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This invention relates to pumps and motors
of the rotary radial piston type in which T-head
pistons are employed for effécting positive driv-
ing relation through the medium of the pistons,
between the primary and secondary rotors.

The principal object of the present invention is
to provide combined hydrodynamic and capillary
oil film bearings in cooperation with the piston
T-heads and rotary reactance through the medi-
um of which films hydraulic load and torque are
transmitted to and from the T-head in the most
efficient manner and by which an elastic and uni-
form - distribution and application of eccentric
load and torque forces are maintained.

More specifically, an object of the present in-
vention is to provide a piston reactance inter-
ponent for cooperation with the T-head and ro-
tary reactance, with which interponent the T-
head  is cooperated through the medium of
wedge-shaped hydrodynamical oil films and the
interponent is in oscillating rolling cooperation
with the reactance rotor through the medium of
a capillary oil film so that its oscillation is
damped and controlled by the capillary oil film.

A correlative object is to provide a floating
reactance interponent between the T-head of the
piston and the rotary reactance which is of such
configuration in relation to the piston head and
reactance that both hydrodynamic and capillary
pressure oil films are maintained therebetween
for increasing the efficiency of cooperation be-
tween the block, reactance, and T-head.

Another object is to provide a hydraulic pump
or motor of this general type which will with-
stand higher operating pressiires and speedswhile,
at the same time, operating with reduced fric-
tional resistance, wear and noise, and in which
the risk of seizure during load transmission is
substantially eliminated.

Another object is to provide a more improved
and cornpact pump structure with higher operat-
ing cfficiency.

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 sectional view of a pump
or motor embodying the principles of the present
invention, and is taken through the axis of rota-
tion of the cylinder barrel and pintle, as indicated
hy the line {—{ in Fig. 2;

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

Figs. 3 and 4 are fragmentary sectional views
similar to Fig. 2 illustrating respectively certain
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modified structures by which the required oil
films and coaction are obtained;

Figs. 5 and 6 are elevations respectively of T-
head pistons, partly in section, showing special-
ized piston T-heads made of different materials &
for reducing friction and maintaining oil films;

Figs. 7 and 8 are a side elevation and a frag-
mentary sectional view, respectively, of a piston
T-head and interponent combination illustrating
still another modified structure for creating the 10
combination oil films; :

Fig. 9 is an elevation, partly in section, illus-
trating a babbited piston T-head on each face of
the head;

Fig. 10'is a fragmentary longitudinal sectional 15
view. of & pump or motor piston and reactance
combination illustrating: a modified bearing
structure for the adjustable reactance assembly;

Fig. 11 is a sectional view taken on a plane in-
dicated by the line {{—1{1 of Fig. 10;

Fig. 12 is a fragmentary longitudinal sectional
view of a reactance and piston combination illus-
trating a modified T-head for reactance cooper-
ation;

Fig. 13 is a sectional view taken on a plane in-
dicated by the line 13—1i3 of Fig. 12;

Fig. 14 is an elevation of the piston T-head
and interponent combination illustrating a modi-
fication of the present invention; and

Fig. 15 is g diagrammatic illustration of the op-
eration of the structure illustrated in Fig. 14.

Referring to the drawings, the present inven-
tion is shown embodied in a pump or motor in
which the cylinder barrel carries the impeller
shaft, its operation in connection. with other
pumps or motors wherein the rotary reactance
is the primary rotor being readily apparent there-
from.

The operating structure of the pump or motor
is enclosed in a casing 1, comprising an annular
wall 2 closed at one end by an internal radial
end wall 3, the radial wall terminating in a hub
portion 4, and the opposite end of the casing be-
ing closed by a rigid end cover 8. Mounted with-
in the hub portion & of the casing in fixed and
non-rotative position is the shank 6a of a valve
pintle 6 which pintle protrudes from the hub- por-
tion 4 into the interior of the casing and is only
indirectly supported at the opposite end. The
protruding portion of the pintle 6§ has a tapered
valve portion 6b in which are a port 7 and a di-
ametrically opposite and aligned port 8, the ports
1 and 8 being reversible and in valving coopera-
tion with the cylinder ports of the barrel. The
internal hydraulic circuit is completed by longi-
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tudinal ducts 9 and 10 in the pintle which con-
nect the internal ports 7 and 8 with main ports
11 and 12, respectively, disposed in the shank of
the pintle, The ports i1 and 12, in turn, are in
communication respectively with the fluid sup-
ply lines of the external hydraulic circuit through
suitable bores formed in the hub portion 4 of the
casing, in a well known manner.

At the ends of the valve portion 6b of the pintle
are bearing races I3 and {4 respectively, which
are formed directly on the pintle and accommo-
date elongated sets of rollers 15 and 16. The sets
of rollers 15 and 16, in turn, engage aligned race
portions of the wall of the barrel valve bore for
positively maintaining the pintle and barrel in co-
axial relation with each other and accurately
spaced relation for providing positive capillary
clearance between the pintle valve, portion 6b
and a correspondingly tapered and aligned por-
tion of the barrel bore wall. All above mentioned
races are formed of extremely hard material,
such as nitralloy or equivalent, to assure the
performance of the full complement bearing
structures 15 and 16 respectively.

