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2,744,799
BEARING

Hamry A. S. HoWarih,‘ Philadelphia, Pa.; Mary Johnston
Howarth, administratrix of said Harry A. S. Howarth,
deceased : R .

Application April 23, 1952, Serial No, 283,944
35 Claims. (CL 308—160)

" This invention relates to pivoted shoe bearings, and
more particularly concerns the shoes for such béarings.
1t further relates to mounting means for such shoes which
allow the shoes to tilt with respect to the opposing mov-
ing bearing face.” More specifically the inverntion relates

to pivoted shoe bearings wherein the bearing faces of the &

shoes are substantially parallel to their backs. The inven-
tion further relates' to bearing structures including shoes
of ‘the foregoing character together with means for sup-
porting said shoes, whetein the supporting means includes
means for tilting the shoes in a bath of lubricant when
the bearing is in operation to permit. the formation of
lubricant films of particular forms that hold the bearing
faces apart so that they operate free of contact with each
other. S '

. While the invention is widely applicable to thrust
bearings having flat faced pivoted shoes, it'is also appli-
cable to journal bearirigs having cylindrical shoes and
further relates to bearings having spherical, conical or
toric shoes, for example, and particularly concerns bear-
ings of these kinds wherein the shoes have substantially
parallel backs and faces. .

One disadvantage inherent in many conventional beai-
ings lies in the fact that they are specifically adapted
for' use with one particular kind of support, but are not
readily adaptable for use with different supports inter-
changeably. Accordingly it is one objéct of this inven-
tion to provide bearing shoes which can be produced
in sets of a predetermined nominal size that can be used
interchangeably with any of a wide range of different
supporting means. * It"is another aim of this invention
to improve ‘and simplify the forms and mountings of con-
ventional pivoted shoe bearings in ways that facilitate
their application to machinery of different kinds, sizes and
speeds.’

Conventional pivoted shoe bearings provide a Iubri-
cant film which often does not have the proper shape
or thickness, and no means are provided to compensate
for-the natural change of thickness of the supporting
lubricant' film -as the relative speed of the moving parts
is-varied. It is accordingly another object of this inven-
tion to provide- bearing means wherein the shape and
thickness of the lubricant film may be predetermined
to provide optimum conditions over a wide speed range.

For certain kinds of relative motion; different points
on the bearing faces are subjected to different relative
velocities. For example, in circular type motion the rela-
tive velocity at the outer side of the face of the bearing
shoe is much greater than the relative velocity at the
inner side of the-face of the bearing shoe. At points of
excessive velocity thé’ lubricant film tends to become
very thin if the shoe is incorrectly mounted, and this
tends to create excessive local wear and possible damage
to the moving parts.  Accordingly it is another object
of this invention to provide a bearing tilting means includ-
ing control means operative in response to the relative
motion of the moving parts which causes the shoe to tilt
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- - Fig. 9 represents a diagrammati showﬁj(
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an-intervening lubricant film having predetermined thick-
ness distribution characteristics. .
It is a still further object of this invention to provide
a bearing of the foregoing character wherein means are
provided for limiting the extent of tilting movement of
the bearing shoe. Still another object is to provide. cool-
ing means disposed externally of the tilted shoe- together
with means through which heat may be conducted for
cooling the shoe in its titlted position, .. - ' . .
In conventional: bearings auxiliary means have: fre-
quently been provided for circulating oil or other lubri-
cant and thereby preventing the bearing surfaces from
overheating. It is another object. of this invention-to
eliminate auxiliary lubricant circulating means-and to
provide a bearing structure wherein the lubricant is cit-
culated, by -reason of the bearing construction ‘itself, in
response to the relative movement of the parts.
When bearings operate at high speed the bearing lubri-
cants used are usually light in order to.hold ‘the’ friction
loss ‘withini limits essential to adequate load "capacity.
Under such. conditions the instability of radial film thick-
ness may lead to bearing shoe vibrations. Hence another
object of this invention is to prevent radial vibrations
in a tiltable, bearing shoe without losing control of. the
lubricant film form and the freedom of the shoe to adjust
itself to load, speed and viscosity. | T
Conventional. thrust bearings are often designed. not
only to carry normal loads at normal speeds but also
to sustain shock loads as well, Their ability to sustain
shock loads depends upon the particular characteristics
of the lubricant film formed, as well as upon the form
and strength of the mounting means and upon the oper-
ating viscosity of the lubricant. Accordingly this inven-
tion further aims to provide bearings having high shock
load capacity without sacrificing other desirable attributes’
previously referred to herein. o y ]
Another object of this invention is to provide a simpli-
fied bearing which may readily be manufactured - from
bar or other stock, with improved economy of material
and with greatly reduced manufacturing cost. SR
Other objects and advantages of this invention, includ-
ing the simplicity and economy of the same, as well as
its adaptability to wide varieties of uses, “will further
become -apparent hereinafter and in the drawings,
whereof: ‘ R
Fig. 1 represents a view in perspective showing one
specific ' form of thrust bearing which embodies fea-
tures of my invention; : S
Fig. 2 represents an exploded view in perspective simi-
lar to Fig. 1, portions of the bearing ‘structure ‘being cut
away and other portions removed in order more ¢clearly
to disclose important details; etk

Fig. 3 represents a fragmentary sectional ‘view’ taken

. as indicated by the lines and arrows IIT—III which appear

in Fig, 1; h :

Fig. 4 represents a fragmentary sectional view' similar
to Fig. 3 showing a modified form of bearing shoe mount-
ing means; SR

Fig. 5 represents a view in
shown in Fig. 4;

Fig. 6 represents a view in
ing shoe of modified form;

Fig. 7 represents an exploded plan view of still another
modified form of thrust bearing constructed ‘in accord-
ance with this invention; o EER AL

Fig. 8 represents a diagrammatic fragmentary illus-
tration, in plan, of one form of bearing mounting ring
with a bearing shoe thereon; T N

Fig. 8a represents a sectional view taken as indicated
by the lines and arrows Villg—VIla w ppear in'
Fig. 8; D Lo :

perspective of the ;l;oe

perspective showing a besr-
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ing to a projection of Fig. 8 showing the character of
the lubricant: film produced: with the bearing- shoe- tilted
along a non-radial axis and -having a flat bearing face;

Figs, 9q and 9b represent views in perspective show-
ing- still- other modified forms of bearing shoe mounting
means embodying features of this invention;

"-Figs: 10 and 11 are diagrammatic views similar to Figs.
8-and 9 showing. the character of lubricant film- attained
when the bearing face of the shoe is beveled in the man-
et fllustrated 'in Figs. 1-3;

" Fig: 12 represents a vertical axial sectional view show-
ing another modified form of vertical thrust. bearing em-
bodying features of this invention, in combination with
housing means therefor, some- of the.internal parts. being
partly broken away-in order to expose others. ta view;
"Fig. 13 represents a sectional view in plan, taken as
indicated’ by the linés and arrows XIII—XIIT which
appear in Fig. 12;

"'Fig. 134 represents a sectional view taken as indicated
by ‘the lines and. arrows XIIla—XIfla which appear in
Fig, 13; ,

‘ Fig, 14 represents an enlarged fragmentary view of
the ‘élements indicated by the dot-dash area XIV. which
appeéars in Fig. 13;. ‘

“Figs. 15-17 represent vertical axial sectional views
showing. applications of bearing shoes in modified forms
of ‘bearing. structures; ‘ :

“"Figs.. 18 and: 19 represént views in. side elevation,
with certain parts broken away and shown.in section;
illustrating modified formis of bearing structures wherein
bearing, shoes embodying. features of this invention. are
applied to a.retating. thrust collar;

