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Paterated Aug. 20, 1965 

3,199,469 
HYDRAULEC PURAP CER IMOTOR 

Waiaevar Bish, Bemoat, and John A. Hastings, BaSS 
River, Mass, assignors to Stewart-Waaier Corporation, 
Chicago, A., a corporation of Virginia 

Fied Jan. 11, 1962, Ser. No. 65,685 
6 Cains. (CE. 63-6A) 

This invention relates to hydraulic pump or motor units 
of the type having radially disposed fluid chambers each 
defined by a mating piston and cylinder intermediate to 
opposing reaction elements. 
A major problem of any hydraulic pump or motor 

unit is film lubrication between adjacent mating members 
adapted to slide along one another, while simultaneously 
being pressed together with loads of large magnitude. 
The load supporting capacity of the film lubrication must 
be adequate to eliminate metal-to-metal contact at the 
maximum load and at any intermediate loads. Similarly, 
throughout all outputs and speeds of the unit, the power 
consumption caused by leakage or friction of the film must 
be maintained at a tolerable minimum. The success of 
the film lubrication, however, depends on a second prob 
lem, the problem of withstanding cocking forces or coul 
ples applied between the mating members. 
A couple between two members separated from each 

other by a fluid film causes tilting of the members rela 
tive to one another until balanced by a resisting couple 
of equal magnitude in the opposite direction. This re 
sisting couple is developed initially by a shift asymmetri 
cally of the film thickness and pressures, causing localized 
pressure concentrations of the film, These localized 
pressure concentrations upon exceeding the maximum 
allowable film pressures, degenerate to localized metal 
to-metal contacts. Thereafter any deficiency of the film 
Support is made up by the direct metal-to-metal support. 
Consequently, any couple between mating members that 
causes localized pressure concentrations within the sepa 
rating film to exceed the maximum allowable film pres 
Sure is extremely harmful to the unit and greatly shortens 
the operating life of the unit. 

In a piston-type unit, the fluid pressure confined by 
the mating piston and cylinder exert an outward force on 
the piston in the direction of the longitudinal axis of the 
cylinder. The outward force is absorbed by spaced reac 
tion elements opposing the piston and cylinder. The 
reaction elements are moved toward and away from one 
another by appropriate structure to transform between 
the energy of fluid pressure and work. A shaft member 
generally is associated with one of the members to har 
ness the work in the form of rotating shaft torques. The 
shaft torque must be opposed by an equal and opposite 
reaction torque through the housing structure of the unit, 
which includes the reaction elements. 

It is commonplace in existing piston-type units that the 
pressure force acting along the longitudinal axis of the 
cylinder always extends through the center of the shaft. 
A torque about a point is represented as a force acting 
in a direction at some normal distance or moment arm 
from the point, and is the product of the two. When 
the pressure force extends through the center of the 
shaft, it thus has no direct moment arm about the shaft. 
Thus the only way transformation between fluid pres 
Sure force and shaft torque can occur is by indirectly 
applied forces such as a couple between the adjacent mat 
ing members. Since this couple must equal the shaft 
torque and thus be of large magnitude, film Support fails 
causing metal-to-metal contact. 

It is also commonplace in conventional radial piston 
hydraulic units that the shaft is directly connected to the 
cylinder or member rotating on one of the reaction ele 
ments. The other reaction element is mounted for free 
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rotation about an axis spaced from the shaft axis. Rota 
tion of the shaft only indirectly, through the interaction 
of the other members including the piston and cylinder, 
causes the movement of the reaction elements and thus 
reciprocation of each piston and cylinder. This further 
requires that couples be brought in play to transform 
between the pressure forces and shaft torque. 

There is further a greatly increasing demand to use hy 
draulic equipment at pressures exceeding 5,000 p.s. i. and 
flow rate approaching 200 g.p.m. Also, to reduce the 
ratio of overall unit weight to output horse power, oper 
ating shaft speeds of 5,000 r.p.m. or higher have been 
tried and achieved in some commercial embodiments. 
However, under these severe operating conditions, the 
aforementioned problems relating to cocking of, and 
film Support between, adjacent mating members become 
increasingly complex and important, and more often the 
direct cause of failure. 
The bearing structure supporting the various rotating 

members must be capable of withstanding the large ra 
dial loads applied to the members without excessive 
torque loss because of friction. Centilever application 
of these radial loads causes slight transverse deflection 
and/or axial misalignment of the shaft. Thus self-align 
ing bearing means capable of compensating these tend 
encies must be used; particularly in a film lubrication bear 
ing where mating surfaces must remain parallel. 

Another practical drawback of existing commercial 
hydraulic pump or motor units is complex and expen 
sive adjusting structure commonly used for varying the 
fluid flow per cycle of the unit. The limitations of com 
mercial manufacturing plus the continuing battle to re 
duce costs require an easily produced structure capable of 
accurate and dependable operation. 

Accordingly, an object of this invention is to provide 
a hydraulic pump or motor unit of the radial piston and 
cylinder type with improved disposition of the various 
members relative to each other to eliminate reaction 
couples between adjacent members caused directly by the 
confined fluid pressures. 

