and being in valving co-
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operation with the cylinders and fixed in posi-

tion in the casing, rotary reactance means for.

the pistons, impeller means mounted in the cas-
ing in axial alignment with the pintle for driving
the reactance means, planetating means connect-
ing the reactance means and impeller means in
all adjusted positions of the reactance means,
means anti-frictionally mounting the reactance
means for rotation and supporting the reactance
means for adjustment to different positions of ec-
centric relation with respect to the barrel while
constraining the reactance means to adjusted po-
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sitions wherein its axis is in a fixed plane through
the axis of the pintle and dead center line of the
bridges, and control means for moving the re-
actance means to different adjusted positions,
said control means being connected to the re-
actance means for applying force thereto radially
along said dead center line of the bridges.

7. In a high pressure rotary, radial piston vari-
able delivery pump or motor, a casing, a sta-
tionary pintle having a valve portion and fixedly
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mounted in the casing, a cylinder barrel ro- -

tatably supported on the pintle and having a valve
bore fitting the valve portion of the pintle and
constrained to concentric relation and positive
radial clearance with respect to the pintle valve
portion, said barrel having a plurality of radial
cylinders, pistons in the cylinders respectively, said
pintle valve portion having diametrically opposite
valve ports for the cylinders and bridges there-
between, a reactance rotor surrounding the barrel
in the plane of the pistons and connected to the
pistons for actuating the same, impeller means
fixedly mounted in the casing in axial alignment
with the pintle, planetating means connecting the
reactance means and impeller means in all ad-
justed positions of the reactance means, means
in the casing and positioned axially of the re-
actance means in the zone of the pistons for ad-
justably supporting the reactance rotor for move-
ment to vary the stroke and constraining the ro-
tor to positions wherein its axis is parallel to
or coincident with the pintle axis and in a plane
defined by the pintle axis and dead center line of
the pintle bridges.

8. In a rotary, radial piston, variable delivery
pump or. motor, a casing, a stationary pintle
mounted in fixed position therein and having a
valve portion, a_cylinder rotor supported solely
by the pintle and having radial cylinders in valv-

- ing cooperation therewith, pistons in the cylinders

respectively, positive mounting bearing means op-
eratively '‘interposed between the cylinder rotor
and pintle, an adjustable stator, a reactance ro-
tor connected to the pistons for actuating the
same, positive mounting bearing means rotata-
bly supporting the reactance rotor in the stator
and entirely independent of the cylinder rotor,
an impeller, positive mounting bearing means
rotatably supporting the impeller in the casing in-
dependently of the rotors and in fixed axial align-
ment with respect to the pintle, and planetating
means drivingly connecting the impeller to the
adjustable rotor in all adjusted positions of the
adjustable rotor.

9. In a variable delivery, rotary, radial piston
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pump or motor, an inner and an outer rotor, one -

of said rotors having radial cylinders, valve
means for the cylinders, pistons in the cylinders
and connected to the other rotor for operation
thereby, means mounting and constraining said
rotors to adjustment into positions wherein their
axes are coincident or parallel and in a fixed
plane, said means being positioned in the plane
of the cylinders and piston actuating rotor, and
control means operative to move the rotors rela-
tively into different adjusted positions by force
applied radially along the dead center positions
of the pistons, and impelier means in coaxial
relation with the axis of rotation of the cylinder
rotor and planetating means operatively con-
necting the impeller means and the piston actu-
ating rotor for driving the piston actuating ro-
tor in all relatlvely adjusted posmons of . said

rotors.
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10. In a rotary, radial piston, variable delivery 75
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pump or motor, a rigid casing, a pintle fixedly

secured therein, & cylinder barrel rotatively posi-
tively mounted solely on said pintle and having

a plurality of radial cylinders, pistons in the
"cylinders, said pintle having diametrically oppo- -

site. valve ports in valving cooperation with the

" cylinders and bridges between the ports, a re-
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actance stator positioned axially of the casing in

-the zone of the cylinders, a reactance rotor ro-
" tatably mounted in the stator, an impeller means,
.means rotatably mounting the impeller means

in the casing and constraining the impeller means

“to fixed radial position in the casing, planetating

means operatively interposed between the re-
actance rotor and impelier means for drivingly
connecting the same at all times, means in the
casing in the said zone of the cylinders support-
ing.the stator for-adjustment parallel to a plane

- defined by the pintle axis and dead center line of
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the bridges to different eccentric. positions, and

.means operating in said zone of the cylinders

for moving the stator to said adjusted positions.

. 11. In a rotary radial piston reversible pump -
or motor, a casing,.a.pintle mounted in the cas- .
ing and having a valve portion with diametrically:

opposite ports, valve bridges between said ports,

an adjustable stator swrrounding the pintle at

the.valve portion, gulde means in fixed position -

_relative to the pintle and having a pair. of flat

with respect to the pintie and diametrically oppo-
site from each other and parallel to the plane de-

fined by the pintle axis and dead center line of

the bridges, and positioned in radial alignment
with the pintle valve portion, diametrically oppo-

., site siide bearing surfaces on the stator in coop-

eration with said first bearing surfaces respec-

.tively for supporting the stator for adjustment to

different eccentric- positions, a barrel rotatably
supported on the pintle, a plurality -of radial
cylinder and piston assemblies carried by the
barrel, a reactance rotor rotatably mounted in
the stator and connected to the pistons of said
assemblies, the cylinders of said assemblies being
in valving. cooperation with the pintle, impeller
means rot&tably mounted: in fixed position ra-

-

. parallel guide surfaces symmetrically arranged
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dially in the casing, planetating. means drivingly

. connecting - the reactance rotor and impeller
means in all adjusted positions of the reactance
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rotor, and control means for moving the stator -

to different adjusted positions to vary the. stroke,
sald control means being positioned at the inter-
section of the plane defined by the pintle axis and
dead center line of the bridges with the plane of

-the piston axes, and operative along said inter-

sectlon for movinz the stator.
. ELEK E. BENEDEK
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