" Figs.. 20-27 represent diagrammatic vertical axial sec-
tianal views.showing modified forms of mounts an which

thrust shoes may. be supported in accordance with this -

invention; _

. Fig, 28 represents a view. in perspective of some of the
discs illustrated: in Fig. 27; ‘

" Fig. 29 represents a view in perspective of the other
one.of the discs illustrated in Fig. 27;

. Fig. 30 represents a plan view. of a piece of bar stock
shawing, successive stages in the method: of manufacturing
bearing shoes embodying, features of this invention;,

- Fig. 31, represents.a plan view of a bearing:embodying
features of this.invention, showing the application of my
hearing shoes for, straight line reciprocating: motion; and

_Fig, 32 represents a sectional view taken as. indicated
by the lines and arrows XXXII--XXXII which appear
in.Fi& 3._1n:" : N Co

TFurning. new ta. the. specific form of the. invention

shown in Figs. 1-3 of the drawings, the bearing structure
there shown.is supported on a-deck 50. A split mounting
ring 51,.consisting: of two.halves or sections Sla split at

52, lies upon the deck 50. Each section-51a is notched
at 83 to receive a key 54 which is screwed or otherwise
secured; tathe.deck 50.. The ring sections S1g are:thereby
secured relative: to one.another and to the deck 50, The
mounting ring 51 shown in the drawings includes a pair
of diametrically.onposed split dowels 55 which are vertical
with. respect. to. the_ flat upper face of the mounting ring:
Each dowel 55 is hollow and split into halves or: sections:
55g,, each section. 554 having: a bore providing.a semi-
cylindrical face 56. The bores of the split dawels 35. are
arranged. to. fit-the diametrically. opposed. vertical mount-
ing pins 57 which are fixed to-the deck 50. Thus the
split.dowels. §§ and. mounting pins 57 coact with the-key
54.ta.snpport, the. assembled mounting ring 51 firmly in
position on the deck 50. : . ]

- Each. split dowel section 55a carries a fixed, radially
disposed retainer. lug. 60 which-is spaced above the upper
face of the mounting ring 51. Each: retainer lug, 60
projests. radially- inwardly and. ontwardly beyond the- ex-
tremitigs. of its split:dowel section. 554. :

P ~Spaged y between the split dowels 55 are a: pain
A tﬁ% /. apposed. full dowels 61, They. are fixed
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to opposite mounting ring sections 51a and carry fixed
double size retainer lugs 62 similar in arrangement to- the
retainer lugs 60. -

Four full dowels 63 are also fixed to the mounting
ring 51, in diametrically opposed pairs. Each full dowel
63 is spaced equally between a split dowel 55 ard a full
dowel 61. Each full dowel 63 has a radial ridge 64
formed on top thereof, the ridge 64 having a radially
directed hollow bore adapted to receive a cotter pin 65.

As indicated most clearly in Fig. 2,.the: upper face:of
the. mounting ring 51 includes. a plurality: of substan-
tially triangular flat horizontal surfaces 70 each of ‘which
is disposed on the portion of the mounting:ring 51 which
extends between adjacent dowels. The flat surfaces 70
are disposed along the inner edge of the mounting ring
and are subtended by a pair of bevelled faces 71 and 72.
The bevelled faces 71, 72 are flat and slant diagonally
in the planes of the dull knife edges 73, 74 along which
they intersect the corresponding flat horizontal surface
70.  One bevelled face 71 of each pair slants downwardly
outwardly of the mounting ring 51 and. downwardly to-
ward one dowel, while the other bevelled face 71 of the
pair slants downwardly outwardly of the mounting ring
51 and downwardly toward the other dowel. The bevelled
faces 71, 72.also intersect to form downwardly cutwardly
slanting edges 75 which are substantially midway be-
tween dowels. Around the outer ends of the bevelled
faces 71, 72 is. a peripheral wall 76 which extends com-
pletely around the mounting ring 51.

1t will be appreciated that the bevelled faces:71, 72 are
preferably formed at a very small angle to the horizontal;
This angle has been exaggerated in the drawings for the
sake of clarity.

The number 80 designates a bearing shoe each of which,
as shown in Figs. 1-3, has a curved outer side 81, flat inner
side- 82, and radial end walls 83, 84. Each shoe 80 has
a flat back 85 and a flat face 86 which is parallel-to the
flat back. Each bearing face 86 is composed preferably
of hard bearing material 87 which has capacity. to_resist
wear, and has bevelled end portions 88, 8% forming flat,
wedge-shaped bevelled faces thereon. Formed: integrally
at the ends-of each shoe 80 are a pair of flanges or wings
90.having back faces 91 flush with the flat back 85. The
wings: 90 are bored at a curvature substantially equal to
the curvature of each dowel 55, 61,.63 to provide cavities
92 in which the dowels are received. The flat upper. face
93 provided at the end:of each bore is arranged.to provide
clearance space 94 above the top of each:dowel,.as.shown
in Fig. 2, when.the shoe and dowel are assembled. - Thess
dowels are. accurately and evenly spaced:upon.the-mount-
ing ring.in a manner to receive between them the indi-
vidual tiltable shoes. These dowels are at the ends of
tangents to the. mean diameter of the shoe faces. This
is: the basis. of the interchangeability of all shoes shown.

face, a.pair of radially directed:chanuels 95 each having-an
inverted U-section. The:channels 95 extend-in a straight
line path from.the outer side-81 to the inner side 82.of
the shoe. They form return passages for eil or other
lubricant which- may be circulated: outwardly over the
wings.98 and inwardly through the passages 95-to lubricate
and.cool the-shoe 80. When the mounting requires such
a return flow it may be had in this: way or by means of
passages in the members below the shaes.

In the assembled bearing, each alternate.dowel retainer
Iug 60, 62, is spaced. above one wing 90-of each: shoe: 88;
while-a cotter pin 65 is. spaced above the.other wing 90
of each shoe 80. Each shoe 80 is thereby retained against
removal from the mounting ring:51 but i, free: to lawer
and to tilt and. thereby bring the flat back 85 into:face
contact with either of the bevelled surfaces 71, 72 or-with
the flat surface 70 of the mounting ring. . As appears.more

- clearly in Fig. 3, clearance is also. provided. between the

75

bored cavities 92 and adjacent:dowels to- permit-free shoe
tilting: Exhibit 1016
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The bearing structure shown in Figs. 1-3- is readily
assembled by locking the split ‘mounting ring sections
51a, 51a on the deck ‘50 utilizing the keys 54.° Or if
desired this may be done by bolting the halves by means
of lugs, not shown, extending outward at the joint, for
example. In order to assemble the shoes upon the sup-
porting plate 51a each shoe is then held with its back 85
at an angle to the plane of the flat surfaces 70 of the mount-
ing ring 51 with one wing 90 above the opposite wing 90,
and the lower wing 90 is then slid under one of the retainer
lugs 60 or 62. The upper wing 90 is then lowered on its
corresponding dowel and locked in position by a cotter
pin 65. The bearing structure is completed by assembling
a plurality of similar shoes 80, as indicated in Fig. 1, Of
course the number of shoes, as well as their spacing from
one another, may be varied to suit the need, so long as the
supports are independent and adequate. )

In Fig. 3 the number 96 designates a runner Wthh
may be a revolving collar or any other moving part. It
will be appreciated that the runner 96 may also be sta-
tionary with the bearing shoes revolving, ot both the run-
ner 96 and the bearing shoes may be revolving either in
opposite directions or at different speeds in the same
direction. All such conditions ‘are intended to be em-
braced herein by referring to the shoes 80 and runner 96
as “relatively moving.” While the shoes and runner are
immediately adjacent to one another and aré “relatively
moving” under load, they are separated by a lubricant film
from actual contact. As will become apparent, the shape
and thickness of this lubricant film are important and
critical. When the bearing base and shoes are at rest the
Tunner load is carried through the shoe body to the flat
horizontal face 70 of mountmg ring 51, Fig. 2. Thus a
flat area of substantial extent is provided for absorbmg
thrust load upon each shoe while the parts are stationary
with respect to one another.