Another object of this invention is to provide a hy 
draulic pump or motor unit having fluid film lubrication 
between all adjacent mating surfaces adopted to slide 
along one another while simultaneously being forced to 
gether by a large load, the fluid lubrication being pressur 
ized from a high pressure source through a fluid restric 

...tor to establish and maintain a balanced film at all oper 
ating conditions of the unit. 

Another object of this invention is to provide a hy 
draulic film bearing capable of supporting a rotating 
shaft member subjected to a large radial load while ac 
commodating moderate angular misalignment of the 
longitudinal shaft axis from its normal axial position. 
Another object of this invention is to provide a hy 

draulic pump or motor unit having simple economical 
structure including a double eccentric mounting operable 
to varying the fluid flow per cycle of the unit. 

These and other objects will be more fully appreciated 
after a complete disclosure of the subject invention given 
in the following specification and the accompanying 
drawings forming a part thereof, wherein: 
FIGURE 1 is a longitudinal section view of the subject 

invention as embodied in a hydraulic pump or motor 
unit, the view being taken generally from line - of 
FIGURE 2; 
FIGURE 2 is a front section view of the subject in 

vention as taken generally from line 2-2 of FIGURE 1; 
FIGURE 3 is a side elevational view, similar to that 

shown in FIGURE 1, of a pintle-crank member used in 
the subject invention; 
FIGURE 4 is a section view as taken from line 4-4 

of FIGURE 3; 



3,199,460 
3 

FIGURE 5 is a section view as taken from line 5-5 
of FIGURE 3; 
FIGURE 6 is an enlarged section view as taken from 

line 6-6 of FIGURE 3, the figure including operating 
fluid pressure forces and distributions on the member; 
FEGURE 7 is a front elevational view, partly shown in 

section from line 7-7 of FIGURE 8 and of reduced 
size compared thereto, of a self-aligning film bearing 
unit of the subject invention; 
FiGURE 8 is an enlarged section view as taken gen 

erally from line S-3 of FIGURE 7; 
FiG-URE 9 is a diagrammatic representation of the ad 

justing structure of the subject invention, the view being 
a greatly enlarged elevational view similar to FIGURE 
2; and 
FIGURE 10 is a longitudinal center section view of a 

piston used in the subject invention. 
Referring now to FIGURES 1 and 2 of the drawings, 

the disclosed hydraulic unit 6 includes a housing 2 
formed by adjacent cup-shaped members 13 and E4 
secured together at their periphery by bolts i5 and de 
fining an internal cavity 6. A drive shaft 8 is Sup 
ported by bearing units 19 and 20 to rotate about its 
longitudinal axis 22. A cage 24 secured to the shaft is 
formed by a web 25 and an annular shoe ring 26 held 
thereto by engaging shoulders 27 and bolts 28. A 
plurality of inwardly facing shoe surfaces 29 are dis 
posed on ring 26 symmetrically about the center axis 
22. he cage 24 and shoe surfaces 29 rotate with shaft 
18 about the longitudinal center axis 22, which can also 
be considered as the center axis of the unit 6. 

Annular end plate 36 is received over spacer ring 32 
on the shaft 8 between nut 32 and the inner race of 
bearing unit 59 and is secured to housing 12 by bolts 
33. Seals 34 and 35 between the moving shaft, spacer 
and housing prevent fluid leakage from the cavity 5. 
A pintle element 36 (FIGURE 3) is supported within 

bore 37 of the housing A2 by spaced bearing units 38 
and 39 to rotate about its longitudinal axis 40. Axis 48 
is parallel to but offset from the longitudinal axis 22 of 
the shaft 13. Conventional means including a worm 
gear 41 keyed to pintle 36 and engaged by a driving 
pinion 43 (shown in phantom) operate to rotate the 
pintle. O-ring 45 between gear 41 and housing 2 seal 
the bore 37 as required. The pintle 36 has a cylindrical 
crank portion 42 disposed about a longitudinal center 
axis 44 parallel to but offset from the pintle axis 433 by 
the same offset as between the pintle axis 43 and the 
shaft axis 22. 

Cylinder member 46 has a hub 47 defining a through 
bore 48 which matably receives crank 42. The cylinder 
member 45 has a plurality of radially extending projec 
tions 49 each having an internal cylindrical opening 
defining a cylinder 59. An opening 51 extends between 
the periphery of through-bore 48 and the cylinder 58 
and is approximately one-half the area of the cylinder. 
A cylindrical piston 54 (FIGURE 10) is received matably 
within each cylinder 50 and defines therewith a fluid 
chamber 55 communicating with the openings SE. The 
piston 54 has an outwardly disposed bearing Surface 56 
matable with the shoe surface 29 on the cage 24. Light 
compression springs 57 hold the pistons 54 against the 
cage 24 when the unit is not operating. 
The crank 42 (FIGURE 3) includes opposing slots or 

