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S, S, "AMERICA.” Kingsbury Thrust Bearings
on propeller shafts (abafr the drive), and in myain
propulsion turbine.

Newport News Shiphuilding & Dry Dock Ca  builders

One c{ru}gellur thrust braring of §.8.
"AMERICA'™: six-shoe type, size 45 in.

Centrifugal gaa compressor. Kingsbury Thrust Besring
built into righr-hand end.

Courtesy e Laval Steam Lurbine Co

Marinetvpesicam engine, with King.
bury Thrust Bearing, 2-shoe type, and
ocutside cooler for dredge pump service.

Courgesy Shinner Engine Co.
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FOREWORD

‘I'his booklet outlines the principles and construction of
Kingsbury Bearings, and indicates their chief present ficlds of
use. ltis a “guide” for two main groups of readers: (1)
those who seek general information about the bearings and
their uses, and (2) those who arc familiar with the bearings
in some particular field, but wish a broader view of the prod-
uct and of its remarkable adaptability to many kinds of
machinery. With designers reaching after ever higher stand-
ards of load, speed and endurance, the unique capabilities of
Kingsbury Thrust Bearings are of grewing interest.

Following a brief statement of the Kingsbury principle
of wedge-shaped oil films, and a suggestion of its scope in
machinery design, the main features of the bearings, en-
countered in all applications, are described. These include the
distinction between “‘adjustable’” and “‘equalizing’ types,
which covers both horizontal and vertical (shaft) applications
and 1s fundamental to an understanding of them.

In subsequent pages, the various hearing forms are greuped,
first by the number of shoes, then by the intended use. Since
the machine designer is interested primarily in his own product,
the classification is functional as far as possible.

T'o assist those with past Kingsbury experience, 2 “ finding
list”" 1s included, pages 14 to [7. It includes all the principal
styles of two-, three- and six-shoe bearings, with identifying
symbols, and indicates the main features of censtruction by
diagrams and explanatory notes.

For fuller information on specific uses (marine, pump,
hydloelectrlc etc.), and for data on dimensions and capacities,
the readcr 1s referred to separate matcrial, which will be sent
on request,

U.S.S “MISSOURL" Displacement 45,000 tons. Fach of the five battleships of this class is cqulpﬁcd with thirty-six Kingsbury Thrust Beurings.

Four of these, of size 49 inches, are on the propeller shafts,

Othcial U, 8. Navy photo




Early Kingsbury Mileposts

Holtwood Station of the Pennsylvania
Witer & DPower Compuny. Kingbury
Thrust Bearings are 48 and S6 inches
diameter. They are of the adjustible (not
cqualizing) type. Once of them is shown in
the inset, with onc shoe removed and
one-hal€ of split runner turned up on
cdge. Installed 1912 0 1924,

Four.stack destroyer, one of 260 built
tn Werld War [for U. S. Navv. Kings- = =
bury Thrust Bearings were used in
the turbines, also in the reduction
gears to rake the propeller thrust.

Vertical 49-inch Kingsbury Thrust Bear.
ing, adjustable tvpe. One of three built in
1919 for the 32,000 kva. units of the
Niagra Falls Power Co., Cliff Extension,
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The Growth of an Idea

The i1dca that heavy running thrust loads
could be “floated” on Alms of oil grew out of
physical cxperiments made, in England and
this country, in the 1880’s. In this country
the expertmenter was Albert Kingsbury, then
a student at Cornell University, later a
professor at Worcester Polytechnic Institute.
He knew that, to renew itself automatically
under load, an o1l Alm must be tapered, whether
for a journal bearing or for flat surfaces. From
his study and experiments, he conceived the
idca of dividing the stationary
bearing surfacc into pivoted seg-
ments, mcrely immersed in oil.
He reasoned that, if the seg-
ments were free to tlt, the oil
adhering to the moving collar
would be continuously drawn in
at the entering edges, and would
build up hAlms of substantial
carrying capacity. With the oll
films thus constantly renewed,
there would be no metal-to-metal
contact, no friction except that
of the oil itself, and ne wear.