In operation, the relatively moving parts of Figs. 1-3
are immersed in oil or other lubricant and relative move-
ment is established, usuaily by rotating the runner 96
. (Fig. 3) Assuming the runner 96 is movmg continu-~
ously in the direction indicated by the arrows (a), the
viscous drag of Tubricant between shoe face 86 and runner
96 .causes each shoe 80 (Fig. 2) to. tilt along the non-
radial knife edge 74 (which is parallel to the working
face of the runner 96) with one portion of its flat back 85
lifted off the horizontal flat surface 70 and another por-
tion of its flat back 85 approaching toward the bevelled
face 72. For rotation in this direction I call the end wall
84 the leading end of the shoe 80 and the'end wall 83
the trailing end of the shoe 80. The bearing faces of the
shoes, being also shown with bevels'in Fig. 2, the ‘bevelled
face 88 is correspondingly termed the leading bevelled
face, and bevelled face 89 the trailing bevelled face, since,
as I apply the terms “leading” and “trailing,” the lubri-
cant film between the relatively moving parts always enters
at the leading end of the shoe 80 and 1eaves at the. trail-
ing end of the shoe 80.

As the velocity of relative movement increases, the
angle of tilt gradua]ly increases. At a constant relative
speed, equilibrium is -established and the angle of tilt
becomes constant. Preferably, at the relative speed of ro-
tation in the direction of arrows (a) for which the bearing
is designed, the angle of tilt of each shoe under stable
equilibrium conditions is equal to the angle between the
horizontal face 70 and the adjacent bevelled face 72 of
the mounting ring 51, and the shoe back will lie against
the bevel 72. Should the relative speed exceed the-design
speed, each shoe back 85 is urged more tightly against the
correspondmg bevelled face 72 which constitutes stop
means serving to limit the extent of tilting movement of
the shoe 80 and, therefore the lift of the reverse face above
the shoe face follows a law of reduced rise. The bevel

is, by-design, limited to a definite angle, and the desired
limit of tilt can thus be predetermined. ' Should the rela-
tive speed ?argeguTerl &ezadgle of tilt of shoe 80 is cor-
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tespondingly reduced and the flat back of each shoe re-
‘turns to its position on the horizontal mounting ring 51
when relative movement is stopped

For rotation of the runner 96 in the opposite dlrectxon,
each shoe 80 tilts about the dull knife edge 73, Figs: 2
and 3, and, at design speed, each shoe 80 is tilted in
equilibrium with a portion of its flat back 85 immediately
adjacent to the bevelled face 71. Thus each shoe can
tilt ‘along a. predetermined axis disposed at an oblique
angle, or non-perpendicular angle, to the path of relative
movement of the bearing shoe and runner, in response to-
such relative movement, either clockwise or counterclock-
wise.

As 1nd1cated in Fig. 8, the knife edge 105 on the mount-
ing ring extends non-radially from the inner edge 106
to the outer edge 107 of the ring, and this provides only
one bevelled face 108 and one substantially horizontal
face 109. Not only is the knife edge 105 longer than
the knife edges 73, 74 of Figs. 1-3 but the horizontal
and bevelled faces 198, 109 have more area than the cor--
responding faces 70, 71, 72 of Figs. 1-3, for a given.size
mounting ring. ‘While this arrangement does not pro-
vide for reverse shoe tilting, it gives improved shoe sta-
bility, particularly at relatlvely high speeds, as will further
become apparent.

" The unidirectional mounting ring of Fig. 8 may. be
converted ‘to a reversible mounting ring by forming an-
other knife edge along the line WX (Fig. 8). In revers-
ible mounting rings of this character the center of gravity
G of the shoe is quite near the point of intersection H
of ‘the- knife edges. Under some conditions there is. a
tendency for such a shoe to vibrate or flutter along the
axis of the knife edge, since the center of pressure of the
lubricant film may be near the intersection H, with the
shoe therefore supported principally at the point H rather
than along the entire knife edge. This tendency to flutter
along the knife edge axis is effectively controlled by the

.dampers 165 which are on the mounting ring at the outer

ends ‘'of the knife edges on which the shoe tilts, see also
Fig. 8a. Mounting ring 51" has a cylindrical bore carry-
ing a coil spring 166 urging a cylinder 167 and piston
168 upwardly. The upper end of the piston 168 contacts
the bottom of shoe 80’ at its outer edge.. The entire
bearing structure is submerged in fluid lubricant which
flows into and out of the cylindrical bore through.a re-
stricted passage 169, thus providing a damping effect.”
- Fig' 9a shows a modified form of mounting means
wherein the axis of tilt may be varied and adjusted at
any desired anglé. A mounting plate 110 carries dowel
caps 111 which are hollow and adapted to fit over pins
on a-deck (not shown), as heretofore described. A disc
112 having a horizontal flat face 113 and a bevelled flat
face 114 which intersect to form a dull knife edge 115 is
rotatably disposed in"a central aperture in mounting plate
110. - Threaded through the side of mounting plate 110
is a'set screw 116 the end of which enters into depressions
117 formed in disc- 112, thereby securing the -disc 112
against rotation. A bearing shoe such as the shoe 80
shown in Figs. 1-3 may be placed on the disc 112 to form
an assembled bearing unit, and a plurality of such as-
sembled bearing units' may be disposed in the desired
arrangement to serve as bearings... Moreover, the ‘angle
of the knife edge 115 to the path-of motion may readily
be varied in order to determine the optimum angular rela-
tion-in any particular instance.

Fig. 95 shows a modified form of disc 118 which. pro-
vides -for reversible relative rotation. - The disc- 118 is

- mounted in a cylindrical opening in a mounting ring 119,

70

said mounting ring having a flat bottom 132 in said open-
ing. ‘The disc 118 has a top horizontal flat surface 113

_ and a top bevelled surface 114, forming a dull knife edge

75

115, as in Fig. 9a. It also has a bottom flat horizontal
face 133 and a bottom bevelled face 134, such faces form-
ing a bottom dull knife edge 1385. ,Bottm}lfpéfﬁ» i3t 6
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135:extends:in:a plane parallel to. top. knife edge 115, but
the knife; edges: are respsctively: at: opposite angles; to. ‘the
path of relative rotation..

- The:disc: 118 has a: spherlcal-sectlon side wall 136 carry-
ing-a:peg. 137 the -axis: of which extends along a. line per-
pendicular-to. the: bottom: knife: edge-135,. and moves up
apd: down: in: a vertical: slot 138: in. mounting: ring: 119
when the disc. 118 rocks. or tilts about knife-edge- 135.
The: disc: 118 is.held against rotation: by, the peg; 137 and
stat. 138.