ports 58 and 60 axially aligned with the through openings 
5 in the cylinder member 46. The ports 58 and 68 are 
Separated from one another by a rib (51 extending across 
the crank 42 and terminating at the outer periphery there 
of on spaced lands 52 each of a given lap. A strengthen 
ing rib 63 extends transversely of the ports 53 and 6. 
to a position short of the periphery of the crank. Thus 
rotation of the cylinder member 46 on the crank 42 
exposes each opening 51 alternately to the ports 53 and 
68. 
The pintle 36 has spaced bores 64 and 66 extending 
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4. 
axially thereof and communicating respectively with the 
opposing ports 53 and 69. Bores 64 communicate 
through radial passage 65 with annular recess 67, and 
bores 66 communicate through radial passages 69 with 
annular recess 68. The recesses 67 and 68 are sealed 
from each other by O-ring gaskets 79 received in grooves 
7; and engaging the periphery of bore 37. Radial thread 
ed taps 72 and 73 in housing 2 communicate respec 
tively with annular recesses 67 and 68 for separate con 
nection to the high pressure and low pressure fluid 
solices, as is well known in the art. 
The subject hydraulic unit is operates in a manner that 

eliminates the reaction couples between adjacent members 
caused by transformation between fluid pressure in the 
chambers 55 and rotation of the shaft 13. The cage 24 
and crank 42 form the reaction elements opposing the 
piston 54 and cylinder 50 (within cylinder member 46) 
on opposite sides of chamber 55. The cylinder member 
46 rotates freely on the crank 42 at the same rate as the 
shaft 18 and cage 24 through the interactions of the mat 
ing of pistons 54 on the cage 24. The cylinder member 
46 follows freely since it acts only to confine the fluid 
pressures in chambers 55 and to communicate the cham 
bers alternately through the ports 58 and 60 with the high 
and low pressure fluid sources. 
As noted above, the shaft 28, the cage 24, and the 

spaced shoe surfaces 29 all have a common center axis 
22 which is parallel to but offset by some eccentricity 
from the center axis 44 of the crank 42. During one 
revolution of shaft 18 and cage 24, and thus of the cylin 
der member 46, the distance normal to each shoe surface 
29 between said shoe surface and the crank center axis 
44 varies between a maximum and a minimum. This 
variation in radial distance causes the reciprocation of the 
pistons 54 within the cylinders 59. It is apparent that 
if a plane were extended through the spaced center axes 
22 and $4, the top dead centers of the pistons 54 in the 
cylinders 50 would occur on that plane, the maximum 
and minimum being 180° apart. Accompanying this 
radial reciprocation relative to the cylinder 50, each pis 
ton 54 translates to each side of its top dead center posi 
tion relative to shoe surface 29 along the shoe surface 
a distance equal to the eccentricity of the unit. 
The fluid pressure confined within each chamber 55 

acts along the longitudinal center axis of cylinder 58, 
which axis extends through the center axis 44 of crank 
42 and the centroid of piston bearing surface 55. At all 
positions other than the top dead center positions, this 
axial force is displaced from the center axis 22 of the 
shaft 18 and cage 24 to exert a turning moment or torque 
on the cage about its axis. The cage is one of the reaction 
elements and is also directly connected to the shaft for 
common related movement therewith. The cylinder mem 
ber 46 follows the rotation of cage 24 freely and without 
resistance other than minor film friction losses. This 
offset application of the axial force directly on the mov 
ing reaction member, that is the driving or driven cage 
24 connected to shaft 18, transforms between the fluid 
pressure forces and mechanical shaft torques. Further 
more, regardless of whether the unit is working as a pump 
or motor, or whether the shaft is rotating in one direction 
or the other, the transformation occurs directly, without 
reaction couples between the members caused by the 
fluid pressure. - 

It will be apparent that a cocking force of minor magni 
tude will be present, caused by fluid friction in the films 
between the adjacent members. However, the magnitude 
of this force and the resulting couple is negligible com 
pared to the couple equal to the full shaft torque caused 
by operating fluid pressures; a couple which this inven 
tion eliminates. 
FIGURES 7 and 8 show the fluid film bearing 20 in 

greater detail. The bearing consists of a hub 80 con 
nected centrally at circumferentially spaced portions by 
ribs or spokes 81 to an outer rigid rim 82. The rim 82 
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is received within annular recess 83 of the housing 2 
and held therein by a plurality of circumferentially spaced 
bolts 84 extending through apertures 85. The hub 80 
has cylindrical centerbore 86 from .0005 to .002 of an 
inch larger than the cylindrical shaft 8 received therein, 
depending on shaft diameter. Thus there is radial clear 
ance of approximately .00025 to .001 of an inch sym 
metrically around the shaft. 
The inner periphery of the bore 86 has thereon a plu 

rality of uniformly spaced recesses 87. The bearing shown 
is only by way of exemplification in which six equally 
spaced recesses 87 are disposed around the bore 86, each 
recess 87 being separated by axial land areas 88 and by 
circumferential outer land areas 89 and an intermediate 
land area 99. The bearing shown has two such axially 
spaced bearing sections separated from one another by 
the circumferential land area 99. 

