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10 Claims.

This invention relates to hydraulic pumps or
motors and more particularly to pumps or motors
of the type including a plurality of radial piston
and cylinder assemblies: )

In conventional pumps of this general type
heretofore known in the art, the piston and
cylinder assemblies usually have included recip-
rocable elements such as T-shaped cross heads
‘mounted to slide in ways or guides formed in a
surrounding reactance ring adapted to be posi-~
tioned eccentrically with respect to the axis of
rotation of the piston and cylinder assemblies
and to exert driving thrust upon the crossheads.
When high hydraulic pressures, of the order of
2,000 pounds per square inch and higher, are
encountered, the thrust bearing pressures de-
veloped between the crossheads and the reactance
members are so great that it has been difficult
to maintain close fits and to transmit with small
frictional loss. High pressure oil film bearings
have been found to give the best service under
sustained heavy load conditions, but when work-
ing under 'very high pressures, it has been diffi-
cult to maintain the accurate alignment of the
crossheads, the crosshead guides, and associated
parts necessary to provide a high pressure oil ilm
bearing.

A general object of this invention is to provide, -

in a pump or motor of the class referred to, an
improved arrangement of cross heads and asso-
ciated elements by means of which constructional
and operating difficulties heretofore encountered
are eliminated.

Another obJect is to prov1de a novel T head
which will operate in a simplified guide way and
whicl: is easy to make and finish to fit the respec-
tive guide blocks.

Another object is to provide a bearing sleeve for
the novel T head which may be made of high
grade and polishable material such as nitralloy

and the like, which can be made and polished

separate from the guide blocks of the T heads and
lapped in with its T head in order to obtain mir-
ror finish for the intervening oil film between the
bearing sleeve of the T head.

A further object is to provide a novel disposi-
tion of the guide blocks between the secondary

rotor 'halves in such a manner that in the zone of

clamping and securing means of the halves, the
blocks will be solid and thus a pinching of the T
heads in the guide blocks will be eliminated,
and thereby the free and efficient reciprocation of
the T heads in the guide means will be positively
assured.

A further object is to eliminate the bearing at

(CL. 103—161)

one end of the cylinder barrel between the cyl-
inder barrel and the casing and thereby shorten’
the projecting lengths of the pintle into the cas-
ing and thus the entire length of the pump so

that a more effective and rigid cooperation be-'

tween the pintle and the cylinder barrel will be
obtained under increased pressure.

A further object is to provide novel mounting
means for the driven end of the cylinder bar-
rel, to efficiently transmit driving torque from the
impeller shaft to the cylinder barrel and asso-
ciated pistons respectively, and take up the axial
component of the driving force, caused by the
coupling means, which connects the impeller to
a prime mover, and which component would
otherwise tend to lock and close the tapered fit
of the barrel and pintle axially.

A further object is to support one end of the
barrel on the pintle entirely, and therefore to
provide a rigid cylindrical portion on the walled-
in pintle and appropriate means to receive full
complement anti-friction bearing means which
will constrain and support the barrel radiaily
only, thus an axial floating mounting for  this
end of the barrel is provided. Another object is
to over bridge the coacting ends of the guide
blocks by appropriate bearing means to provide
an unbroken oil film and support for the recipro-

‘cating crosshead.

A further object is to reduce the weight of the
crossheads and thereby reduce mass forces of the
reciprocating crossheads. ’

A further object is to retain as much oil as
possible with the reciprocating crossheads and
their respective bearing means, to thereby effect
efficient operation at these points.

Another object is to provide a novel secondary
rotor or reactance structure, comprising a plu-
rality of guide blocks or block elements, having
solid spacing and clamping receiving portions, to
clamp the block elements between supporting and
mounting flanges of the structure.

Further object and advantages will be appar-
ent. from the following descriptions of the ac-
companying drawings, forming part of the speci-
fications.

In the drawings:—

Figure 1 is an axial longitudinal section of the

pump disclosed for illustration as an example, ;

taken thru line i—I in Figure 2.
Pigure 2 is a transverse sectional view taken
on line 2-=2 in Figure 1, but with the pump casihg

omitted. )
Figure 3 is a front elevation «f the novel T head
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piston, in which one end of the hollow head is
shown in section.