. For-the: direction of rotation of the: Tunner as mdlcated

b,yd the: arrow (a). in Fig. 95, the shoe (not shown) tilts
over the top knife edge 115, while for rotation of. the
sunner:in; the opposite direction: as-indicated by-the. arrow
(b). the shoee: lies. flat :against the. horizontal top face 113
and the shoe:and:disc 118 tilt-together as-a unit over the
bottom: knife edge 135: The disc 118 may merely sup-
plement the bevels. of Fig: 2 or;it. may provide the only
tilting means. and thus. simplify- the. cage that holds it-in
place..
- The: effect of the non-radial tilting. movement- of
each shoe: 8¢ in response to viscous, lubricant drag, just
explained with Figs. 8, 9, 9a and: 95, is; further- apparent
from: Figs. 10 and 11. In the medification shown, the
shoe bearing face is not flat but has bevels; as. shown: in
Figs: l:and 2. The leading slightly-bevelled face 88" of
the shoe 80' has at its leading radial edge a: chamfer
100; which forms a face angled about 45% to. the bevelled
face.88’, to receive the impact pressure of lubricant-in a
high: speed- bearing. The leading end: chamfer 100 pref:
erably terminates just before reaching the outer- and
inner sides 81°, 82’ of the shoe. The: trailing bevelled
face 89 has a-similar trailing end chamfer-101.

With- the shoe: 80’ tilted along: the axis. of the dull
knife: edge 74’, the: lubricant film 142 is. of- substantially
wedge form and it averages thicker at the outer side 81"
of the bearing shoe 80° than at its inner side 82, This
relationship is predeterminable by the:angularity of -edge
74’ with relation to a radial line at its middle. This is
important and advantageous since the: relative velogity
between the runner and shoe is greater at the outer side
than at: the inner side, and a. thicker lubricant film is
accordingly required: at-the outer side. As:shown.in Fig:
11;. the lubricant: film 162, whose: main body: 1025 has
the largest area, includes a more, sharply inclined leading
wedge portion 1024, and a similar face 102¢ at its trailing
end; which is designed-to be about parallel with the runner
96 when the bearing is operating at designed speed. The
section.of the film with its-end bevels 89" is fully apparent
from Fig: 11, wherein the trailing:bevel 89” is substantially
parallel to the working face of the runner and therefore
does not cause a pressure build:up at the trailing end. of
the shoe. Similarly, the bevelled portion 89 at the lead:
ing end of: the film will cause an increase in the steepness
of the taper at the beginning of the film. This need be
little more than is needed to remove part-of the concavity
of the film and will therefore not cause any less of pres-
sure.but will cause it to build up faster than it otherwise
would, Hence, because of the bevelled portion 89’, the
center. of pressure will be drawn nearer-the leading end of
the film and the shoe will more positively lie down on.the
léading bevel of its mounting and thus. make. the. re-
versibility. of the bearing more secure. for all speeds.

In Fig: 7 of the drawings, the modified shoe 120 is
substantially similar to, and is interchangeable as to area
of- face: with the shoe 83: However it is particularly:con-
structed: as. a large bearing shoe and each- shoe: 120 is
removable individually from the: mounting ring 121 which
has. vertically extending dowels 122 disposed:in radially
aligned: pairs. The outer dowels are placed.along a line
tangent to the-circle which. lies midway between the inner
and outer edges. of the shee. The mounting ring 121 is

14 ight, non-radial lines: 123 which. extend
P%Pg@(ﬁn ﬁéﬁ@ dially-aligned: dowels. 122, 122k, to form

10

8
two. mounting: ring halves. 121a, 1215 Dowel. 123q- is
monnted on. mounting, rmg «121;a while dowel 122b. is.
mounted: on; mounting ring "121h.  All the dowels. 122;
122a, 1225, are. full, dowels and, each half of the. split,
mountmg, ring 121 is; prefer@bly mounted1 on- 4, deck S,
beretofore. descrlbed of in. any. other convenienf man-
ngr..  Portions, of each ‘shog. 120. Whlch lie mwardly. of

124 wluch are sdhs,tantlally perpendlcular to the mner
sxde. wallr . f the- shoe 120 and faczhtate remova,l of;
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cant which flows outwardly through the channels between
the shoes Thls minimjzes the danver of. agrating the.
. Iubricant, as will further become; apparem

passage at 127 for coolmg water or other coolmg ﬂmd
which is: mt_rqduced through u;llets 128. Not only do,
the passages. 127 provide means; for cooling the mount-
ing ring 121, but they coact with.. the flat bevelled fages;
130, 131, ar;d the flat backs of the bearmg shoes 120: to.
establish. intimate contact with. the bearing. shoes. over a
considerable area. and. thereby. cool the bearing shoes 120
Thaus. the eadmg end of the shoe is maintained at-a low¢r\
temperature. than its, trailing, end It will. be. apprecmted
that; cooling means -of thls character may. readily. be
apghecL with. equal advantage to. the apparatus shown. in
Figs, 1-3, as. well as other figures, of the drawmgs By
coo,lmg the-shoe back when the shoe is. tilted, the, Iubricant.
film, is kept.cold at ‘the place where. such. cooling, is most
needed, its viscosity accordingly increases, (when the lu.brl-
cant is; @il), and. this results in a. thicker ﬁlm which

.........

the load and speed condltxons 1mposed upon 1t More-
oyer, the presence of the thicker film of cooler more vis-
cous oil af. the leading end of the shoe tends.to shift the.
center: of. pressure of. the llubncant film: toward :the lead-.
ing end; of the shoe and ensures ifts being well lahead of;
the center of grav1£y of the shoe face. When the bearmg
is;: rc.versxble this_is. important: since, with revolution, in
eqther direction, the cooling of the leading end. of the:
shoe shifts the center. of pressure toward the leadmg end
and tends to seat the shoe firmly in its.tilted position and
resists.any tendency of-the shoe to, vibrate or futter about,
its;pivot.

Figs, 12-14-show the-application of bearing shoes 140,
which .are. similar to.shoes 80 and 126, to.a thrust beazmg
structure, applied to the end. of a. revolvxng shaft 141.
A hub 142 having a runner 143 is affixed to, the epd of
shaft 141. The shaft 141 pasges through a. deck 144
to. whxch is. bolted a housmg 145, forming a reservoir 146,
for oil or other lubricant. Fixed to, the | pins: 147 extend-
mg upwardly. from. the deck 144 is. an adjustable base
ring. comprehensively deslgnated by the numbex 150
Mpunted on the adjustable base. ring 136 is a.cage. 15 .
in. which. are. mounted a. plurality. of pivoted. dlsq:s 2,
Each gwoted dise 152 has. a. spherical protuberance. 153
on. its bettom face Wl’llGh 15 supported on a vertlcally
ad;ustable bolt 154 threaded into. the adjustable base:ring
150: having a.hexnut. 155 formed at its center. The 123
face of bolt 154 supports the pivoted disc 152 wl;nch has
capacity. to. rock and tilt therecn; appropriate clearance
being provided between each. disc- 152, and. the: surronnd-
ing-cage 151. A~ wrench 56. which. engages each. hex-
nut- 155 may be turned to raise or lower each pivoted
dise; 152 and: may-bg set in any. pesition by set screw: 137.
A bearing shoe-149 is supported en top. of each.pivoted
dise: 152 between. full dowels 169 or splif; dowels 161
which:-are: fixed to. the adjustable: base ring: 150: Each
shog 140 is substantially idedfixdiibpitiie(shée 88: shown

FLS v. Metso
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in Figs: 1-3, but does not necessarily have any counter-
part of the channels 95. o Do :

" It is important to observe that the inner side walls 158
of the respective bearing shoes 140 are flat and at angles
to one another. As shown, they are tangent to a circle

drawn about the center of revolution of the runner 143..