Mounted within the casing for rotation about
the pintle is a cylinder barrel 18 which has a
set of circumferentially spaced radial cylinders
{9, each cylinder being provided with a valve port
20 for cooperation successively with the ports 1
and 8 consequent upon rotation of the barrel.
The barrel is rotatably supported in the casing,
independently of the sets of rollers 15 and .16,
on heavy duty combination load and thrust bear-
ings 21, so as to maintain the barrel in fixed po-
sition axially and radially with respect to the
casing. ‘In each cylinder is carried a radial pis-
ton 24 having a T-head 25 adapted for cooperat-
ing the piston with a rotary reactance for trans-
mitting load and torque.

The rotary reactance surrounds the barrel in
the zone of the pistons and T-heads and com-
prises an annular member 26 having radial side
walls or flanges 26a which lie alongside the heads
of the pistons. The member 26 has chordal sur-
faces 26b positioned between the flanges near
their base and providing chordal or tangential
bearing surfaces or guideways 26c for engage-
ment with the radially inward face portions of
the T-heads 25, respectively. Surrounding the
annular member 26 and forming a part of the
reactance rotor is a rigid cylindrical load react-
ance support 28 which, in combination with the
annular member 26 and shoulders 26b, defines a
series of circumferential or chordal recesses in
which the T-heads 25 are accommodated.

In the recesses and interposed one between the
support 28 and each piston head are reactance in-
terponents 38, each of which, at one face, en-
gages the load face of the associated T-head 25,
and which, at its other face, is in engagement for
load reactance with the support 28, the specific
cooperation and configuration of the parts be-
ing more fully described below. For rotatably
and adjustably supporting the rotary reactance,
a reactance stator 31 is provided, the stator hav-
ing an internal recess 32 which is preferably co-
extensive axially of the stator with the T-heads
25 and interponents 30, projected.

Mounted within the recess 32 are heavy, elon-
gated rollers 33 which rotatably mount the sup-
port. 28 in coaxial relation with the stator 3i.
The rollers 33 are spaced a capillary distance
from each other for maintaining oil films there-
between .and for distributing the load more uni-
formly, and likewise terminate lengthwise. of the
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recess 32 in closely spaced relation to the ends
thereof so as to provide positive axial clearance
spaces between the ends of the rollers 33 and
the end walls of the recess 32. Thus the rollers
are constrained to the desired circumferentially
spaced relation with respect to each other by
capillary oil films and also to positive rolling re-
lation with respect to their races. Suitable ad-
justing means 34 are connected to the stator 31
for shifting the stator to different positions of
eccentricity with respect to the axis of rotation
of the barrel for varying or reversing the stroke
of the pump.

Referring next to Figs. 1 and 2, in detail, and
to the cooperation among the reactance inter-
ponents 30, the reactance rotor, and the T-heads
25 of the pistons, the interior surface of the load
supporting member 28 is cylindrical, polished,
and hardened. Each interponent 30 is prefer-
ably formed with a generally chordal inner face
for engagement with the outer face of the as-
sociated T-head and an arcuate, generally cy-
lindrical or spherical outer face for coaction with

" the inner surface of the member 28, both sur-

faces of the interponents being hardened and pol-
ished. The outer cylindrical surface of each in-
terponent 30, however, is of slightly less radius
than the radius of the inner cooperating sur-
face of the member 28, as better illustrated in
Fig. 2 wherein the difference in curvature is exag-
gerated for clearness in illustration. As a re-
sult of this difference in radius, it is apparent that
very small tapered interspaces 36 will be defined
between the outer surface of the interponent 30
and the cooperating bearing surface of the load
supporting member 28. When the interponent 30
is in normal intermediate position or dead center
position, these spaces will be present at each end
of the interponent, being thickest radially at the
ends of the interponent and tapering gradually to
the midportion, and being generally wedge-
shaped. Thus each interponent 30 is free to
oscillate and pivot by rolling cooperation with
the inner surface of the member 28 consequent

upon eccentric disposition of the load of the T- .

head or upon torque transmission, instead of
sliding therealong, as in prior structures. Dur-
ing oscillation the pivotal axis migrates to and
fro along the support 28.

Assuming that the direction of rotation in
Fig. 2 is clockwise, it is apparent that as the pis-
ton head leads from its normal central position
with respect to the interponent 30, the inter-
ponent will roll slightly toward its leading end,
decreasing the space 36 at that end and in-
creasing the space 36 at the opposite or trailing
end. Conversely, as the piston head oscillates
and lags toward the trailing end of the inter-
ponent, the leading space 36 is increased and the
trailing space 36 is decreased. Since these spaces
are of capillary sizé, however, fluid is maintained
therein at all times and forms therein tenacious
high pressure capillary films. Each film, though
partially displaced due to the slight rolling action
at the particular end, is concurrently augmented
at the other end, and, upon reversal of the rolling
movement of the interponent 30, the displaced oil
film is replenished both by dynamic suction and
capillary force. At no time, however, is the film
completely displaced from the spaces 36. The
mechanical rolling oscillation of the interponent
is, therefore, resisted and cushioned by an oppos-
ing hydrostatic reactance force, uniformly ap-
plied. Thus both by actual mechanical pumping
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'nacious films are provided which damp and stabi-

lize the rolling of the interponent, eliminate fric-
tion, and tend to distribute the load uniformly
and produce hydrodynamic balance of the eccen-
tric load of the piston. - This film is a hydrostatic
film. ‘