Figure 4 is a front elevation as well as a par-
tial sectional view of my novel crosshead guide
block, showing the guide bore for one end of the

" piston crosshead of Figure 3.

Figures 5 and 6 are end views of the block,
shown in Figure 4.

Figure 7 is a view of the block of Figure 4 look-
ing from the concave side thereof from radial
direction. )

Figure 8 is an end elevation of the cylinder
barrel and surrounding guide hlocks in assembly,
the barrel being partially shown in transverse
sectional view. This figure illustrates the rela-
tive disposition of the blocks with respect to the
cylinder bores, when the pump is in its neutral
position.

Figure 9 shows my novel crosshead bearing
sleeve in elevation and partial sectional view
respectively.

Figure 10 is a modified form of my invention,
and shows the block of Figure 4 a further sub-
divided form for the sake of simplicity of pro-
duction and assembly.

Figure 11 is a slightly enlarged sectional view
of the T head and its guiding supporting means
showing the effect of the flexibility of the bearing
sleeve under pressure and suction stroke respec-
tively, with the operating clearances slightly ex-
aggerated for the purpose of clearness of opera-
tion.

With reference to the drawings and more par-
ticularly to Figures 1 and 2 respectively, the
pump disclosed for illustration comprises a heavy
stationary cylindrical valve or pintle 1. In order
to reduce the eventual bending and deformation
of the pintle under the hydraulic pressure, the
valving portion 3 of the pintle is substantially
tapered toward the driving end of the pump in
such a manner that the tapered portion 3 will
interconnect a small cylindrical portion 2, and
a large cylindrical portion 4 in such a manner
that the walled-in end of the pintle as at 5, will
afford substantially constant resistance in every
of its transverse cross sections along its preject-
ing longitudinal central axis. Thus the large
bearing portion 4 is immediately adjoining the
walled-in portion whereas the smaller bearing
portion 2 is located in a mating cylindrical bore
of the barrel 13. This small bearing portion is
adjacent to a pressure chamber 12 pro*nded in
the barrel 13.

The cylinder barrel is provided with mating
tapered bearing surfaces such as 23 for the ac-
tually acting hydraulic pintle portion 3, whereas
the adjoining cylindrical bores 22 and 24 are
provided in radially spaced concentric relation-
ship to the respective pintle bearing surfaces 2
and 4, in order to receive full complement roller
bearings 6 and T respectively for the purpose of
positive mounting and partially supporting one
end of the barrel at least thereon. It will be seen
later on that while the bearing elements T are
provided for total support for one end of the

* barrel the small roller bearings 6 are provided

only for centering the pintle, and cooperating

_ for hydrostatic balance purposes.

70

The cylinder carries a plurality of radial cylin-
ders as at 25. Each cylinder bore 25 has a radial
port as at 26 whereby it communicates alterna-
tively with the internal ports 8 and 9 of the pintle
respectively. The internal pintle ports 8 and 9
are in further communication with the external
pintle ports 10 and 11 in a well known manner,

2,129,643

The other end of the barrel 13 is provided with
impeller means as at 14 which impeller means
projects outwardly from the pump casing for the
purpose of being connected to a suitable prime
mover, such as an electro motor, or any kind of
internal combustion engine. Ordinarily the
prime mover and the impeller are interconnected
by a commercial coupling and due to this cou-
pling drive connection, ordinarily an axial com-
ponent of the driving force is caused to react
against the impeller 14. In order to counteract
this axial thrust of the driving force component,
I provided appropriate thrust bearing means for
the barrel which will positively secure it against
axial movemernt with respect particularly fo pin-
tle portion 3. Would any small amount of axial
movement be possible between tapered pintle 3
and cooperating tapered bore 23 of the barrel, it
is evident that the useful clearance therebetween
would be taken up or be enlarged by a movement
inwardly or outwardly axially of the barre! with
respect to the pintle. In order to clear such
movement I form the driving end of the barrel,
between impeller and the portion which carries
the cylinders with a radial thrust shoulder as at