Kingsbury tricd his idea and
found that it worked. When sure
that he had mastered the prin-
ciple, he boldly proposed te furnish thrust bear-
ings fer the most difhcult of all applications at
that time —namecly, vertcal hydroelectric gen-
crators, with running loads of hundred of tons.
Till then, no form of thrust bearing had proved
adequate for thosec monsters, and further
incrcase 1n gencrator size secmed impossible.
But Kingsbury’s first hydro installation —in
the Holtwood Station of the Pennsylvania
Water and Power Co., on the Susquehanna
River —was a complete success. It carried a
running load of 405,000 Ibs. on a 48-in. thrust
collar, replacing a roller bearing.

That was in 1912, Other installations
quickly follewed, among them the famous
Niagara power plants. And generator sizes,
released from their former limitations, grew
steadily till recent Kingsbury Bearings at the
TVA plants carry over two million pounds
running load.

ing.

Albere Kingabury, (862.1943, In-
ventor of the Kinygsbury Thrust Bear-
Founder and late Presideat of
Kingsbury Muchine Works, Inc.

Soon after the Kingsbury principle had
been proved in hydroelectric generators, the
First World War broke out. The United States
Navy adopted Kingsbury Bearings for all its
major ships then building, down to and includ-
ing the four-stack deswovers, which then, and
twenty-hve years  later, did such effective
service against submarine attacks.

After that war Kingsbury Thrusts were
rapidly adopted, both for passenger and cargo
ships and for applications ashore
in centrifugal pumps, dredge
pumps, stecam turbines and many
misccllaneous services.

In World War II, Kingsburys
carried the propeller thrusts on
virtually all the Navy’s combat
ships and most of the auxiliaries
down to harbor tugs.  They
were used extensively for the
main thrusts of the new merchant
marine which had to be built
up under pressure, and tn many
other shipboard applications such
as main and auxiliary turbines,
boiler feed and condenser pumps,

etc. They were used also in
small high-speed turbines of hghting scts
running at 10,000 r.p.m. In apphcations

te high-speed turbo-compressers, cspecially in
airplanes, even that speed has been largely
exceeded.

An important contribution of Kingsbury
Thrust Bearings to machine design  has
been in releasing the designer from former
limitations as to speed and load.  Kings-
bury Thrust Bearings are supplemented by
journal bearings which likewise carry un-
usual loads. Both the thrust and journal
bearings are self-aligning when needed, and
are otherwise designed to carry exceptional
loads per square mch. This permits the
designer to usc heavily-burdened alloy steel
shafts with relatively small bearing areas,
and yct to enjoy complete dependability eof
performance.




The Kingsbury Principle

A rotating collar and stationary piveted
segments or “shees’’ are the vital elements of
the Kingsbury Thrust Bearing. As they run
in a bath ef oil, net under pressure, the oil
clings tenactously to the collar surface, and 1s
drawn between the collar and shoes, forming
separating films eof remarkable load-carrying
capacity. This is possible only because the
shees are pivoted and free te tilt micrescepic-
ally, thus permitting the fermation of wedge-
shaped films, with the thick end on the enter-
ing side. (A running journal naturally takes
a position which allows a tapered flm to
form. The diagrams below show how the same
result 1s rcached with pivated shoes in Kings-
bury Thrust Beanngs.) The oil films are con-
tinuously rencwed, due mercly to the rotation
of the oil-flooded collar; and the working
surfaces never touch each other as long as the
shaft turns. Consequently the loads carried
may be far in excess of those possible with any

bearing that lacks the pivoted segment feature;
and the friction 1s far less.

Since the loads are so concentrated and
speeds are often high, the o1l becomes heated
by its ewn “shcaring” friction. To remeve
the heat, the oil 1s coeled either by radiation
or by an o1l cooler, which may be in the hous-
ing or outstde, It is circulated, cither by auto-
matic devices within the housing or by an out-
side pump. Kingsbury Bearings might indeed be
described as being built around circulating o1l
films, on which the load i1s “floated” by the
motion of the collar and the viscosity of the oll.

The loads carried per square inch of shoe
area depend on shoe size, ol viscosity and
speed. The higher the speed, the greater the
load capacity. No definite limits to speed or
load have yet been found. We have never
known a Kingsbury-built Thrust to wear out
in normal service.

O ~SATURATED.
WASTE

WL ATLM

Figure 1
The wedge Glm in journal bearings.