TIn addition to ‘the hydrostatic capillary film,
however, dynamie pressure fluid films are formed
between the coacting faces of the interponents
30 of the T-head 25, due to the relative motion of
the interponent with respect to the ecrosshead.
This dynamic film is due to three causes: origi-
nal misalignment between the interponent and
crosshead resulting from manufacturing inaccu-
racies, relative reciprocation thereof, and the ec-
centric piston load on the interponent.

Obviously, as the interponent oscillates by roll-
ing, the working face will tend to rock slightly
relative to the coacting working face of the T-
head and form wedge-shape clearance spaces into
which slip fluid is forced. As a resulf, tenacious
wedge-shaped oil films are formed between the
T-head and the inner face of the interponent
and distribute the load uniformly to the inter-
ponent. Thus automatic hydrodynamic equi-
librium. is maintained between acting and react-
ing radial forces, the interponent actually having
hydraulic load transmitted to it through the me-
dium of hydraulic films, and, in turn, transmit-
ting the load to the reactance through hydraulic
films. Reactance forces are correspondingly
transmitted. The exact benefits and effects of
this operation are illustrated more clearly by
comparison of the present interponent with cir-
cumferentially sliding interponents, such as de-
seribed in my copending application, Serial No.
736,550, filed July 23, 1934. The interponent of
my copending application is similar to the inter-
ponent 30 but has an outer surface congruent to
the inner surface of the support 28. Such an
interponent slides-bodily back and forth on the
interior of the ring 28 to compensate for eccentric
disposition of the load during oscillation of the
piston head, instead of rocking or rolling as-does
the interponent 30. Thus alignment between the
head and block results and oil films are formed
betwen the interponent and piston head. How-
ever, the sliding friction oftentimes is too great
to allow free movement of the interponent thus
it is delayed in its action, especially at starting
and at high speeds, so that instantaneous pinch-
ing and seizure often results before the infer-
ponent can adjust itself to the proper self aligned
position. Also extremely high temperatures are
developed which not only thin the oil films and
render them less effective but, in fact, soften and
anneal the bearing surfaces of the interponent
and T-head if they are made of hardened steel.
By providing the rolling interponent 30, such as
herein described, instantaneous alignment is ef-
fected as the interponent can easily roll into po-
sition unopposed by frictional resistance, and
pinching, and delayed action of the interponent
in moving into alignment is not encountered in
this novel structure.

Due to its instantaneous and more perfect
alichment, the present interponent distributes
the load more effectively. It might be that
disadvantages appear to have been introduced
in that the rocking action does not. appear to
provide as large and stable areas of contact be-
tween the interponent, the T-head, and the re-
actance rotor, but the contrary is true. By pro-
viding a rocking interponent of -this character
instead of a firmly seated sliding interponent,

3

and positive clearance and oil films instead of
mechanieal contact, sufficiently tenacious and
flexible support is provided to damp but not un-
duly restrict the rocking and self-alignment of
the crosshead and, at the same time, to distribute
the load over the entire bearing surfaces hy-
draulically and uniformly even under eccentric
load disposition, as the interponent operates flex-
ibly at all times between oil films. Thus the load
and torque and reactance force transmitted be-
tween the piston and the interponent and between
the interponent and reactance is uniformly dis-
tributed through the medium of the films, an ef-
fect which cannot be maintained by direct me-
chanical engagement of the operating surfaces
due to their more sluggish or unbalanced action
under friction and to inaccuracies in manufac~
ture. An equivalent of free reciprocation of the
crosshead is obtained such as could be obtained
pnly by maintaining the erosshead surfaces and
interponent surface in exact theoretical align-
ment at all times.

Without the intervening oil films, rocking of
the interponent would be transmitted to the pis-
ton and cause wearing out and subsequent rock-
ing of the piston in its cylinder. With the pres-
ent interponent, however, some slight rocking
tendency of the piston in its eylinder will be per-
fectly counteracted or balanced by means of the
oil film between cylinder wall and piston caused
by the pressure in the cylinder. After wearing
in of the piston no additional wear or rocking will
occur as pressure oil films will form between the
piston and its cooperating cylinder. The slight
rocking movement transmitted to the piston by
the present interponent is thus balanced by this
film, due to the cooperation of the above de-
scribed oil films, and consequently all load and
torque transmission will be balanced through the
medium of capillary and pressure films, either
static or dynamic.. The forces between the inter-
ponent 30 and support 28 are through the me-
dium of films in the spaces 36, these forces being
transferred to the T-head 25 through films be-
tween the outer surface of the T-head and inner
face of the interponent, the transfer of load
forces and torque from the piston T-head to
the barrel being through the medium of the pis-
ton and the oil film formed between the outer
portion of the piston and outer portion of its
associated cylinder. These films necessarily
damp and hydrostatically and hydrodynamically
balance all forces and automatically maintain
hydrodynamic equilibrium.