Each recess 87 has a radial bore 92 communicating 
therewith and with a source of high pressure hydraulic 
fluid confined within annular distributing tubes 93. Mani 
fold 94 connected to tubes 93 communicates with tap 96 
through flexible tubing 95. The tap 96 is maintained 
under high fluid pressure comparable to that of the unit 
f, and can in fact be taken from the same source by a 
double check valve (not shown) connected, for example, 
between tap 96 and both taps 72 and 73. A restrictor 
97 offixed size orifice is secured in each bore 92. 
The basic operation of the subject film bearing 20 is 

similar to those commonly known as hydrostatic bear 
ings. The high pressure source of fluid at tap 96 con 
tinually presents high pressure through the radial passage 
92 and the restrictor 97 to the circumferentially spaced 
recesses 87. When shaft 8 is centered in bore 86, the 
clearances from each recess between axial land areas 88 
and circumferential land areas 89 and 90 to the adjacent 
recess or to cavity A6 are all uniform and, therefore, the 
fluid pressures in the recesses 87 are maintained generally 
Constant. 
When, however, a radial load is applied to shaft 8 to 

cause displacement of the shaft within the bore 86, the 
clearances between the confining land areas and the shaft 
in the direction opposing the load are reduced while the 
clearances on the remote side of the shaft are increased. 
The variation in clearance between the land areas sur 
rounding each recess 87 causes a variation of fluid re 
sistance from the recess to change correspondingly the 
fluid flow and fluid pressure. The restrictor 97 has such 
fluid resistance that through flow at normally balanced 
conditions causes a pressure drop across the restrictor of 
approximately one-half or one-third of the high pressure 
Source at tap 96. The increased fluid flow from the re 
note recess, because of the increased clearance between 
the confining land areas and the shaft, causes restrictor 
97 in the passageway 92 to have a greater effect on the 
preSSure drop of the fluid delivered to the recess. Thus 
on a remote side of the shaft, the fluid pressure of the 
recess 87 is materially reduced from that of the balanced 
film condition. 

Conversely, the displacement of shaft 8 within bore 
86 causes a reduction in clearance between the land areas 
opposing the load and the shaft to increase the flow resis 
tance. Thus through-flow decreases since the total resis 
tance to flow increases. At reduced flows, the throttling 
effect of restrictor 97 on the fluid pressure admitted to 
the recess 87 is reduced to increase the fluid pressure 
Within the recess. 
Thus the increased and decreased radial clearance be 

tween the pressure confining land areas of the recesses 87 
in line with the shaft displacement and thus the load, 
causes the fluid pressures within the recesses to change. 
The differential fluid pressures on the opposite sides of the 
shaft tend to center the shaft within the bore until bal 
ance with the applied load is attained. 

Similarly, axial misalignment of shaft 18 can be ade 
quately absorbed by the fluid pressure differences estab 
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6 
lished in the axially spaced recesses defined by land areas 
89 and 90. Thus when there is a force on shaft 8 
tending to tilt the shaft in a plane extending through its 
longitudinal axis, the differential fluid pressures act within 
each of the recesses on the opposite sides of the shaft 
and at opposite longitudinal ends of the bore 86 to pro 
duce a counteracting force; thus avoiding direct metal 
to-metal contact. 
The counteracting force of the fluid film tilts the hub 

80 somewhat to follow the shaft, the tilting being ab 
sorbed by flexure of the radial spokes or ribs 81. The 
transverse cross-section of each rib 8 has sufficient 
strength to support adequately any radial load acting on 
the bearing 20 to maintain the centerline of the bearing 
at the same general transverse position. The relatively 
high slenderness ratio, or the ratio of length of rib 8. 
compared to its transverse cross-section gives flexure to 
the rib to permit limited angular deflection of hub 80 
with respect to rim 82. Thus, any axial misalignment of 
the shaft 3 can be absorbed by changes in the film 
thickness and resulting pressure difference, and by flexure 
of the radial ribs 81. 
The load from fluid pressures confined in chambers 

55 between crank 42 and the rotating cage 24 supported 
by shaft 8, produces a large bending moment and radial 
load on the projecting cantilever end of the shaft. The 
bearing 19 and the herein described fluid film bearing 
20 Support and maintain axially spaced points on the 
shaft 18 in generally fixed transverse positions. The 
high radial load, plus the moment of cage 24 on shaft 
8, causes the shaft to bend in a curved manner gen 

erally between the confining spaced bearings 19 and 20. 
The misalignment of the shaft caused by the above de 
flection can now be adequately absorbed by the self 
aligning film bearing 20 without metal-to-metal contact, 

The resistance torque, or loss, of the bearing 20 is 
Small because the force required to shear an oil film is 
a function of the area of the film and is inversely propor 
tional to the thickness of the film; in this design a thin 
film exists only at the land surfaces, which are small in 
area. Moreover, the bearing is smaller in diameter than 
existing anti-friction bearings of long life and good re 
liability, and hence the loss is appreciably less. 
The fluid pressures confined within each chamber 55 

also act in part on the cylinder member 46 surrounding 
the opening 5, and are in part communicated through 
the radial openings 5 to the ports 58 and 60. The fiuid 
in the ports 58 and 60 acts against the portion of the 
cylinder member 46 other than opening 51 in line with 
the ports, and leaks from between the crank 42 and bore 
48 in the form of a fluid film. When the unit is operating, 
one of the ports will be under greatly higher fluid pres 
Sure than the other. Although the effects on cylinder 
member 46 of fluid pressures within the chambers 55 
and ports 58 and 6 generally oppose each other, there 
still results a vector component force generally in a 
direction transverse to the rib 61 connecting the lands 
62. Unless this phenomenon (commonly called separat 
ing force) is corrected, it causes the mating crank 42 
and cylinder member 46 on the high pressure side to 
separate, thereby tending to bind the low pressure side 
in metal-to-metal contact. 
FIGURES 3, 5 and 6 show a particular embodiment 