These diagrams show (much exaggerated) what hap-
pens when a loaded surface, bathed 1n oil, is set in
motion on a smooth supporting surface. A loaded
tournal takes 2 slightly eccentric position, allowing the
entering o1l to form a wedge. A loaded plate ciles
slightly. A loaded phate (Wke @ thrust collar), bearing
against supporting shoes free ro ult, draws wedge-
shaped films of oil between jtself and the shoes.

WG T WHIGNT
OADED M.ATE LOADED MLATE
e LEVEL
» >~

C
TASLE rAOLL OHL FILaT

Figure 2
Action of loaded, moving plate in an oil bath,

srvar

Aivor VT

Figure 3
Action of pivoted shoes, supporting 2 loaded, moving
plate in an oil bath,

ROTRATING ELENENT

STAT/ONIRY
ELENMENTS

O/l Fran?

Figure 4
Rotating thrust coillar, supported by pivoted shocs,
(Ol bath is assumed.)
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Advantages of Kingsbury Bearings

.—No wear and indef-
nitely long life, be-
cause wedge-shaped o1l
films keep bearing sur-
faces apart. Original
scraper marks remain
visible after years of
service.

(1) Durabiliry

. —Oil Alms carry tremen-
dous pressures. Loads
exceeding 2,000,000
pounds are easily and
safely carried in hydro-
electric generators.
There 1s no known
upper limit.

(3) NoSpeed Limits . —Perfect lubrication
maintained at highest
designed shaft speeds,
also lowest.  Present
range of experience
3 r.p.m. up to 30,000.

(2) High Capacity

. —Coefhcients of .001 to
.005 for most condi-
tions. Power loss re-
sults solely from o1l
film shear: there 1is
no metallic rubbing.

(4) Low Friction .

(5) Low Maintenance —Run year after year
with no need for re-
pairs or renewals. Only
attention required 1s to
keep oil clean and
properly cooled.

(6) Radial
Accessibility .

—Easy to provide for
routine 1inspection of
bearing surfaces, with-
out removing any parts
over end of shaft.

These points add up to a lifetime of depend-
able and economical service, under almost any
conditions of load and speed.

Typical Fields of Use

As already indicated, Kingsbury Bearings
may be applied to either horizontal or vertical
shafts. The arrangements for o1l circulation
are necessarily different in the two cases; other
details of construction must also be adapted
to meet the requirements of various types of
installation. Many of the designs shown in
the following pages have been thoroughly
standardized and are widely used.

Some of the commonest applications are:—

Marine propeller thrust service

Hydroelectric generators

Hydraulic turbines (horizontal and ver-
tical)

Steam turbines (horizontal and vertical)

Dredge pumps

Boiler feed pumps (horizontal and ver-
tical)

High speed blowers

Centrifugal compressors

Vertical electric motors

Deep well pumps

Oil pumps (pipeline and refinery)

For each kind of service, specialized infor-
mation will be supplied on request, including
recommendations on appropriate bearing types.
For some of these applications, pages 18 to 31
contain further data.

The Kingsbury principle —often in standard
Kingsbury designs —is readily applicable to a
wide variety of other machinery, with no sharp
limits to load or speed, and inherent freedom
from wear. We are always glad to hear from
machinery designers and to discuss their bear-
ing problems. Of especial interest are the new
applications arising in new and difhcult
types of machinery.




Basic Elements

The basic elements of a Kingsbury Thrust
Beaning are:

(1) The stationary pivoted Shoes.

(2) The Thrust Collar which rotates with
the shaft, and applies the load to the
shoes.  (Called Runner in vertical
bearings).

(3) The Base Ring, or other means of
supporting the shoes and equalizing
the shoe loads.

(4) The Housing or mounting, which con-
tains and supports the internal bearing
elements.

(5) The Lubricating System, which con-
tinuously floods the collar and shoes
with oil.

(6) The Cooling System for removing the
heat due to otl friction.

Every thrust bearing installation invelves
all of these elements in one form er another.
Designs may be classified as honzontal or
vertical; as having “adjustable” or *‘equaliz-
ing”” thrust elements; and also according to
the number of shoes. Some designs are fur-
nished as complete units including housings,
with or without self-contained lubrication, and
with water cooling equipment where needed.

The Shoes and Their Backing

Before passing to the various embodiments
of the above elements in particular types of
bearings, the general form of the shoes should
be noted; also the different methods of support-
ing them and dividing the load among them.

The Shoes

The shoes are segmental. Standard bear-
ings have from two to eight shoes according
to type, arranged as diagrammed 1in Figure 6.