It should be noted that while the oil films be-
tween the interponents 30 and ring 28 are static
and will remain indefinitely when once formed,
the films between the inner faces of the inter-
ponents and the associated T-head are dependent
upon the motion between the two and will dis~
appear when the pump is stopped. They will
shortly be renewed, however, upon resumption
of the operation.

While not necessary, it is desirable to guard
against even remotely possible pinching of the
T-head between the surfaces 26c and inner face
of the interponent 38 at the short interval before
the oil film is renewed therebetween. For this
purpose, elongated cageless rollers 31, spaced a
capillary distance from each other, are inter-
posed between the inner face of the interponent
30 and the outer face of the T-head 25. A suit-
able retaining trough 25«¢ of such length as to
provide a total clearance in the direction of os-
cillation only sufficient to permit capillary spac-
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ing-of the individual rollers from ‘each: other and
relative oscillation of ‘the rollers as an-assemblage
is formed in the outer -face of the head. 'The
rollers 31, as. a set, travel only one half of the
relative. travel of the head 25 and associated
interponent 30 during the relative oscillation
thereof. Since the rollers are free capillary
needle rollers they will maintain their parallel-
ism and be held together in proper position as
an assembly by the capillary oil films formed
thereabout and, in turn, will retain the films
which act as an elastic cage. Once the oil films
are established therefor the rollers will be spaced
thereby and at the same time constrained from
additional separation even under high speed os-
cillation. Therefore, the slot 25a¢ may be just
enough longer than the set of rollers in the direc-
tion of oscillation to permit the oscillation of
the rollers to the extent necessary during full
stroke operation of the piston. It should be
noted that the needles 37 are, in fact, rollers
and not merely fixed needles which latter would
provide only a slide bearing surface. In the con-
ventional type of rollers, .concentration of the
load on the rollers at one side of the piston axis
occurs which, if existing for a short interval with-
out proper lubrication, causes a flattening of the
roller. Once the roller has become flattened in
this manner, it thereafter ceases to operate as a
roller but operates only as a short fixed sliding
surface which will soon destroy the cooperating
bearing surface of the interponent and T-head.
With the present disposition of the rollers, how-
ever, absolute uniformity and distribution of the
load is effected, the same as though the full faces
of the elements were in contact, and further-
more, the films are retained by capillary action
so that lubrication is present at the instant of
starting.

Due also to the oil films, not only is the hy-
draulic load equalized and balanced, but the
parts are reidered so freely cooperable that the
torque is also equalized and evenly distributed so
that each piston crosshead carries and transmits
an equal portion of the torque, whereas, were
the interponents pinched or fixed in position, the
loaded pistons or pressure pistons would tend to
bind therewith so that all of the torque trans-
mission would be through the medium of the
loaded pistons only. -In the present design, due
to the capillary oil films maintaining all the
interponents in almost the same relationship to
their respective T-heads, each T-head will trans-
mit its proportionate part of the torque irrespec-
tive of the hydraulic pressure under -which it is
operating at the particular instant.

Referring next to Fig. 3 a slightly modified
crosshead and reactance combination having cer-
tain advantages is illustrated. In this structure,
an interponent 40 is provided which has a chordal
face and a cylindrical face, the cylindrical face
being of the same radius as the rotary reactance
support or ring 41. The guide surfaces 42 of the
reactance are also chordal and plane surfaces.
The T-head, however, has slightly cylindrical
outer and inner surfaces so as to form positive
wedge-shaped spaces 44 and 45 respectively be-
tween one surface of the interponent 49 and the
supporting ring 41, and between the other .sur-
face of the interponent and guide surfaces 42,
for creating the oil films and obtaining coopera-
tion similar to that obtained with the rolling
oscillation of the interponent 30,

In Fig. 4 is illustrated an interponent com-
prised of a plurality of segments 50a, 50b and
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50c, each-of which has a slightly different curva-
ture on its outer face than the cooperating sur-
face of the reactance ring 5i. Each also has
on its inner face a slight curved surface, the
inner surface of each cooperating with the slight~
ly cylindrical outer face 52a of a crosshead 52.
The inner surfaces 52b of the crosshead are like-
wise slightly curved and cooperate with the plane
guide surfaces 53 of the reactance. By this
structure, a plurality of wedge-shaped films are
obtained and each segment can adjust itself in-
stantly to the T-head independently of the other
segments. )

In Fig. 5 is illustrated a piston having a T-
head in connection with the interponent hercin
described and by means of which frictional re-
sistance between the piston and interponent is
reduced. This piston also has an advantage in
that the bearing surface of the T-head is re-
placeable.
ings, piston T-head 60 is provided on its woilk-
ing face with a groove which is preferably co-
extensive transversely of the head therewith.
The working face of the head is babbitted or
provided with wear-resisting inserts, as indicated
at 61, to provide the desired bearing surface, thus
having . the advantages of a babbitted sliding
bearing as well as ready replacement in case of
wear.