16 and an axially spaced thrust nut (7, on this

intermediate portion of the barrel. A large axial
shoulder as at {5 is provided between the thrust
means 16 and IT respectively in order to receive
the inner race of double acting thrust bearing
means 19. ‘The outer race 20 of this special bear-
ing means is formed with s central circular
shoulder, whereas the inner race {8 is provided
with a unitary central groove. As shown on the
drawings in Fig. 1, an axial thrust in either direc-
tion of the axis of rotation, will be taken up be-
tween one thrust shoulder of the outer race 20

‘and an opposed shoulder of the inner race {8 and

vice versa. The outer race 20 is disposed appro-
priately in support cover 58 in such a manner
that the inner abutment of the race is free and
in line with the inner face of supporting cover
58, whereas the other end is formed with a small
radial flange or shoulder as at 21 which shoulder
is engaged in one direction by associated shoulder
60 of the support 58, and in the other direction
it is secured against recess shoulder 60 by wall
62 of an end cap 61. The inner race meanwhile
is rigidly secured between thrust shoulder 16 and
thrust nut 17 respectively in such a manner that
the radial thrust surfaces will prevent any creep-
ing or rotation thereof with respect fo the
mounting seat 15 of the barrel 3.

For the opposite end of the barrel a full com-
plement roller bearing is provided, between an
enlarged portion of the pintle 4 and between
appropriate bearing race 24 of the barrel. The
antifriction elements T are provided with such
intermediate circumferential clearance which is
necessary to separate the individual elements by
an oil film in order to eliminate contact friction
during operation of the bearing. This end of the
barrel is provided with small axial clearance 24a
with respect to the inner wall 55 of the body 54
of the pump. This axial clearance space will
allow slight axial adjustment of the barrel, when
it is adjusted for the hydraulic clearance space
between pintle portion 3 and barrel surface 23.
This small axial clearance furthermore will pro-
vide for heat expansion axially of the barrel
since the other end is positively fixed and locked
with respect to the support 58. Therefore it will
be seen that bearing means T between pintle and
barrel constitutes an axially floating mounting.
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provided with a radial piston 27. This piston is
shown in neutral position with respect to the
cylinder 25 in Fig, 1 and Fig. 2. Each piston is
provided with a head portion as at 28 which is
reciprocably engaged by a liner or bearing sleeve
38. This bearing sleeve is more fully shown in
Fig. 9. Its main feature comprises a cylindrical
sleeve which is open toward the piston in such a
manner that it can be easily slipped over the
crosshead from the direction of the axis of the
crosshead. The crosshead is made cylindrical so
that the polished cylindrical head will fit tele-
scopically with small operating clearance the in-
ner lapped and polished surface of the liner or
bearing sleeve 38. It will be seen that this liner
or bearing sleeve will provide a continuoiis un-
broken oil film for the thrust projection of the
crosshead surface during the operation, and al-
lows an easy assembly between the piston and the
sleeve.

The liner or sleeve 38 with the crosshead 28
will be assembled in two adjacent bores 36 of
crosshead guide blocks 30. 'The guide blocks are
provided with appropriate end bores 36 in order
to receive bearing sleeve 38. The facing ends

- of the guide blocks 30 are disposed substantially

in the axis of the piston and cylinder assembly
with a small circumferential clearance as at 64
for the purpose of adjustment and proper align-
ment of the crosshead and sleeve assembly in
the bores 36. I thus have provided a simple con-
struction whereby the guide bores. 36 of the blocks
30 and the crossheads will be aligned accurately,
the interruption of the guide bores 36 by the ra-
dial spaces 64 being bridged by the bearing sleeves
38 in such manner that a continuous and un-
broken high presstre oil film may be maintained
between crossheads and their respective bear-
ings.

Bearing thrust sleeve 38 is open to receive the
T head 28 of the piston from a direction coin-
cident with the axis of the reciprocation of the
head in the sleeve. 'This will allow one to slip the
sleeve on the crosshead or T head by accom-
modating the neck of the piston in the opening
in the sleeve provided by the cut-away portion
of the sleeve as shown in Fig. 1 and Fig. 9.