Every shoe has a pivoted ‘“shoe suppert.”
Usually the suppert is set into the back of the
shoe, and has a hardened, shghtly rounded
pivot which contacts a hardened backing sur-
face. A small shoe and 1ts support are shown
at the left in Figure S.

In large vertical hvdroelectric bearings the
shoe supports are separate pteces, so shaped
as to minimize flexure of the shoe under load.

Figure 5
Three pivetcd ahoces (a fourth isinvurted ta show the hardencd ateel
‘“shoc support’ set into its base).

O

A

Py
Wy ‘e,
an

200

L/
& @
%Y

Diagram of shoe arrangements in Kingsbury Thrust Bearings.

Figure 6

A —Twe-shoc equalizing arrangement; I)gure 20, page 13

B —Srandard arraagement for (wo-shoe adjustable thrust bearings,
manne and industrial; pages 13 to 20.

C ~Thret shaes, equalizing (special marine arrangement).

D — Four shocs, equalining, for small bearings.

E —Three shees for standard equalization by leveling washers
Figures 12 to 14, page 12.

F —8ix shoes in standard equalizing bearings, horizontal or ves-
tical. Also in vertical si% shoc adjustabic hydroelectric bearings.

G —In special cases, equahzing bearings may use eight instead of
ux shoes. Large hydraelectric bearings use cight shoes, either
adjustable or equalizing.
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The Backing

Loads are transmitted from shoes to housing
by devices which either do, or do not, aute-
matically cqualize the load among the shoes.

When the loads are cqualized by manual
adjustment, the bearing 1s called ““ Adjustable.”
When the action 1s automatic, the bearing is
called “ Equalizing.” Every equalizing bearing
1s also sclf-aligning.

The Sphencal Bearing (page 29) 1s self-
aligning, although not cqualizing, There are
also a few special designs, mostly small, which
depend for equal load distribution on precise

A T TR

Figure 7
Flements of vertical adjustable thrust bearing,

Figure 8

Vertical 69-inch adjustable thrust bearing,

as lurnished in 1921 for four 45,000 k.v.a. unirs

of the Queenston, Onr., plant of the Ontario

Hydro Commission, and in 1923 for three

62,000 k.v.a. unirs of the Niagnra Falls Power
Co., Cliff No. 3-C plant.

grinding of the pivoted supports. They have

flat collars and are not sclf-aligning.

“Adjustable” Bearings

In two large groups of bearings the load
is divided bv manual adjustment of massive
“jack screws’ which transmit the thrust to

the housing. These arc the two-shoe marine-
type bearing, illustrated in Figures 9 and 10,
and described on pages 16 to 18, and the stx-
or cight-shoc vertical adjustable hydroclectric
thrust bearing, shown in Figures 7 and 8§, and
described on page 29.

Figure 9
Small twosshoe adjustable theust bearing with howsiog,

V

GHOE SUPPCRTS

SHOES

JAcu SGREWS THRUST PING
s

Figuee 10
Flemients of two-shoe adjustable thrust bearing
plan and vertical sections.




Figure 11
Stundard (removable) collar
for bearings \vi{!l’\ horizoat:l

shaft,

“Equalizing” Bearings

Two principal methods of equalization are
used. They are illustrated 1 Figures 12 to 17.

Fer the three-shee bearings shown by
Figure 13, the equalizing means consist of a

Standuard threc-shoe

Figure 12
equalizing  besring
{Style N) with shoes
removed, showing
hardened stecl sup-
poet plugs in shoe

cage.

Figure 13
Theeeshoe beuring,
Scyle N, For vertical
or horizontal shafr.

Figure 14
Style NV for vertical
shafi. (Style N with
runner added). Ar-
rows show dircction
of ail flow.

3-SHOE ELEMENT 6-SHOC ELEMENT

g
S T
fs ‘.".gy ek :§ LEVELING
BASC RING \’ 5 " N E PLATL
LEvELING ~SEL ’ﬁ / PR LR BASE RiNG
2N

WASHER ;-I".i‘?;!?:‘ L dd

SNOE COLLAR  SHOE

Figure 15
Threcshoe and sinabeoc double harizontal thrust

arlng elements.
“solid” (1.c., one-picce) spherical-seated “basc
ring”” and solid “leveling washer,” shown in
the left side of Figure 15. These three-shoe
bearings are used enly in small to medium
sizes. They may be either horizontal or vertical.