In Fig. 6 is illustrated a T-head 63 having at
its outer face a recess 63¢ in which are received
a plurality of light gauge metal plates 64, the
plates 64 preferably being hardened and polished.
The plates. 64 define a plurality of capillary inter-
spaces between their contacting flat surfaces
which will draw in lubricating fluid by capillary
action. This fluid will be partially squeezed out
during each pressure period of the pistons but
during the succeeding suction period will be re-
leased from the pressure applied by the react-
ance and again drawn in lubricant. This action
damps periodic impulses and harmonic vibrations
as well as assuring better lubrication and reduc-
ing noise and vibration.

In Figs. 7 and 8 is illustrated a piston in which
the working face 65¢ of the interponent 65 is
slightly curvilinear and cooperates with a flat
working surface on the piston head 86 to form
capillary wedge-shaped spaces 61. In this struc-
ture, which is especially useful for heavy duty
and large pistons, the piston head 66 is provided
with ‘transverse rectangular openings in which
are received a plurality of metal plates 68 for
holding fluid therein by capillary force so as to

provide additional damping of harmonic vibra- s

tions and.shocks. The outer surface 65b of the
interponent 85 is curved but may be of the same
or of a slightly smaller radius than the associated
reactance rotor.so as to positively assure wedge-
shaped spaces for formation of oil films between
the interponent and rotor as well as between
the interponent and head 66. The tapered or
wedge-shaped spaces assure maintenance of the
films at all times.

Fig. 9 illustrates a T-head, for use in connec-
tion with the above interponents, which has both
the inner and outer surfaces babbitted, the T-
head being designated generally as 69, the outer
babbitting 10 and the inner babbitting - 71. In
such a- structure, wear of the bearing surface
does not necessitate replacement of the entire
piston, but requires only rebabbitting.

Referring next to Figs. 10 and 11, these figures

illustrate a ‘“T-head and interponent combination

Referring particularly to the draw- .
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rotor with the reactance stator so as to provide
substantially continuous circumferential and di-
rect bearing support for the reactance rotor.
This combination is particularly useful in con-
nection with multi-stage pumps or motors where-
in ‘a number of reactance rotors must be placed
very closely end to end. In this stiucture the
piston is provided with a T-head 12 which is
recessed on its working face o receive capillaty
full complement needle rollers T3 or elongated
rollers having & total clearance in the direction
of operation in the T-head such that capillary
interspaces can be provided between the adjacent
rollers and the set of rollers can’ oscillate one
half of the reldtive distance of travel during
oscillation of the T-head and interponent. The
interponent 74 has a substantially chordal inner
face for cooperation with the outer face and roll-
ers 13 of the T-head. The outer face T4a of the
interponent is cylindrical and may be the sdme
or slightly less in radius than the inner coacting
surface of the reactance rotor 15. The interpo-
nent 14 is likewise provided with shoulders 74b
which are cylindrical on the outer surface and
form a continuation of. the surface T4a and
which, on their inner surface Tdc, may be of
slightly greater radius than the cooperating
shoulders 75a¢ formed in the reactance rotor for
cooperation with the interponent. ‘Thus a roll-
ing action and reaction for transmission of load
or suction force as well as for torque is provided.
The radial load transmission is thus directed sub-
stantially radially of the reactance rotor 15. To
transmit this load directly to the stator 16, the
stator is provided with a circumferential recess
16a extending axially of the stator so as to be
substartially co-extensive with the projected
width of the interponent T4, Within the recess
16aq are a plurality of elongated mneedle rollers
11 which may be capillary rollers’ or rollers of
greater than capillary dimensions, but positioned
with respect to each other circumferentially -of
the stator a capillary distance. The recess 16a
is substantially the same in depth or very slightly
less than the diameter of the rollers 71 so that
lubricant entering the recess may constrain the
rollers to @ capillary distance from each other
and may form around the ends of the rollers for
maintaining them in a position parallel to the
resctance stator. The reactance rotor 75 is re-
ceived axially-in the stator, its-outer circumfer-
ential surface, which is hardened and polished;
being snugly received in the-set-of rollers:-17-and
constrained thereby to an accurate co-axial rela~
tion with respect to the stator at all-times.
Referring next to Figs. 12 and 13 there is illus-,
trated a modified piston T-head and interponent
combination for use in connection with & rotary
reactance having chordal guide-ways for the
head. In this structure the reactance rotor 8
is provided with a number of chordal guide~ways
18¢ in which are received.the piston T-heads 19
and cooperating interponents 86¢; the walls of the
guide-way T8a being parallel to each other. The
interponent 808 has a flat working face 88« in co-
operation with the working wall of the chordal
guide-way: 18a and curved surface 80b concave
toward the piston T-head 719. - The working face
19¢ of the T-head 19-is curved and convex to-
ward the interponent so as to cooperate with th
curved surface 80b thereof. :
Referring particularly to Fig, 12, the surface
194 is curved in the direction of rotation about
an axis parallel to or coincident with the axis of
the reactance rotor, and may beof the same or
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slightly less radits of curvature than the surface
80b of the interponent. The surface 79a of the
T-heéad is likewise slightly curved transversely, as
indicated at T9¢ in Fig. 12 about an axis trans-
verse to the axis of rotation. Due to the fact
that the working surface of the T-head is curved
both transversely and longitudinally, the entire
working surface of the T-head forms generally a
spheroidal or elipsoidal face. As a result, the
load applied by the piston T-head and the re-
actance forece ordinarily would bhe mechanically
gpplied in o small area adjacent the axis of the
piston. However, the same surface cooperates
with the interponent in such a manner as to de-
fine wedge-shaped. oil films extending from the
central portion of the outer surface of the T-head
toward all boutidaries thereof. Due to the oil
filims thus formed the load and reactance forces
are hydro-dynamically and hydro-statically dis-
triktited uniformly, thus providing the advantages
herctofore deseribed and preventing undue con-
centration of load and forces. )
The surface 194 is preferably the same radius
as the surface 80b so as to mate therewith or it
may be very slightly less in radius so that wedge-
shaped oil filin§ may be positively formed be-
tween the surfaces as heretofore described. In
addition, the surface of the T-head 19 which co-
operates with the other wall of the guide-way