of means operable to overcome the separating force, 
thus eliminating metal-to-metal contact. Fine circum 
ferential grooves 65 and 196 in crank 42 are formed 
adjacent the ports 58 and 60 respectively and extending 
generally parallel thereto. The grooves 105 and 196 
are separated from each other by lands 107, and each 
from its adjacent port 58 or 60 by a narrow land area 
508 generally between A6 to 4 of an inch across, de 
pending on the diameter and length of the bore and 
radial clearance, etc. The grooves themselves are ap 
proximately 42 to A6 of an inch across and only a few 
thousandths of an inch deep. Land area 109 separates 
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the grooves from the outside edges of cylinder member 
4.6 mating on the crank 42. 
FGURE 5 shows a passage S.E.2 that intercommuni 

cates axial bore 64 and groove 196 on one side of crank 
42 while a passage 13 intercommunicates bore 66 and 
groove 65 on the opposite side of the crank. A re 
strictor 115 of high fluid resistance is disposed in each 
passage 12 and S13 and is operable to throttle the 
through-pressure by approximately one-third or one-half 
When exposed to balanced flow conditions. 

Referring now to FIGURE 6, the pressure forces and 
distributions on opposite sides of crank 42 (ignoring 
the effect of openings ii) are shown by the appropriate 
areas, generally designated i. 6. Assume that port 58 
and passages 64 are exposed to the high pressure fluid, 
while port 68 and passages 66 are exposed to the low 
pressure fluid. Thus, the separating force caused by 
the previous mentioned differentials in pressure acting 
on cylinder member 45 would ordinarily tend to cause 
binding of the right side of crank 42 (FIGURE 5) against 
the cylinder member. To counteract this tendency, the 
high pressure from bore 64 is communicated through 
passage A12 across restrictor E15 to groove A86. The 
film clearance is extremely small adjacent grooves 06 
So the film pressure quickly builds up. Clearance ad 
jacent port 58 initialiy is quite large so that leakage of 
the high pressure fluid across land area 08 to groove 
105 reduces the pressure considerably, groove 135 being 
interconnected across passage i3 and restrictor 15 
further throttling the pressure to port 69. The restric 
tors 215 materially reduce flow through the passages 
Si2 and 153 so that actually little loss because of fluid 
flow results. The pressures at the grooves 135 and 06 
then are dissipated approximately linearly across land 
areas 89 to the end of the cylinder member on the 
crank or across land area 98 to low pressure port 60. 

The integrals of opposing fluid pressures acting over 
the appropriately chosen and and groove areas balance 
cylinder member 45 more symmetrically on the crank 
42 to eliminate any direct metal-to-netal contact. The 
land and groove areas and their positioning on the crank 
from the ports can be accurately determined to coun 
teract the separating force previously encountered. 

it has been noted that each piston 54 has a generally 
larger bearing Surface 56 matable with the shoe surface 
29 On cage 24. Each piston further has a through-bore 
127 (FIGURE 10) extending from the defined fluid chan 
ber 55 to a recess S8 on the innerface of bearing sur 
face 56 separated from the periphery thereof by land 
area 519. A restrictor 226 is fixed within the through 
bore i7. AS fluid pressure in chamber 55 forces the 
piston 54 and thus bearing surface 55 toward shoe sur 
face 23, the fluid is simultaneously delivered at a reduced 
pressure via through-bore i57 and the restrictor E20 to 
recess 138 on the interface of the bearing surface. 
The outwardly acting radial forces on piston 54 will 

be balanced when the average fluid pressure acting within 
recess 58 and filin pressure on land areas 19 produces 
a resultant opposing force of equal magnitude. Under 
any balanced condition, the clearance between the sur 
faces 29 and 56, or the film thickness will be of a cer 
tain value, and thus of a given fluid resistance. 

Ef the film thickness should increase, because of 
duced film resistance, flow would increase, the restrictor 
125 would have a greater effect in throttling the fluid pres 
Sure to recess E18 between the surfaces than with bal 
anced film thickness to reduce the average film pressure. 
The Supporting capacity of the fluid film thereby is re 
duced with the reduced film pressure, permitting a re 
duction in film thickness, and automatically varying the 
film thickness and pressure until balance is established. 
Similarly, if the film thickness is reduced; the film flow 
Would be reduced, so that restrictor 20 would have less 
effect in throttling the pressure, and the pressure intro 
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duced to recess 18 increases to increase the average film 
preSSure. 
Thus the adjacent surfaces are supported spaced apart 

by a fluid film regardless of any unbalancing tendency 
acting on the members. The restrictor 120 throttles the 
pressure to recess 33 as required to maintain balance 
for all applied forces. It has been observed that if at 
balanced film conditions the restrictor 126 throttles the 
preSSure by one-third to one-half of that of the pressure 
Source, the balanced film thickness does not vary appre 
ciably with variation of chamber pressures, and thus of 
loads. Thus at balanced conditions of the film, the 
film thickness is generally independent of the operating 
pressure. 
AS was mentioned above, the longitudinal center axis 46 

of pintle 36 is offset by a given distance from the longi 
tudinal center axis 44 of crank 42. Similarly, pintle 36 
is Supported in housing 12 with its longitudinal center 
axis 48 offset a similar distance from the longitudinal 
center axis 22 of the shaft 8, cage 24 and shoe surfaces 
29, or the center axis of the unit 0. 