As indicated by the arrows in Fig. 14, lubricant is caused
to flow along ‘the flat inner side wall 158 of one shoe
by reason of the revolution of runmer 143 along a path
tangential. to the circular movement of the runner 143.
In view -of ‘the spacing between the shoes, the Iubricant
leaving one shoe 140 impinges upon the projecting por-
tion of the leading end wall 159 of the adjacent shoe. 140.
The flanges 162 of shoes 140 form radial spaces through
which' lubricant impinging on the wall 159 flows out-
wardly over the tops of dowels 160, ‘161 and thereby
establishes lubricant circulation as indicated by the arrows
in Fig. 12. A splash guard 163 which is affixed to the
cage 151 and surrounds the shoes 140 has perforations
permitting free lubricant circulation, and the adjustable
base ring 150 has radial bores 164 which permit return
of lubricant inwardly to' complete the lubricant circu-
lation cycle. o
Fixed to the splash guard 163; radially outwardly of
the spaces between the adjacent shoes, are buffer plates
178 which are disposed against the outer edges of the
adjacent’'shoes. Each buffer. plate 178 extends up to a
level slightly below the working faces of -the adjacent
shoes 140 and is disposed in the path of flow of the out-
wardly " directed lubricant. Buffer plates 178 serve to
restrict the rate of flow of lubricant outwardly and thus
prevent undue reduction-of oil level at the inner edges
of the shoes. - This is important since the lubricant tends

to become aerated between the working faces if its supply

level:falls too low, and this aeration results in excessive
wear and possible breakdown. ~ . s i
While similar lubricant circulation 'is attained in the
device shown in Figs. 1-3 by the flat inner side walls 82,
the channels 95 are included in the shoes of Figs, 1-3 for
returning the circulating lubricant inwardly of the shoe,
no means being provided in the relatively thin mounting
ring 51 for this purpose. However the mounting ring 51

may, if desired, be bored or otherwise fitted with suit-.

able return passages, and/or channels may be provided
in the deck. L

‘Figs. 4 and 5 of the drawings show a bearing shoe 170
similar to those previously described. - The shoe 170 is
readily combined with a modified form of mounting
- means which includes a deck 171, dowels 172, a ring
173 with circular apertures each receiving a pivot disc
174, a cage 175 and a bearing shoe support member 176

on which the shoe 170 is supported. A runner 177 is

immediately adjacent to the shoe 170 and, as illustrated,
moves in the direction indicated by the -arrow. (4) in
Fig. 4. The support member 176 has a conical bottom
face 180 (which may be spherical, if desired) forming
a central pivot point 181 which bears upon the pivot disc
174. An upstanding peripheral ring face 182 which con-
tacts the flat back of the shoe 170 which has freedom
to tilt resulting from the fact that the shoe back can slip
on the support member 176. As will be apparent par-
ticularly from Fig. 5, corner portions 183 may be cut

away from the flanges 184 along the dot-dash lines there-

by providing means whereby more or fewer than eight
such shoes may be arranged in circular form without de-
creasing the area of the face of shoe 170. -

Still another modified shoe 190 appears. in Fig. 6.
The shoe 190 has flat inner and outer faces 191, 192 and
is of generally rectangular form. It may.be arranged with
similar shoes in arcuate form, particularly if cutaways
like 183 are provided, or it may preferably be arranged
in straight-line formation with intervening dowels as here-
-tofore described. .

- Figs. 30-32 show arrangements of bearing shdes in

" straight-line formation for use with straight-line .recipro-

cating motior fgreexampif. 2 B Fig. 30 trapezoidal bear-
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ing shoes- 190 are manufactured from rough-machined
bar stock 191 by milling a plurality of staggered channels
192 across the bar, boring equally-spaced’ dowel holes 193
which are disposed along the central longitudinal ‘axis
of ‘the bar, and saw cutting the shoes apart -along' the:
lines 194. The bearing faces can be babbitted aftér mill:*
ing while the shoes are in bar form.” For producing a
shoe of varied application, each mill cut 192 is at an’
angle -of about 38% degrees to each adjacent mili- cut
192, ‘while the corresponding angles - between adjacent -
saw cuts 194 are about 45 degrees.  The ‘shoes are then
preferably babbitted and faced and: the babbit faces are:
scraped in the ‘usual manner to make them flat. ' The’
backs of the shoes of the set are ground to a uniform and
smooth finish and' thickness. *Figs:31-and 32 show shoes"
200 which are similar to-trapezoidal shoes 190 but have’
their longer side’walls 201 of -arcuate form' and their’
shorter side walls 202 straight’and flat. - Theé ‘shoes are
mounted on a support plate 203 ‘which has bevelled upper
faces forming spaced-apart transverse knife edges 204 on
which the shoes 200 are céntrally supported with capacity -
to tilt longitudinally in line with the path of Teciproca-
tion of a runner 206." The shoe faces aré double bevelled
at 209, 209 parallel with the knife édges 204 to prevent
the outer corners of the shoe faces contacting the element
206. Upstanding from the sides of the support plate 203-
are inner side walls 207 and outer side walls 210 form-
ing a lubricant reservoir 211 and lubricant refirn con-
duits 212, 212. Fixed to the ‘inner faces of inner side
walls' 207 are dam elements- 213, dne to each shoe 200,
disposed alternately on opposite inner side walls’ 207
closely adjacent to each shoe side wall 201. It will be
appreciated that, when the runner 206 moves toward the’
left in Fig. 31, the lubricant is drawn to the left through
the channels between the shoes 200 and controlled by the
dam elements 213, and recirculates ‘toward the right in
the return conduits 212, 212 which communicate with
the lubricant reservoir ‘at each end:-of the support plate
203. Reciprocation of runner 206 inr the: opposite’ direc- -
tion circulates the lubricant in the opposite direction, as’
indicated by the arrows (b): - -

The versatility of bearing shoes made according to this
.invention and their “application to different mounts will
appear particularly from Figs. 15-29. Fig. 15 shows-
bearing shoes 220 mounted on a mounting element 221
directly opposite the end of a revolving shaft 222 which
serve to absorb thrust at the end'of the shaft.- Fig. 16
shows a hub end 223 and ‘Fig. 17 shows a thin facing
thrust collar 224 each of which béars'upon a set of shoes
220. In Fig. 18 two sets of thrust shoes 220, mounted
“on two séts of stationary ‘mounting elements 221, bear
agdinst opposite faces- of a thrust collar 225 formed:
integrally with a shaft 226. The thrust collar 227 in Fig.
19 is similar to the collar 225 and similarly arranged with -
respect to the shoes but is removable from a pair of sep-
“arate threaded’ shaft portions 229, 230. - R

The shoes 220 may be mounted on a thin back plate
231 as in Fig. 20 or on a back plate 232 (Fig. 21) which
is’mounted on a deck (not shown) and has a bevelled bot-'
tom face 233 forming a central knif¢ edge 234 of ring
formation. "The back plate 232 is thin encugh'to warp
or twist about the knife edge 234 as-a pivot in response -
to the thrust, and is accordingly a radially self-aligning
support for the bearing shoes. In Fig. 22 another self-*
aligning base is shown wherein the lower face 235 of
*mounting ring 236 is bevelled and bears upon 4 similarly
bevelled upper face 237 of a supporting ring 240,

As shown in Figs. 23 and 24, the same shoes 220 may
be mounted upon pivoted discs 250 retained in cages 251.
The pivoted discs 250 may be supported on support discs
' 252 which are held in a cover plate 253 as shown in
Fig. 24. The pivoted discs 250 may be supported on’.
stationary pins 254 fixed in a plain base ring 255 as shown .
in Fig. 25, or similar pins 254 may.be :mounted in’.a

. bevelled ring 256 whi ies an aligned: bevelldd):
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ring;:257: as; shown. in. Fig. 26. Muoreaver:such: piveted:
dises 250, may;: be: supportpsl on a-donble -equalizing.base:
2601 as:shown. in. Fig; 27 which.may-have lowsr discs:289;

similar-ta;those-in the;equalizing structure, shown: inomy.