18¢ is slightly cylindrical or curved along the outer 4

portions 196 thereof about an axis parallel to the
barrel axis, so as to present to the guide-way
slighitly convex stirface areas. Thus in operation
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the wedge-shaped oil films may readily be formed

between the surface portion 796 of the head and *©

the coacting wall of the guide-way 78¢. The
coaction resulting from the use of an interponent
which is conicave toward a convex surface of a
T-hesad is better illustrated in Figs. 14 and 15, in
which chordal guide-ways are provided in the
reactance rotor and positive creation of oil films
such as above described are obtdined. In such
instance, the interponent 84 has flat or plafie face
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84¢ and face 84b which is cylihdrical and con-

cave, its axis being coincident with or parallel to
the axis of the dssociated reactance rotor. 'The
piston head 86 has a convex cyliridrical reactance
surface 86q which is presented to the interponent,
the radius of curvature of the face 86a being
slightly less than the radius of curvature of the
cylindrical surface 84b of the interponent 84.
As s result of this striicture, wedge-shaped capil-
lary spaces 88 are credated between the interponent
84 and the T-head 85, Certain advantages result
from this speeific structure, in that the capillary
spaces 88 may be of more nearly the same di-
mension radially of the pump throughout their
extent than in those instatices in which the curva-
ture of the interponent and head, or interponent
and reactance rotor, are such as to present a con-
vex surface to a flat or oppositely convex surface.
In addition, the desirable effect of the angle of
incidencé of the surfaces being very small is pres-
ent, and vibration and pounding are reduced to
a minimum. Due to the self adjustment of the
interponent 84 on the T-head 86 by rolling there-
on, capillary filims are provided between the inter-
ponent and all coacting surfaces. ~This action
likewise causes the interponent 84 to rock rela-
tive to the reactance support with which to be
associated, as indicateéd by the dotted line in Fig.
15, so that wedge-shaped oil films likewise will
be formed betweéen the guide-ways of the react-
ance rotor and the outer surface 84a of the inter-
ponent. Obvicusly the interponent 84a, in roll-
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ing, will occupy a normal intermediate position
wherein its surface 84b and the outer surface 86g
of the piston head are coaxial, as indicated by
the line X in Fig. 15. Due to the tangential com-
bonent of eccentricity as the reactance rotor and
cylinder rotor rotate about eccentric axes, the
piston head will roll along the surface 84b of the
interponent so that the theoretical point of con-
tact and load transmission migrates between
limits first at a position and along a line indicated
at X—I and then at a position and along a line
indicated by X—2 in Fig. 15. This is necessarily
accompanied by a rocking of the interponent rela-
tive to the reactance rotor so that oil films are
maintained between the interponent and cooper-
ating guide surfaces of the reactance rotor.

In every instance the load and torque trans-
mission forces are uniformly distributed by the
oil films and vibrations and impacts are damped.
Due to the rolling coaction, as distinguished from
sliding coaction, instantaneous adjustment of
each interponent is provided.

Having thus described my invention, I claim:

1. In a hydraulic machine of the class described
including rotatable radial pistons and rigid
crossheads therefor, said crossheads respectively
extending fore and aft of the piston axis in the
direction of rotation of the pistons, a rotary sup-
port having an arcuate bearing surface, a two
bart guide means for each crosshead carried by
the support, one part of the guide means being
fixedly secured in the support and the other being
elongated fore and aft of the direction of rota-
tion of the pistons and being tangentially recip-
rocable relative to the crosshead and having
an outer arcuate bearing surface in rolling rock-
ing engagement with the said bearing surface
of the support, the two cooperating to automati-
cally maintain a wedge shaped oil film between
the coacting surfaces of the crosshead and ohe of
said parts, and to reciprocate the pistons through
the medium of the crossheads.