It will be seen that in spite of the cut-out in
the sleeve 38, the sleeve will cooperate with end
bores 3% and 36 of the blocks 30, o form there-

- with a self contained fluid supply for the lubri-

cation of the crosshead 28 and sleeve 38, be-
cause of the sleeve being snugly fitted in the
bores, it will close fluid tightly the chambers,
comprising sections 35 and 36, and hole 29 of

the crosshead against the centrifugal force and .

thus the slip fluid escaping the cylinders will be
accumulated in said chambers and retained
therein, without the necessity of an additional
liquid tight cover as at 44. Thus the primary
function of cover 41 is only to retain an addi-
tional supply of oil in the. crevises 64, as well as
in the elongated cut-outs 31 in order to increase
the centrifugal force in chamber 28 and 36 Tre-
spectively, by the medium of additional mass of
oil subjected to the centrlfugal pressure of the
rotation.

Each end of the supportxng blocks 30 are cut
away as at 37 to clear the reciprocation of the
neck of the piston with respect to the blocks.
Since the maximum amplitude of reciprocation
right and left at each side of the axis of the pis-
ton amounts to the maximum eccentricity of the
pump—therefore the cut-out 81 is proportional

3

to the eccentricity, measured from the coacting
ends of the blocks. As shown in Fig. 1, when
adjacent ends of two .adjacent blocks meet in
assembly, the cut-outs 37 of two ends will form
an elongated opening around the piston to fa-
cilitate relative tangential oscillation of. the
crosshead 28 and piston respectively in the ad-
jacent blocks.

It will be understood that my invention is not
Iimited to the use of the specific form of sleeve
shown at 38. Sleeves employed inaccordance with
my invention should be formed at their central
portions with clearance spaces accommodating
the pistons and permitting relative movement of
the pistons and sleeves tangentially with respect

‘to the pistons, but otherwise the sleeves 38 are

shown ‘merely as representing a. practical and
preferred form.

In the form shown in Fig. 2 of the invention,
the pistons will be assembled from a radial direc-
tion - together with their respective blocks and
sleeves into their cylinders. At the start of the
assembly the circumferential distance between
the coacting ends of the blocks will be sufficient
to introduce the ends of the sleeves 38 into the
bores 36 whereupon the blocks will- be pushed
in radially and simultaneously to form. a smaller

"and smaller circle until the circumferential gaps

or crevises will be not less than 64 respectively.

In this particular position, the shoulders 33 and

34 of blocks 30 just will fit the normally aligned
grooves of supporting flanges 39 and 40. The
blocks will be carefully lined up with respect to

-the sleeves 38 in such a manner that by the me-

dium of gaps 64 each sleeve and crosshead will
be free when moving eccentrically barrel {3 with
respect to the assembled blocks 30 and support-
ing means 39 and 40. After the sleeves 38 and
the supporting blocks 30 have been aligned prop-
erly, the plates 39 and 40 are drawn up tight
against the blocks 30 by means of the bolts 3.

It will .be seen that due to the form of guide
means 35 and 36, of the bores around the cou-
pling means the blocks will be solid and a very
forceful clamping will be possible without affect~
ing at all the shape of the bores 35 and 36. See
lower portion of Fig. 1. A forceful. clamping
needless to say, will result in a more rigid sub-
structure, necessary for heavy load and noise-
less operation of the pump.

The modified block structure shown in Fig. 10
will simplify the assembly above described in that,
in this instance each piston can be assembled
with its blocks independently into the cylinder.
Namely each piston 27, after being assembled
with its sleeve 38, and two respective blocks 30’
will form a self -contained sub-assembly unit
ready for final assembly. Also in this instance
the advantage of freeing the guide holes 36’ of
deformation by the clamping assembly process,
is preserved.

It will also be seen that by the virtue of the
subdivision of the block 30 as at 30’, one single
operation for the essential finish of the block
namely to bore and lap hole 36’ only will be nec-
essary. Thus all blocks will remain the same,
but simplified as to size and operation.

By cutting the blocks 30 in two to form the half
blocks 39°, a clearance equal to the thickness of
material removed in making the cut will be pro-
vided between the half blocks 30°. This clear-
ance further facilitates assembly and alignment
of the cross heads and their associated elements.
Assembly is facilitated despite the fact that when
completely assembled, the portions 31’ of the half
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blocks 30’ are contacted by the bolts 31, because
the half blocks are positioned between the mem-
bers 39 and 40 before the bolts 3! are put in
place. The provision of clearance between the
contiguous faces of the adjacent half blocks per-
mits the hall blocks to be shifted slightly and
after all the half blocks are arranged between
the members 39 and 40, the respective half blocks
can be moved to just the right positions for ad-
mitting the bolts 31. If no clearance between
the half blocks 30’ were provided, it would be

. more difficult to move the half blocks so as to

30

L]
[543

40

bring the poertions 31’ into the positions for re-
ceiving the bolts 3.