FIG. 9 shows an operational sketch, greatly enlarged 
but similar to the front section view (FIGURE 2), of 
the variable flow per cycle adjustintint feature for the 
unit. The unit center axis of the shaft 28, cage 24 and 
the shoe surface 25 is represented at 22; the center axis 
of pintle 36 is represented at 48; and the center axis of 
crank 42 at maximum eccentricity is represented at 44. 
The eccentricity of the unit 6 is the distance from crank 
center axis 44 to the unit center axis 22, as is shown for 
the maximum eccentricity along the maximum top dead 
center line 22, 40 and 44. The stroke of pistons 54 in 
cylinders 50 is twice the eccentricity, the maximum 
Stroke being along top dead center line 23, 22, 43 and 
44 as indicated. 

Since pintle 35 can rotate in housing 12 about its ceil 
ter axis 40, the locus of points defined by the adjusted 
crank Center axis 44 extends along line E24 in a circular 
path above pintle. axis 43 and intersects the unit center 
axis 22. When pintle 35 is rotated by worm gear 41 
through an angle 126 crank axis 44 is shifted to 44a. 
Line 528 between the adjusted crank axis 44a and machine 
axis 22, or the adjusted top dead center of the eccentric, 
Totates through an angle E30 from the maximum tep 
dead center line 22, 48 and 44. Through elementary 
trigonometry it is apparent that angle 130 is one-half the 
angle 26. Thus for pintle rotation through any angle 
$26, the top dead center of the adjusted eccentric is 
shifted by angle 330 from the maximum top dead center 
along line 22, 49 and 44. 

For an angle 126 of pintle rotation, the eccentricity is 
reduced from its maximum along straight line 22, 40 and 
44, to its adjusted value designated by line 28 between 
22 and 44a. The reduction of the eccentricity is shown 
by distance i32. Thus, as the shaft i3, cage 24 and shoe 
Surfaces 29 rotate about the unit center axis 22, the 
contraction and expansion of the pistons 54 in the cylin 
ders 58 varies by twice the adjusted eccentric distance 
22, 44a, or by the adjusted stroke 34, 22, 44a. The 
eccentricity varies as a harmonic function from its maxi 
Intim 22, 48, 44 to zero at 22 as the pintle 36 is rotated 
from the top dead center position through angle 126 
equal to 180"; in fact as the cosine of one-half the angle 
26 of pintle rotation. 
The crank 42 is rotated through a similar angle as the 

pintle 36. Thus as pintle 36 is rotated an angle 26, 
the land areas 62 of crank 42 are similarly rotated an 
angle equal to 125, as represented in FIGURE 9 by points 
33d defined by the intersection of line E35 extending from 
inachine center 22 at an angle equal to 126 (shown as 
i38 and 36), and the adjusted eccentric circle E37. 

Thus, radial openings 5A communicating between fluid 
chainbers 53 and the ports 38 and 66, do not pass the 
lands 62 represented by the points 62a until cylinder 
member 46 is rotated relative to crank 42 an additional 
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angle 136 past the adjusted top dead center axis 134, 22 
and 44. From points 138, across 44a and 34 respec 
tively, to point 62a, represented by an angular rotation 
of cylinder member 46 on crank 42 through angles 130 
and 136 equal to pintle rotation 126, the pistons 54 are 
reciprocated within the cylinders 50 a distance 140 with 
out actually causing fluid flow through the unit 10. The 
fluid in each chamber 55 is caused to reverse normal flow 
during relative rotation of cylinder member 46 on crank 
42 through an angle represented by 130; but is permitted 
to resume normal flow during the subsequent equal an 
nular rotation represented by 136. 
Thus the effective adjusted stroke of pistons 54 in cylin 

ders 59 is not twice that of the adjusted eccentricity 22, 
44a; but is that portion which is represented by line 142, 
22, 42 on the adjusted top dead center line 134, 22 and 
44a. The effective adjusted stroke varies from the ad 
justed stroke as the cosine function of one-half the angle 
126 of pintle rotation from 0 to 180. Since the ad 
justed stroke also varies as the cosine function of one 
half of angle 126, the effective adjusted flow per cycle, 
consequently varies from maximum to zero as the square 
of the cosine function of one-half the angle 26 of pintle 
rotation from 0 through 180. 
Thus, for pintle adjustment through an angle 26, the 

adjusted effective flow of unit it is varied both by the 
double mounted eccentric shaft 18, and pintle 36 and 
crank 42, and by phasing lands 62 with respect to the 
top dead center positions. A graph showing the flow 
capacity per cycle as a function of adjusted pintle rotation 
from 0 to 180° traces a reverse S (it being the square 
curve of the first quarter cycle of a cosine function) hav 
ing generally curved opposite ends and having a generally 
linear intermediate portion. This is quite different from 
Similar graphs of conventional variable flow units wherein 
the adjustment is affected either singularly by varying the 
stroke or singularly by phasing the port lands with respect 
to the top dead center positions. 