2. In a hydraulic machine of the radial piston
type, a primary rotor, and a relatively eccentric
secondary rotor means, a radial set of pistons
carried by the primary rotor and having rigid
T-shaped crossheads, an annular recess in the
secondary rotor means having an outer arcuate
reactance surface, a crosshead guide means as-
sociated with each crosshead and disposed in
the annular recess of said secondary rotor means,
one part of said guide means having an arcuate
surface of less radius than said arcuate reactance
surface and being in rolling engagement there-
with for circumferential adjustment in the re-
cess, and the other part comprising chordal
faces carried by the secondary rotor means and
in fixed position in said recess relative to the
secondary rotor.

3. In a hydraulic machine of the radial piston
type, a primary rotor, and a relatively ecceniric
secondary rotor means, a radial set of pistons
carried by the primary rotor and having rigid
T-shaped crossheads, an annular recess in the
secondary rotor means having a cylindrical re-
actance surface, a crosshead guide means asso-
ciated with each crosshead and disposed in the
annular recess of said secondary rotor means,
one part of said guide means being in rolling
eéngagement with said cylindrical surface for cir-
cumferential adjustment in the recess of the
said part and the other part of said guide means
comprising chordal shoulders carried by the sec-
ondary rotor means and in fixed position in said
recess relative to the secondary rotor,
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4. In a hydraulic machine of the class de-
scribed, a cylinder barrel having a plurality of
radial cylinders, valve means for the cylinders,
radial pistons in the cylinders respectively, and
a rotary reactance eccentric to the barrel, rigid
T-heads on the pistons respectively, said reac-
tance having a circumferential recess accommo-
dating said T-heads and having a load reactance
surface exposed in the recess and respective to
the pistons, guide-ways in said reactance rotor
respective to the T-heads, each guide-way hav-
ing chordal bearing surfaces in sliding engage-
ment with the one working surface of the asso-
ciated T-head and having radial flanges in em-
bracing relation with the side walls of the asso-,
ciated T-head, tangentially elongated rockable
reactance guide block interponents carried by
the reactance rotor in the recess and respective
to the T-heads, and each interponent having
arcuate working surfaces, one of said interponent
surfaces being in rolling engagement with one
of the working surfaces of the associated T-head,
and the othet interponent surface being in rolling
engagenient with one of said reactance surfaces
of the rotary reactance.

5. In a hydraulic machine of the class de-
scribed, a cylinder barrel having a radial cylin~
der, valve means for the cylinder, a radial piston
in the cylinder, and a reactance rotor member

éccentric to the barrel, a rigid T-head member :

on the piston, said redctance rotor member hav-
ing a circumferential recess accommodating the
T-head member, chordal guide means in the re-
cess in fixed position relative to the reactance

rotor and in guiding cooperation with one work-

ing face and the side faces of the T-head mem-,
ber for supporting and guiding the T-head
member, 3 reactance guide interponent in said
recess, supported for limited bodily rolling move-
ment circumferentially of the reactance rotor
member, said interpoénent having one reactance
surface in engagement with g complementary
surface on one of said members and an oppo-~
site arcuate surface in rolling engagement with

a complementary arcuate reactance surface on

the other member, and said arcuate surface of.
the interponent being slightly less in radius than
the arcuate reactance surface engaged thereby
for pivotally supporting the interponent. .

6. In a hydraulic machine of the class de-
scribed, a cylinder barrel having a radial cylinder,
valve means for the cylinder, a radial piston in
the cylinder, and a reactance rotor member ec-
centric to the barrel, a rigid T-head member on

the piston and having an outer reactance surface,

said reactance rotor member having a circum-
ferential recess accommodating the T-head mem-
ber and having a load reactance surface in the
recess, one of said surfaces being arcuate, chordal

guide means in the recess in fixed position rela-

tive to the reactance rotor and in cooperation
with the radially inward face of the T-head
member for supporting and guiding the T-head
member, a reactance guide interponent in said
recess and movable bodily to and fro in the
direction of rotation within certain limits, said
interponent having working surfaces in engage-
ment with the surfaces of said members respec-
tively, one of said interponent surfaces being

arcuate, the said arcuate one of said reactance -

surfaces being in engagement with the arcuate
surface of the interponent and of sufficiently
slightly different radius of curvature to provide
rolling engagement between the arcuate sur-
faces and wedge-shaped spaces therebetween.
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7. In a hydraulic machine of the class de-
scribed, ineludihg & radial piston, a T-head there-
for, a rotary support having a load reactance
surface, a two part guide for each T-head car-
ried by said support and having one part in fixed
position relative to the support and in engage-
ment with one working surface of the T-head
for supporting and guiding the same, a movable
tangentially extending part elongated in the di-
rection of rotation of the support and having a
surface in engagement with the other surface of
the T-head and having an opposite surface in
engagement with said reactance surface of the
support, one surface of the movable part being
arcuate and in rolling engagement with the sur-
face engaged thereby.

8. In a hydraulic machine of the character de-
scribed, a rotatable barrel having a radial cylin-
der, a radial piston carried thereby, valve means
for the cylinder, each piston having a rigid T-head
member, a rotary reactance member eccentric
to-and surrounding the piston and having a chor-
dal slideway in fixed relation to the reactance
member and in engagement with one working face
and the side faces of the T-head for supporting
and guiding the same, a tangentially extending
reactance interponent elongated in the direction
of rotation of said reactance member and being
operatively interposed between the T-head mem-
ber and the rotary reactance member, said inter-
ponent having opposite cylindrical reactance sur-
faces in rolling engagement with said members
respectively, the axes of said cylindrical surfaces
being parallel to or coincident with the axis of
the reactance member.