issued. Patent. No.. 2,299,237, granted: Octaber-20, 1942..
However- preferably.all; but- one: of: the-piveted discs 259
of Eig,, 27 have: upper- spherical. protuberances; 261 ag
shown in Fig. 28, therehy: proyiding; a; much, improved:
equalizing. effect, while:one of the. discs' 259 has;a pror.
tuberance 261 having: a-cylindrical: face; as-indipated sin:
Fig;:29;. . The:cylindrical face-stabilizes;tha equalizer sys-
tem: whlle the . spherical - faces. facilitate: four-point: sup-
portrbetween: the upper and; lower-equalizerelements,,

- Ttowill be- apprecnated that, the flat back: shoes, illustrated:
in. the drawings; are; well adapted- for: use: with: a: wide:
variety.of mounting means.other than the-mounting means:
shown in the:drawings,.and-this versatility.is particularly,
advantageous, Moreover. one speciﬁc shoe; as: illustrated
in.Fig; 5. for: example, can.be used. in. mountings of. vari-
ous diameters. rangmg from-very-small;to.very. large, with: -
out apy.-change. in. the. shoe; whatsoever:

While. the. shoes.shown and described- herein. have. flat-
backs, and. the- mounting.means.are provided: with, means;
for. tilting, the. bearing shoes. at an; angle- to- thepath: of
relative. movement;. the shae- backs:- may: of course: be:
bevelled: or; provided - with, ridges- or knife: edzes or
otherwise provided: with tilting: meaps, whergby some of
the- advantages of. the invention- may, be realized; while.
using plain flat. faced. mounting- means. However. shoes:
having; flat,. non-bevelled: backs- are; particularly- adyan-.
tageous; because they - can, be.mass produced: and. used.

in.combination with. a wide variety of different mounting:

means:,

It w:ll also.be appreciated that:the:radial grooves be-
tween. the  shoes.-may. be:of- any: desired cross: sectional:
shape;- with; the: dowels. made- to: conform-to that: shape:
Moreover; while: specific means including. a rim:-key-has.
been:shown as one preferred: means, for: securing:the: sec-.
tions; of-a split-mounting ring to a deck; the.deck: may-off
course-be recessed- to receive:-and: retain; the: mounting:

ring sections or various other: mgans may; be-employed;

with advantage: for: this, purpose.. Moreover, while:the
combination, of cotter. pins-and lip: dowels represants: one:
method of securing:the ‘shoes to:the: mounting: ring, this:
can:be: done- in-other-ways including-cotter-keys.or eccenr

tric. dowels; for: example.. Moreover-in some-.cases:the;
shoes;need not-be. affixed; to thie mounting:ring, but may-

simply- rest; upon the mounting. ring. while. spaced bes
tween, dowels and, thereby, secured; against rotation. on. the:
mounting ring:

While: I have shown and : described: bearings which-,

utilize, exght shpes; -it ‘will: be- understood that agy - num-
of -shoes; from. one; to.twenty or more. may;:be- utilized’
invcircular. or other:arrangements. Moreover the: shoezsS
need not-be; lmmedlately adjacent: to one; anothey,; singe-
alternate shoes shown in-Fig: 1, for. example; conldrbe.re:.
moved without rendering, the. bearing-inoperative. .
From; the foregoing .it, will; be realized: that.pivoted:
shogs 1in: accordance. with this invention.may,-be-mounted:
so.as to support. the straight line -reciprocating:motion:
of the table of-a planer, for example. They may: also-

be- mounted: so. as tq. support thes circular motion: of: a

bonngimﬂl table; for example. They may be; mpunted.
so.as to,carry the, circular motion- of;ax cylindrigal: jour-.
nal as:.in. a.-steam- turbine. They. may: be formed: with:

spherical. faces. for. carrying. mated. rotating.. spherical:.
They may, also,be.made:with, conical faces for:

members:

supporting . rotating, conical. ‘members. - Ohviously. they

may..be made. with, toric- faces for .supporting, rotatmg._

toric rings. Shoes.having, cylindrical.faces can.be mount-.

ed. so as, to permit the rotation of the journal and its;.

axial reciprocatign “as well.” Spherical shoes’ having.
spherical” members can be ‘mounted- for., supporting not”
only- the ‘rotation -of “a spherical ‘member but- also any-
gfhekﬁtmﬁ&ﬂabout ‘the center-of the'sphere, as in-the”
wobbling-motion-of ‘a crusher- shaft; for-example:- -
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Although: the. thrust: bearings; shown and: descritied:
herein usually operate in a bath of:ail;. thgy:qambp;run
upon; films ofi-any..other; lubricant: applied.in; any-sujtable
manner; as; by -jet or-spray: fon-example, that-will; main--
tain; complete: films - which- respond. to, the Known: Iaws,
of: hiydradynamic- lubrication..

In;a_hearing; of the non-reversible: type; as mdxszated m*
Fig. 8, the bevelled edge need not-necessarily lie;as shown;:
passing thraugh the: center- of gravity- of the shoe:; It

. can be-moved toward:the-trailing-end; of: the;shoe;.thereby.

spacma the:center-of gravity: Qf the-shoe toward the-lpads:
ing:end- of the shoe: and- assuring positive: seating-in tilted:
position, even. at- relafively: low: sposds or: ah extremely-
high,speeds-using; light lubricant. Ii:gives added:stahility:

. to:the: lubricant film: camymg the: load: when; the: runner-

is revalving,. and this. is -ap. important-feature of: thexine
vention.

However; for 1everse bevels.as shown:in Figs: 1—3 a,nd
10, 11, the: common intersection of:the:knife;edges must:

- be-substantially at the: position: corresponding: ta:theicen-

ter- of- gravity of the shoe: Thus; the. support; for the:
shoe ‘would:'ordinarily:have: a.blunt- pyramidal;type: peak:
upon which the shoe is to pivot, unless the-center of’
pressure: of -the-lubricant film. lies: within: the: areaj ofthe
bevelled.face which:extends: towar&thedeadmg edge from
the: knife-edge -about which, the: shoe is: to tilt. ;

Notwithstanding the foregoing difficulties:. ‘the: shoe:
isccansed to:lie; down firmly- by reason. of the: bevelled:
shoe: face: ends: which: appear: more: particularly: in Figs..
1-3 and: 10, 11. Thus:1:am able.tn:utilize: the:-lubricant:
drag as it contacts the: leading end of the:.shoe-to cause;
the:shoe:to lie:down firmly -against-tlie:supporting bevelled-
surface: whether- the -bearing, is: unidirectional: ors is; ré«:
versible: ‘This firm:lie-down tends to prevent -vibration:
upon: the pivot: which: might - occur: at- very- high: speed;
with a very light lubricant if:the: shoe is: supporteds on:a:
very sensitive point pivot: .

It will: be:appreciated: that the: mountmg rings-and:shoe.
cages.may: be split: through: the: line. corresponding: to- the:
radial center: line ofithe :shoé-instead: of (or also) through:
the: centers; of:opposite -dowels, for example;. or ini-other
ways.found: to be expedient.. The halves can, if desired;
be.:bolted; together- tangentially. in: either eventt

For- ready interchangeability,” with: single; dowels be-
tween adjacent shoes, the dowels are preferably:at.the:

" ends of:a: tangent: to the:mean: diameter:of ‘the shoe-face,

whetlier -on not: the shoe-has:a circular or-flatrinner; face:
Theidistance -between: dowels: is. preferably. the: same: for:
all: faces, having: the same radialiwidth. Hence a given:
shoe facercan:be-placediat nearly. any-distance:from. &
shaft -center. Qare:need: be: taken toihave the opposing
runnen face:cover the-shoe.face: The-shoe:face can be:
of+any:shape from: circular-to 'square, or elliptical: to.rec:.
tangular, or-trapezoidal, etc. The shoe face:can:be-cen+
teredias to:the:dowels, or theleading portion-of the-face:
of-the:shoe-may. be longer- or shorter-thani the trailing:
portion of; the face of the shoe. Hence the: distances: be-
tweendowels: are-an important:element: of standardization:
to:which my bearings: and ‘'shoes are. partxcnlarly well
adapted.