One novel feature of the invention is shown
in Fig. 11 and will be described in connection
with that figure.

The bore 35 or 36 of member 30 is considered
cylindrical and its shape to be permanent, since
block 30 is substantially rigid, and any clamping
action which would cause distortion is curbed as
hereinabove described.

However, the flexible sleeve 38 with the above
described cut-out will not be permanent in shape
during the pressure and suction eycles of the
pump. As will be noted from Fig. 11 the ends of
the normal section of the sleeve at the points of
the cut-out will touch closely the cylindrical sur-
face of the crosshead 28 as shown in Fig. 11 in
such a manner that due to the radial approach
of the sleeve to the bore 36 under the pressure
of the piston, a slight clearance as at §7 will be
formed with the sleeve and crosshead, or assum-
ing that the force conditions are such that the
cut-out edge portions of the sleeve 38 will not
spring inwardly but rather spread apart from
each other in which instant the ends of the nor-
mal] cross section of the sleeve will close a cham-
ber similar to 67 between the circular bore of the
guide block 30 and between the sleeve 38 itself.
Thus according to the nature of the flexibility of
the sleeve the longitudinal margins or edges of
the sleeve at the place of the cut-out. as at 68
will define a closed clearance space either with
respect to the cylindrical crosshead or with re-
spect to the cylindrical bore 36 of the guide block
30. Assuming the case that the flexible sleeve

springs inwardly and will close a clearance space-

as at 67 with the crosshead by touching the cross-
head surfaces in line with a neck portion of the
piston as at 68, a clearance space 65 will be
formed between the ends of the sleeve and the
bore 36 of the rigid block 30. A condition as. il-
lustrated in Fig. 11 therefore illustrates the pres-
sure cycle, when under the hydraulic piston Icad,
sleeve 38 will depress and become eccentric with
respect to the main bore 36 with which it forms
a clearance and subsequent continuous wedge
shaped oil film as at 66. During the subsequent
suction cycle of the piston however, sleeve 38 will
be pulled in eccenfric relationship with respect
to bore 36 in the opposite direction as during the
pressure cycle with the consequence that the
clearance conditions will be changed and will be

5 symmetrical to the present clearance conditions

with respect to a normal plane to the axis of the
piston and laid through the axis of the crosshead.
Thus it is obvious that due to the flexibility of
sleeve 38 a plurality of possible combinations for
the formation of high pressure wedge shaped cil
film are provided. The springing tendency of
the sleeve member 38 depends on how much load
is applied on the piston and how rigid the work-
ing cross section of the sleeve longitudinally is.
Due to the original stresses imposed upon the

2,129,643

sleeve by cutting away a section of its normal
cross section, unbalanced forces will be set up in
the remainder of the cross section which tend to
close the open ends of the normal cross section
accommodating the cut-out for the neck of the
piston. In addition to the unbalanced internal
stresses due to the cut-out, hydraulic forces act-
ing on the outside surface of the sleeve tend also
to compress the sleeve and thus close the ends
at §8—68 respectively, because under pressure the
hydraulic forces will act on a larger surface on
the outside of the sleeve than on the inside
thereof.

The pump will operate in a well known manner.
As far as the cylinder barrel and piston actu-
ating reactance rotor will be disposed about the
same axis of rotation by means of control rods 52
and 33 the entire rotating assembly of the pump
will rotate bodily, and without any reciprocation
of the pistons 27 or the crossheads 28 thus_ no
pumping action will take place. However, as
soon as the axis of rotation of the reactance ro-
tor will be established as different from the axis
of the barrel {3, the pistons will radially recipro-
cate in their cylinders 25 whereas crossheads 28
will reciprocate tangentially in their respective
thrust sleeves 38. Since, however, the eccentric-~
ity of the synchronized rotors can be changed
from zero to a predetermined maximum it is evi-
dent that pump delivery can be changed and con-
trolled from zero to a maximum value.