9. In a hydraulic machine of the character de-
scribed, a rotatable barrel having a radial cylin-
der, a radial piston carried thereby, valve means
for the cylinder, each piston having a rigid
T-head member, a rotary reactance member
eeccentric to and surrounding the piston and hav-
ing a chordal slideway in fixed relation to the
reactance member and in engagement with the
one working face and the side faces of the T-head
for supporting and guiding the same, a reactance
interponent operatively interposed between the
T-head member and the rotary reactance mem-
her and movable relative to fhe reactance mem-
ber, said interponent and one of said members
having mutually engaging arcuate reactance sur-
faces of slightly different radius of curvature,
said axes of said surfaces bheing parallel to the

axis of rotation of the reactance member and

said interponent and the other of said members
having cooperating reactance surfaces.

10. In a hydraulic machine of the radial plston
type, a primary rotor, and a relatively eccentric
secondary rotor means, a radial set of pistons car-
ried by the primary rotor and having rigid
T-shaped crossheads, an annular recess in the
secondary rotor means having a cylindrical react-
ance surface, a crosshead -guide means associated
with each crosshead and disposed in the annular
recess of said secondary rotor means, one part of
said ‘guide means comprising chordal shoulders
carried by the secondary rotor means and in fixed
position in said recess relative to the secondary
rotor, and the other part of the guide means com-
prising an interponent having a working surface
engaging one working face of the T-head, and a
cylindrical surface in engagement with the said
cylindrical reactance surface, said cylindrical sur-
faces not quite meeting and having axes parallel
to the axis of rotation of the rotor means, and the
radius of curvature of the interponent surface
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being less than that of the cyhndrlcal surfacc of
the rotor means.

11. In a hydraulic machine of the class de-
seribed, a eylinder barrel having a radial cylinder,
valve means for the cylinder, a radial piston in
the cylinder, and a reactance rofor ecceniric to
the barrel, a rigid T-head on the piston, said
reactance rotor having a circumferential recess
accommodating the T-head, chordal guide means
in the recess in fixed position relative to the re-
actance rotor and in guiding cooperation with
one working face and the side faces of the T-head
for supporting and guiding the T-head, reactance
guide interponents in said recess, supported for
limited bodily movement circumferentially of and
relative to the reactance rotor, said interponent
having one reactance surface in engagement with
a complementary surface of said reactance rotor,
and having another and arcuate surface, said
T-head having an arcuate working face in en-
gagement with the arcuate surface of the inter-
ponent and of different radius of curvature than
the interponent for providing slight positive clear-
ance spaces between the arcuate surfaces.

12. In a hydraulic machine of the class de~
scribed, including a radial piston, a T-head
therefor, a rotary support having a load re-
actance surface, a two part guide interponent
for each T-head carried by said support and
having one part in fixed position relative to the
support and in sliding engagement with the one
working face of the T-head for supporting and
guiding the same, a. circumferentially movable
part having a face in engagement with the outer
working face of the T-head and an opposite face
in engagement with said reactance surface of the
support, and the working faces of the T-head
converging toward a plane between said faces
and normal to the piston axis in each direction
along the path of rotation from the mid-portion
of the T-head.

13. In a hydraulic machine of the class de-
scribed, including a radial piston, a T-head
therefor, a rotary support having a load re-
actance surface, a two part guide interponent
for each T-head carried by said support and hav-
ing one part in fixed position relative to the sup-
port and in sliding engagement with the radially
inward face of the T-head for supporting and
guiding the same, a circumferentially movable
part having one surface in engagement with a
working face of the T-head and an opposite face
in engagement with said reactance surface of the
support, the working faces of the T-head con-
verging in each direction along the path of ro-
tation from the mid-portion of the T-head, and
in each direction transversely of the path of rota-
tion from the mid-portion of the T-head.

14. In a hydraulic machine of the class de-
scribed, including a radial piston, a T-head
therefor, a rotary support having a load re-
actance surface, a two part guide block for each
T-head carried by said support and having one
part in fixed position relative to the suppert and
in engagement with the one working surface of
the T-head for supporting and guiding the same,
a rockable non-rotatable circumferentially mov-
able hlock part having a face in engagement with
the other working face of the T-head and an
opposite face in engagement with said reactance
surface of the support, each of the faces of the
movable part sloping from the mid-portion
thereof in both directions of the path of rota-
tion and toward the opposite face.

15. In a hydraulic machine of the class de-
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scribed, including radial pistons, T-heads on the
pistons respectively, a reactance rotor having a
circumferential recess accommodating the T-
heads, a plurality of non-rotatable load re-
actance interponent blocks for each T-head piv-
otally supported in the recess and coacting with
the associated T-head, each of said interponents

being pivotally supported therein for rocking
movement about pivotal axes parallel to the axis
of the reactance rotor, and means carried by the
reactance rotor for operating the pistons on their
suction strokes.

ELEK K. BENEDEK,