In; accordance with: this-invention- 1t is posstble to placc
on-dowels: of ‘known. spacing: and diameter:-any desireds
shoe:face; wheher-or ‘not:the shoe face beyondrthe con-
necting tangent: is large:or:small-or radially farther from:
or- closer to the- outer edge th?n the mnen cdsze of the-
shoe.

‘While Fhave: descnbed my:: mvcntton w1th reference 10
several: specific: embodiments-thereofy it willtbe apparent
to:those: skilled: in- the: art that. various changes - othec-
than- those reférred:to.-above-may be- made ‘in: the forn
of:the: bearing 'structures; that: equivalent’ clements may:
be-substitutedfor- those specifically illustrated:in-the:draws
ings, and that certain features of the invention: ‘may-at-
times-be: used:'to- advantage: independently of-the use ‘of
other- féatures; alls within: t ofx the* m-
vention-as-defified in-the apg;nc}:ﬁfycl\ltzimsﬁil--1
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Having thus described my invention, I claim:

1. A bearing comprising a base and an adjacent run-
ner element movable relative io said base, a shoe mounted
on said base, and tilting means arranged between said
base and shoe at an oblique angle to the path of relative
movement of said base and runner for tilting said shoe
diagonally to the path of said relative movement.

2. A bearing comprising a base and a runner element
movable in a curved path relative to one another, a shoe
having a bearing face and a back adjacent to said base
substantially parallel to said face, the portion of said base
which lies adjacent to the shoe back having 2 plurality of
faces which lie at angles to one another with a knife edge
therebetween, said shoe having capacity to tilt about said
knife edge in response to said relative movement of said
base and runner element, said knife edge being disposed
at an angle to the path of said relative movement and at
an angle to a line perpendicular to said path, said shoe
back and base having mating surfaces adapted for face
to face contact when the shoe is in its tilted position, and
cooling means connected to said base for cooling said
base directly, thereby cooling said shoe through the face
contact of said mating surfaces while there is relative
movement between the base and runner element.

3. A bearing comprising a base and a runner element
movable in a curved path relative to one another, a shoe
having a bearing face and a back adjacent to said base
substantially parallel to said face, the portion of said
base which lies adjacent to the shoe back having a plu-
rality of faces which lie at angles to one another with a
knife edge therebetween, said shoe having capacity to tilt
about said knife edge in response to said relative move-
ment of said base and runner element, said knife edge
being disposed at an angle to the path of said relative

movement and at an angle to a line perpendicular to said °

path, and said base and runner element having capacity
for relative movement forward and in reverse, and
wherein at least another face and another knife edge are
formed on said base, whereby said shoe tilis over one
knife edge for forward relative movement and tilts over
another knife edge for reverse relative movement.

4. A bearing comprising a base and a runner element
movable in a curved path relative to one another, a shoe
having a bearing face and a back adjacent to said base
substantially parallel to said face, the portion of said base
which lies adjacent to the shoe back having a plurality of
faces which lie at angles to one another with a knife edge
therebetween, said shoe having capacity to tilt about said
knife edge in response to said relative movement of said
base and runner element, said knife edge being disposed
at an angle to the path of said relative movement and at
an angle to a line perpendicular to said path, a pair of
spaced dowel elements carried by said base, said shoe
being retained between said dowel elements, and portions
of the shoe adjacent to the dowel elements being cut away
to provide clearance between the shoes and the dowel
elements,

5. A rectangular shoe for a bearing comprising a body
piece of rigid material having a flat bearing face, a flat
back parallel to said bearing face, parallel flat end walls,
a flat inner side wall, a flat outer side wall which is
parallel to said flat inner side wall, both said side walls
being perpendicular to said end walls, and wings extend-
ing endwise from said end walls, said wings having at
their ends semi-cylindrical bores which extend partially
into said body piece.

6. A shoe for a bearing comprising a body portion
having substantially parallel face and back surfaces, side
and end walls, one of said side walls having the form of
an arc of a circle and the side walls being arranged as
radii of said circle, and flanges extending endwise from
said body portion end walls, each flange having a mount-
ing bore intermediate its sides, each flange being cut
away such that its end faces are tapered inwardly relative
to said radii Pevgedldhabfadfcent body portion side wall.
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7. A bearing comprising a base and a rinner element
movable in a curved path relative to one another, a shoe
having a bearing face and a back adjacent to said base
substantially parallel to said face, the portion of said
base which lies adjacent to the shoe back having a plu-
rality of faces which lie at angles to one another with a
knife edge therebetween, said shoe having capacity to tilt
about said knife edge in response to said relative move-
ment of said base and runner element, and said knife edge
being disposed diagonally across at least a part of the
path of said relative movement.

8. A bearing comprising a base and a runner element
movable in a curved path relative to one another, a
support, a shoe tiltably carried on said support, said shoe
having a bearing face with bevelled portions at its leading
and trailing ends, means for furnishing lubricant between
said bearing face and said runner, and means for restrict-
ing the tilting movement of said shoe to a fixed predeter-
mined angle with respect to the plane and path of said
relative movement, whereby the lubricant film between
said bearing face and runner includes a sharply inclined
wedge portion, an intermediate wedge portion, and a
third portion of less thickness than said sharply inclined
wedge portion.

9. A thrust bearing comprising a circular mounting
ring, a flat back shoe supported on said mounting ring,
said shoe having a flat face portion parallel to said flat
back, a runner adapted to revolve in a circular path adja-
cent to said flat face portion with a lubricant film there-
between, and tilting means including a knife edge dis-
posed parallel to the working face of said runner and at
an angle to the radius of said mounting ring whereby the
outer side of the shoe tilts downwardly in response to the
rotation of the runner and the lubricant film formed be-
tween said runner and said flat face portion is thicker at
the outer edge of the shoe than at its inner edge.

10. A shoe for a bearing comprising a body portion
having a flat bearing face, a flat back, end walls disposed
between said face and back in planes at angles. to one
another, an arcuate outer side wall, a substantially flat
inner side wall, and wings extending from said end walls.

11. The shoe defined in claim 10, wherein the flat
face is substantially trapezoidal in form. )

12. The shoe defined in claim 10, wherein the flat
face is beveled adjacent both of said end walls.

13. A shoe for a bearing comprising a piece of rigid
material having flat substantially parallel face and back
surfaces, end walls between said surfaces, an inner side
wall, a curved outer side wall, and a groove formed
in said back surface extending from said inner side
wall to said outer side wall.

14. A bearing including a mounting member with
spaced post elements fixed thereon, a shoe comprising
a body portion having a flat face, a flat back, inner and
outer side walls, end walls, and wings formed on the
end walls extending endwise therefrom, said wings and
said body portion having opposed bores constructed and
arranged to receive the posts of said mounting member,
said bores extending only partially into said body mem-
ber but completely through said wings.

15. The bearing defined in claim 14 wherein portions
of said wings located inwardly of said bores are cut
away to provide radial clearance for removing said shoe
radially outwardly from said posts.