It will also be noted that the structure including the 
double eccentric relationship of the shaft 18, pintle 36 
and crank 42 although easily fabricated is capable of 
withstanding rigorous service conditions. Since pintle 36 
does not rotate rapidly, bearings 38 and 39 need not have 
the characteristics required of film bearing 20 for rapidly 
rotating shaft 8. A simple worm gear 41 keyed to pintle 
35 can be used to adjust the crank 42 with respect to shaft 
18 to vary the flow capacity, as previously described. The 
mounting of the pintle 36 is such that any adjusted posi 
tion of the pintle can be adequately and accurately main 
tained by the Worm gear 4 and its driving pinion 43; al 
though other structure equally as simple could be used. 
While a single embodiment has been shown, it is ob 

vious that variations therein can be made which employ 
the basic concepts of the subject invention. According 
ly, it is desired that the invention be limited only by the 
claims hereinafter following. 
What is claimed is: 
1. A hydraulic pump or motor unit, comprising an an 
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nular cage having spaced shoe surfaces disposed sym 
metrically of its center axis, external drive means con 
nected to said cage to move directly therewith during rota 
tion of the latter about said axis, a pintle mounted on a 
rotational axis offset from said center axis, said pintle in 
cluding integral therewith a cylindrical crank having its 
longitudinal center axis offset from the rotational axis by 
a distance similar to said first-mentioned offset and gen 
eraily disposed at some eccentricity from the cage center 
axis, nating pistons and cylinders supported respectively, 
between the shoe surfaces and the crank and defining a 
plurality of fluid chambers, the distance between each shoe 
surface and the crank varying by twice the eccentricity 
during a rotation of the cage about its center axis, said 
pistons and cylinders being reciprocable thereby along 
axes extending radially from the crank center axis to vary 
the volumes of said fiuid chambers, means operable to 
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port the fluid chambers including separate inlet and outlet 
ports on the crank terminating in diametrically spaced rela 
tionship generally equidistant of a plane through the 
above-mentioned axes of the cage and pintle, and through 
the center axis of the crank when the latter is so posi 
tioned, and means to rotate the pintle about its rotational 
axis so as simultaneously to adjust the eccentricity of the 
cage axis from the crank axis and to phase the porting of 
the fluid chambers effective to vary the volumetric flow 
capacity per cycle of the unit. 

2. A hydraulic pump or motor unit, comprising a hous 
ing, an annular cage having spaced shoe surfaces disposed 
symmetrically of its center axis, an external drive shaft 
connected to the cage symmetrically of the center axis 
operable to support said cage and to be in driving rela 
tionship therewith, a pintle supported by the housing on 
a rotational axis offset from said center axis, said pintle 
including rigidly secured thereto a cylindrical crank hav 
ing its longitudinal center axis offset from the rotational 
axis and disposed radially in line with the shoe surfaces, 
mating pistons and cylinders supported respectively, be 
tween the shoe Surfaces and the crank and defining a plu 
rality of fluid chambers, the distance between each shoe 
surface and the crank varying by twice the eccentricity of 
the cage axis from the crank axis during a rotation of 
the cage about its center axis, said pistons and cylinders 
being reciprocable thereby along axes extending radially 
from the crank center axis and operable to vary the vol 
umes of said fluid chambers, means to port the fluid cham 
bers, means to rotate the pintle about its rotational axis 
to adjust the eccentricity of the cage axis from the crank 
axis and simultaneously phase the porting to the chambers, 
and self-aligning bearing means for supporting the shaft 
rotatably of the cage center axis, said bearing means in 
cluding a rigid hub having a bore closely surrounding the 
shaft, means including a source of fluid under high pres 
sure and fluid passages having direct communication there 
with and with the inner-face of the bore operable to estab 
lish a fluid film between the hub and the shaft, each of 
said passages having a resistance to flow comparable to the 
flow resistance of the fluid film under normal film flow 
and clearance conditions, and flexible structure between 
the hub and housing flexibly supporting the former so 
as to accommodate a limited tilting thereof relatively to 
the normal longitudinal center axis of the shaft. 

3. A hydraulic pump or motor unit, comprising in conn 
bination, a housing, an annular cage supported by the 
housing and rotatable about its longitudinal center axis, 
external drive means in direct driving relationship with 
Said cage, a cylindrical crank supported by the housing 
and having its longitudinal center axis parallel to but 
offset from the cage center axis by a given eccentricity, 
said cage having a plurality of circumferentially spaced 
shoe surfaces radially spaced from the crank, a cylinder 
member having a through-bore matable receiving the 
crank, said cylinder member having a corresponding plu 
rality of cylinders extending radially from the crank open 
toward the respective shoe surfaces, a piston member 
matably received in each of the cylinders and defining 
therewith a variable volume fluid chamber, each piston 
member symmetrically of and in line with the cylinder 
having a bearing Surface of greater area than the area of 
the cylinder and disposed matably adjacent the respec 
tive shoe Surface, the cylinder member being freely rotata 
ble on the crank and having no mechanical connections 
to the cage or to the drive means other than through the 
piston members, so that the cage, cylinder member and 
piston members all tend to rotate in the same direction 
at the same speed about their respective centers, and that 
during each rotation each piston member and cylinder 
member reciprocate relative to one another by twice the 
eccentricity, means to port the fluid chambers, said crank 
having opposing separated grooves intermediate the mat 
ing through-bore periphery of the cylinder member, and 
means to Supply the piston bearing surface and crank 
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grooves with fluid at pressures generally inversely propor 
tional to the clearances of the interfaces defined proximate 
thereto for establishing fluid films therebetweein, said iast 
entioned means including a source of high pressure fluid, 

and structure forming a restricted through passage inter 
communicating the pressure source and each interface and 
having a flow resistance comparable to that of the respec 
tive fluid film under normal film clearance conditions. 