The piston actuating reactance assembly com-
prising the supporting means 39 and 40 and the
intermediate supporting blocks 3§ are mounted
as a sub-assembly on bearing means 42 and 43
respectively in such a manner that the bearing
means are disposed symmetrically to the plane
of the axis of the pistons. In this manner when
control rods 52 or 53 will shift the stator housing
44, the axis of the reactance rotor will shift sub-
stantially parallel to itself. In order to assure
the bearings 42 and 43 in fixed positive axial re-
lationship with respect to each other and respec-
tive to the stator 44 I provided intermediate
shoulders 45 on the stator 44 against which the
stationary races of the bearing will be held by
appropriate spring washers 41. Thus the bear-
ings will be confined between shoulders 45 and
washers 41 respectively. The translatory move-
ment of the stator 44 will be assured further on
by the disposition of the shifter rods 52 and 53
which are disposed diametrically opposite in the
casing 54 and guided in appropriate diametrically
opposite guide holes 56 and 57 of the casing.
Thus there is no possible chance during adjust-
ment of the reactance assembly to cause other
than a parallel shift thereof.

Various changes may be made in the embodi-~
ment of the invention without departing from the
spirit thereof or narrowing its scope which will
be defined in the appended claims.

I claim:—

1. In a hydraulic pump or motor of the type
including a plurality of valved radial piston and
cylinder assemblies each comprising a relatively
non-reciprocable element and a relatively recip-
rocable element, the combination with said as-
semblies, of means for effecting reciprocation of
said relatively reciprocable elements comprising
cross heads, one connected to and disposed tan-
gentially with respect to each relatively recipro-
cable element; a plurality of circumferentially ar-
ranged thrust blocks surrounding said piston and
cylinder assemblies and being formed with open-
ings within the blocks and extending perpendicu-
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larly to the piston axes in the plane of rotation

of the thrust blocks respectively, each cross head
being received and guided in two-directional
thrust~-transmitting relationship by the openings
in two circumferentially end-to-end adjacent

- thrust blocks; and means mounting said thrust

10

18

blocks eccentrically with respect to the relatively
non-reciprocable elements of said piston and
cylinder assemblies.

2. In a hydraulic pump or motor of the type
including a plurality of valved radial piston and
cylinder assemblies each comprising a relatively
non-reciprocable element and a relatively recip-
rocable element, the combination with said as-
semblies, of means for effecting reciprocation of
said .relatively reciprocable elements comprising

" cross heads, one connected to and disposed tan-
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gentially with respect to each relatively recipro-
cable element; a plurality of thrust blocks sur-
rounding said piston and cylinder assemblies in
circumferential end-to-end relation, a plurality
of liners extending respectively into and heing
supported by each two circumferentially end-to-
end adjacent thrust blocks, each liner receiving
and guiding a cross head, and means mounting
said thrust blocks eccentrically with respect to the
relatively non-reciprocable elements of said pis-
ton and cylinder assemblies.

3. In a hydraulic pump or motor of the type
including a plurality of valved radial piston and
cylinder assemblies each comprising a relativeiy
non-reciprocable element and a relatively recip-
rocable element, the combination with said as-
semblies, of means for effecting reciprocation of
said relatively reciprocable elements comprising
cross heads, one connected to and disposed tan-
gentially with respect to each relatively recipro-

cable element; a plurality of thrust blocks sur~

rounding said piston and cylinder assemblies in
circumferential end-to-end relation, a plurality
pf slotted bearing sleeves extending respectively
into and being supported by each two circumfer-
entially end-to-end adjacent thrust blocks, each
sleeve receiving and guiding one of said cross

heads, the connections between said reciprocable -
members and the associated cross heads extend--

ing through the slots in the respectively asso-
ciated sleeves, and means mounting said thrust
blocks eccentrically with respect to the relatively
non-reciprocable elements of said piston and cyl-
inder assemblies. ‘