16. In a thrust bearing, a deck, an individual mount-
ing plate having a circular bore therein, means for re-
taining said mounting plate against rotation on said deck,
a disc in said circular bore, said disc having a flat face
portion substantially parallel to said mounting plate and
also having a bevelled face portion intersecting said flat
face portion to form a straight edge, and means for
adjustably securing said disc against rotation relative to
said mounting plate and thereby regulating the position
of said straight edge. . o

17. In a bearing, relatively. movable melﬁ?él%lbltle]agl6
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one of which has a straight-line reciprocating path, a
mounting plate, a plurality of dowel members equally
spaced along said mounting plate, wall means extending
upwardly forming a reservoir for lubricant above said
mounting plate, a plurality of spaced-apart bearing shoes
supported in alignment on said mounting plate between
spaced dowel members, said shoes having end wings
forming staggered angularly disposed channels there-
between, and dam means in said reservoir blocking the
flow of lubricant in said reserveoir and causing it to
circulate through said staggered channels in response to
the movement of said relatively movable members.

18. In a bearing for an element movable in a straight
line path, a mounting element, spaced post means ex-
tending upwardly from said mounting element, trans-
verse ridges on the upper face of said mounting element
spaced between said post means, and a plurality of
bearing shoes having bearing faces adjacent to the path
of said movable element, each bearing shoe being sup-
ported on ome of said ridges intermediate said post
means with capacity to tilt about its supporting ridge
in response to the movement of said movable element.

19. A thrust bearing comprising a revolving runner,
a deck, a plurality of dowels arranged in a closed path
around said deck, bearing shees supported on said deck
between said dowels, said bearing shoes having bearing
faces immediately adjacent to one face of said revolving
runner with lubricant therebetween, and said shoes having
substantially tangential inner walls spaced apart from

one another and outwardly directed channels between 3

said shoes, whereby the lubricant set into motion by
the revolving runner is directed along said substantially
tangential inner walls and impinges upon the wall of
the adjacent channel and flows outwardly through said
channel.

20. The thrust bearing defined in claim 19, wherein
a lubricant return groove is formed in the back of each
shoe in position for receiving the outwardly directed
lubricant from said chanpels and permitting it to return
to the inner side of said shoe.

21. A bearing comprising a deck, a plurality of ring
portions, means for assembling said ring portions to-
gether in the form of a complete ring on said deck,
split dowels at the confronting ends of said ring portions,
whole dowels arranged at spaced points on said ring
portions, a plurality of shoes, and means for retaining
said shoes between said split and whole dowels.

22. The bearing defined in claim 21 wherein the re-
taining means includes permanent retaining means
adapted to overlap said shoes fixed on alternate dowels,
and removable fastening means engageable upon the
intervening dowels. i

23. A bearing comprising a base and a runner element
movable in a curved path relative to one another, a
plurality of spaced-apart shoes disposed between said
base and said runner element, fluid lubricant between
said shoes and runner, at least one of said shoes having
a substantially flat inner face disposed in the genmeral
direction of said curved path whereby the lubricant is
caused to circulate along said fiat face and to flow against
the side of the adjacent shoe and outwardly between
the shoes in response to said relative movement, and
restraining means disposed in the path of outward flow
of said lubricant limiting the rate of said flow.

24, A bearing comprising a base and an adjacent
runper movable relative to said base, a shoe having a
bearing face adjacent.to said runner, said shoe having a
leading end and a trailing end, tilting means for tilting
said shoe relative to said base with the leading end
moving generally away from said runner and the trailing
end moving generally toward said runner, said tilting
means including angle control means for tilting said

Pagﬁll‘% C?ﬁ'oz@ﬁq“e angle to the plane and path of said
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leading end of the shoe to maintain it at’a lower tem-
perature than the frailing end.

25. A unidirectional thrust bearing comprising a run-
ner moving in a single direction, a mounting piece, a
shoe on said mounting piece with its face adjacent said
runner, said shee having a leading end and a trailing
end, said leading end being the end first passed by a given
point on said moving runner and said trailing end being
the end last passed by said given point, a tilting edge
formed between said mounting piece and said shoe, said
tilting edge being substantially straight and extending at
an oblique angle to a straight line extending between
the centers of said leading and trailing ends, and said
tilting edge being nearer the trailing end than the lead-
ing end of said shoe.

26. A bearing comprising a base, an adjacent runner
element movable relative to said base, a shoe between
said base and runner element, means forming a tilting
edge on said base, said edge being diagonally arranged
for tilting said shoe at an oblique angle to the path of
said relative movement, and damper means on said base,
said damper means extending toward said shoe and be-
ing effective upon the shoe to prevent said shoe from
vibrating along the axis of tilt.

27. A reversible bearing comprising a base, a runner
element movable reversibly relative to said base, a
mounting element, means for supporting said mount-
ing element on said base, a shoe having its back on said
mounting element and its face adjacent to said runner
element, said mounting element having bevelled top and
bottom faces forming linear tilting edges thereon, and
means for maintaining said edges in a fixed angular re-
lation to said base, whereby the shoe tilts about one
bevel in respomse to relative rotation in one direction
and the shoe and mounting element tilt as a unit about
the other bevel in response to relative rotation in the
other direction.

28. In a reversible bearing, a base, a runner movable
relative to said base along a predetermined path, a disc
with its bottom face supported on said base, and a
shoe supported on the top face of said disc with its face
immediately adjacent said runner, said disc having bev-
elled top and bottom faces forming substantially linear
tilting edges, said tilting edges extending at opposite,
oblique angles to the path of relative movement of said
runner and said base.

29. A bearing comprising a relatively movable shoe
and runner, means constraining said relative movement
to a predetermined path, and supporting means for the
shoe, said supporting means having a tilting edge con-
tacting said shoe and disposed at an oblique angle across
said path.

30. A bearing comprising a relatively movable base
and runner, a shoe intermediate said base and runner,
and a shoe support intermediate said shee and base, said
support and base having relatively inclined adjacent faces
forming a substantially linear tilting edge extending di-
agonally relative to the path of relative movement of
said base and runner, and said support and shoe having
relatively inclined adjacent faces forming another sub-
stantially linear tilting edge extending diagonally rela-
tive to said path.

31. A bearing comprising a relatively movable base
and runner, means consiraining said relative movement
to a curved path, a shoe located intermediate said base
and runner, and supporting means between the shoe
and base forming a tilting edge disposed at an oblique
angle to the path of relative movement of said base and
runner.

32. A bearing comprising a support having a plural-
ity of beveled swifaces arranged in a closed, arcuate path
thereon, said beveled surfaces coacting with the sup--
port forming substantially linear tilting edges which ex-
tend diagonally across said gasthdwit d Olhéatity of shoes
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supported on said support above and in contact with
said tilting edges.

33. The bearing defined in claim 32, wherein two
of said beveled surfaces intersect with one another under
a common shoe, thereby forming two of said tilting edges
which are arranged at angles to one another under said
shoe.

34. A bearing comprising a support having a flat up-
per surface intersected by a beveled surface forming a
linear tilting edge, and a bearing shoe having a bearing
face, a substantially flat back and sides and ends, said
back including a flat surface portion contacting the flat
upper surface of said support, a portion of said back ex-
tending in spaced relation above said beveled surface,
said beveled surface extending diagonally relative to
said sides and ends, whereby said shoe has capacity to
tilt along said linear tilting edge at an obligue angle to
its sides and ends.

35. A bearing comprising a mounting ring, spaced
dowels upstanding from said mounting ring dividing said
mounting ring into a plurality of sections, said dowels
being arranged in a substantially circular path, each said
section having a flat surface and having a beveled surface
intersecting said flat surface forming a substantially linear
tilting edge extending at an oblique angle to said circular
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path, and shoes on said mounting ring loosely connected
to said dowels.
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