4. A hydraulic pump or motor unit, comprising an an 
nular cage having spaced shoe surfaces disposed symmetri 
cally of its center axis, a pintle Supported to rotate about 
a rotational axis offset froin said center axis, a cylindrical 
crank formed integrally of the pintle and having its lon 
gitudinal center axis offset from the rotational axis, mat 
ing pistons and cylinders supported between the shoe Sur 
faces and the crank and defining a plurality of fluid cham 
bers spaced radially of the crank, said pistoias and cylin 
ders being adapted to reciprocate relative to one another 
along axes extending radially from the crank center axis 
and to rotate with the cage during rotation of the cage 
relative to the crank effective to vary the volumes of said 
fiuid chambers, means to port the fluid chambers includ 
ing circumferentially aligned diametrically spaced separate 
inlet and outlet ports terminating on the periphery of the 
crank in radial alignment with the pistons and cylinders 
and generally symmetrical of a plane through all of said 
centers in the maximum throw position, said port means 
being adapted to communicate separately and successively 
with each fluid chamber upon each rotatable cycle of the 
cage and the pistors and cylinders relative to the crank, 
and means to rotate the pintle and integral crank equal 
rotational angles about the rotational axis effective to ad 
just the distance between the cage center axis and the 
crank center axis and simultaneously therewith to phase 
the port means relative to the adjusted throw position for 
varying the flow capacity per cycle of the unit. 

5. in a hydraulic pump or motor unit having a cylin 
drical crank member including separate circumferentially 
aligned fluid inlet and outlet ports terminating on the ex 
terior of the crank member in generally diametrically 
spaced relationship, and a cylinder member having a bore 
Snugly receiving the crank member effective to cover the 
inlet and outlet ports and defining in part at least one ex 
pansible fluid chamber adapted to communicate separately 
with the fiuid ports through an opening terminating at the 
bore perishery radially in line with the fluid pets upo 
each rotation of the cylinder member relative to the crank 
meniber, the combination including a pintie member Sup 
ported rotatably by the unit to rotate about a given rota 
tional axis, the crank member being securely fixed to the 
pintie member and having its longitudinal center axis 
offset from but parallel to the rotational axis of the pitle 
member, the crank member also having on its periph 
ery at least two separate circumferential grooves spacec 
from one of the fluid ports and extending circumferen 
tially to approximately in line axially of the bore with the 
circumferential terminations thereof, each of said grooves 
being of narrow width and shallow depth and being on the 
interface of the bore spaced from said one fluid port, 
means forming fluid passageways between the other of the 
fluid ports and the separate grooves, the fluid leakage 
from the grooves and the ports between the adjacent por 
tions of the crank member and the bore periphery being 
effective to establish a fluid flow therebetween, means 
forming a restrictor in each of the passageway means of 
flow resistance comparable to that of the fluid film under 
normal film flow and thickness conditions, and means to 
rotate the pintle and crank member about the rotational 
axis to vary the fiuid output per cycle of the unit. - 
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6. In a hydraulic purp or inotor unit having a cylin 

drical crank meinber inciding separate circuiferentially 
aligned fluid inlet and outlet ports ternitiating on the ex 
terior periphery of the crank member in generally dia 
metrically spaced relationship, and a cylinder member hav 
ing a bore snugly receiving the crank member effective to 
cover the inlet and outlet ports and defining in part at least 
one expansible fluid chamber adapted to communicate 
separately with the fluid ports through an epeiitig ter 
minating at the bore periphery radially in fire with the 
fluid ports upon each rotation of the cylinder member 
relative to the crank member, the combination includ 
ing a pintle member Supported by the unit to rotate about 
a fixed rotational axis, the crank member being formed 
integrally with the pistle member and having its ion 
gitudinal center axis offset from but parallel to the rota 
tional axis of the pintle, the crank member also having 
on its periphery separate circumferential grooves spaced 
endwardly of each of the fluid ports on both sides there 
of and extending circumferentially to approximately in 
line axially of the bore with the circumferential termina 
tions thereof, each of said grooves having a generaliy smail 
cross area of approximateiy 62 to A6 of an inch width 
and approximately a few thousandths of an inch depth 
and being on the interface of the bore endwardly of the 
fluid port spaced generally 46 to 4 of an inch therefrom, 
means forming fluid passageways between each fluid port 
and the separate grooves adjacent the opposite fluid port, 
the fluid leakage from the grooves and the ports between 
the adjacent portions of the crank member and the bore 
periphery being effective to estabiish a fluid film therebe 
tween, means forming a restrictor in each of the passage 
way means of flow resistance comparable to that of the 
fluid film effective to throttie the fluid passing there 
through under normal film flow and thickness conditions 
by one-third to one-half the original fluid pressie, and 
means to rotate the pittle and crank member about the 
rotational axis to vary the fiuid output per cycle of the 
unit. 
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