4. In a hydraulic pump or motor of the type
including a plurality of valved radial piston and
cylinder assemblies each comprising a relatively
non-reciprocable element and a relatively recip-
rocable element, the combination with said as-
semblies, of means for effecting reciprocation of
said relatively reciprocable elements comprising
cross heads, one connected to and disposed tan-
gentially with respect to each relatively recip-
rocable element; a plurality of thrust blocks sur-
rounding said piston and cylinder assemblies in
circumferential end-to-end relation, a plurality
of slotted bearing sleeves fliexible in cross section
and extending respectively into and being sup-
ported by each two circumferentially end-to-end
adjacent thrust blocks, each sleeve receiving and
guiding one of said cross heads, the connections
between said reciprocable members and the as-
sociated cross heads extending through the slots
in the respectively associated sleeves, and means
mounting said thrust blocks eccentrically with
respect to the relatively non-reciprocable ele-

- ments of said piston and cylinder assemblies.

i

‘5. In a hydraulic pump or motor of the type-

‘reciprocation of the relatively reciprocable ele-

5

including a plurality of valved radial piston and
cylinder assemblies éach comprising a relatively
non-reciprocable element and a relatively recip-
rocable element, the combination with said as-
semblies, of means for effecting reciprocation of
said relatively reciprocable elements comprising
cylindrical - cross heads, one connected to and
disposed tangentially with respect to each rela-
tively reciprocable element; a plurality of thrust
blocks surrounding said piston and cylinder as-
semblies in circumferential end-to-end relation,
circumferentially adjacent ends of said thrust
blocks being formed with aligned bores, a plural-
ity of slotted, cylindrical bearing sleeves flexible
in cross section and extending respectively into
and being supported by each two circumferential-
ly end-to-end adjacent thrust blocks, each sleeve
receiving and guiding one of said cross heads,
there being sufficient clearance between said
sleeves and said bores and cross heads to permit
flexing of the sleeves for drawing lubricant into
the clearance spaces, the connection between said
reciprocable members and the associated cross
heads extending through the slots in the respec-
tively associated bearing sleeves, and means
mounting said thrust blocks eccentrically with
respect to the relatively non-reciprocable ele-
ments of said piston and cylinder assemblies.

6. In a hydraulic pump or motor of the type
including a plurality of valved radial piston and
cylinder assemblies each comprising a relatively
non-reciprocable element and a relatively recip-
rocable element, the combination with said as-

semblies, of means for effecting reciprocation of

said relatively reciprocable elements comprising
cross heads, one connected to and disposed tan-
gentially with respect to each relatively recipro-
cable element; a thrust member; means mount-
ing said thrust member eccentrically with respect
to the relatively non-reciprocable elements of
said assemblies, said thrust member being pro-
vided with a plurality of bearing recesses associ-
ated with the cross heads respectively; and con-
nections between said thrust member and each
of said cross heads comprising an expansible and
contractible sleeve interposed between the cross
head and the walls of the associated bearing re-
cess and embracing a portion of the cross head,
said sleeve being slotted throughout ifs length
and being relatively more fiexible than said thrust
member and said cross head, and bging adapted
when thrust-loaded successively in opposite di-
rections to expand and contract successively un-
der the action of successive thrust loadings and
to thus effect an oil pumping action.

7. The combination defined in claim 1 and in
which each two circumferentially adjacent thrust

" blocks are separated from each other by a clear-

ance space substantially in line with the axis of

ment of the associated piston and cylinder as-.

sembly.
8. The combination set forth in claim 1 and in

which each of the thrust blocks is separated from
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the adjacent thrust blocks at each of its ends by 65

clearance spaces, the clearance space at one end
of each thrust block being substantially in line
with the axis of reciprocation of the relatively
reciprocable element of the associated piston and
cylinder assembly.

9. The combination set forth in claim 1 and
in which the means for mounting the thrust
blocks comprises spaced supporting flange ele-
ments disposed respectively on opposite sides of

70

“thrust blocks, and means for securing said sup-. 45
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porting flange elements and sald thrust blocks
together. :

10. The combination set forth in elaim 1 and
in which the thrust blocks are formed with shoul-
ders and in which the means for mounting the
thrust blocks comprises spaced supporting flange
elements disposed respectively on opposite sides

of the thrust blocks, said flange elements being
formed with grooves receiving the thrust block
shoulders, means securing said thrust biocks and
flanges together, and means mounting said sup-
porting flanges for rotary movement,

ELEK K. BENEDEK.