LEVELING PLATES BASE RING

Figure 16
Developed diagram showing principle of vqualized
support of shoes by use of leveling plates.
For six-shoe bearings, and the occastonal
s,

four- and eight-, the loads are cqualized by a
series of interlocking levers or “leveling plates,”
as shown in VFigures 16 and 17. The shoes
bear against the “upper’” plates. The “lower”
plates rock very slightly, on radial ribs formed

@
%

Figure t7
Split buse cing and leveling plutes of wwall (Seyle J)
six-shoe bearing. A "lower" leveling plate is shown
scparately.
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on their under sides, until every shoe takes
an equal share of the load.

The leveling plates are loosely held in a

“base ring,” which may be in one piece, for Figurc 20
assembling over the end (_)f the shaft, or split f,:;?}l;‘?g;‘{}:ﬁ,‘}ﬁ%},‘%‘-ﬂ’;’
(as in Iigure 17) for radial assembling. The JoEie Yasin T00% SRHE PR o
whole assembly (Figures 18, 19, 22) of base el vazs

ring, leveling plates and shoes, with collar or

runner, 1s mounted in a housing, and the . . . EE -
lubricating and cooling systems are designed as required. The bearing may be “single,
to suit either a horizontal or a vertical shaft, for one-direction load, or ‘““double” for two-
direction loads; or a six-shoe bearing for the
main load may be combined with a three-shoe
bearing for a lighter reverse load or simply to
limit the end play. (See Iigure 15.)

For light loads an equalizing tvpe of two-
shoe bearing has been developed: see Figure 20.
It 1s often used on the unloaded side in six-shoe
dredge pump thrusts; also in small sizes for
compressors. Being split, 1t can be assembled
over a shaft with integral collar, which cannot

FlpurcTe be done with the three-shoe type, Figure 21.
Style ] bearing assembly. (Shm::.addcd to Fig. .
17 parts). For vertical or heritontal shali. For vertical use the arrangements shown

in Figures 21 and 22 are often convenient. In
them a raised flange, forming part of the three-
shoe leveling washer or the six-shoe base ring,
holds the shoes radially in place, making 1t
unnecessary to include such a flange in the
housing design.

In large six- and eight-shoe hydroelectric
units, equalization has given strikingly good
results, as 1t eliminates the need of manual
adjustment and is also unlikely to be put out of
alignment by settling of the power house

Figure 19 foundauons, such as mav occur in the moun-
R, Tt Hiast beufloalshrtad ol tainous regions where large hydro plants are
Arrows show direction of oil Now, inward at - f‘ b l l H f‘ d - 29
bottom of base ring, outwurd between shees, most often utlt. t 1s referred to on pag,e -

letr—Figure 21

Style LV (Y-shae) thrux! bearing for
vertical shaft. Runner is shown in
phantem. For vertical usesthis iz often
the most convenient form of rhru_
shoc bearing, as it does not require a
separate shoc-rcmining flange.

Right—Figure 22
Style KV (6-shoc) thrust bearing f(or
vertical shaft. Runncr is shown in
phantom. The base ring is in onc
piece and has 1 raised shoc rewining
flange. Styles LV and KV have inters
changeable dimensions.




Symbols for Standardized Designs

Kingsbury Thrust Bearings are buile in o
great variety of types and sizes. They may he
regarded as o unigue system ol clements bualt
around moving flins uf vl rather than az specihe

aunponenis are ased in varnovs groupmgs, with
lubrication and housing to suit.

Designs, past ar present, sufhciendy estab-
Lshed o carry syimbols are here hsted. Current

articles of manufacture,  Certan standardized standards should be vsed wherever possibhe.

Bearings in Standard Housings

Nore: Fhe “size" of a2 thrust hearing is the curside dvamerer of che shoe face.
The “size' af a jeurnal Beariog bheusing is nerely 3 nosminal figure. e is mef the
shalt dizmeter, which may raspe from $USE 1e 7054 of the housimg * giec ", depenil-
g on the <ivle of hearing.

Horizontal Adiustabie Two-Shoe Thrust
Bearings, with Jouenal Bearing and
Housing. Automatic Lubrication,

Hearine Uizl

Symbo! Siae Range Dezcriplion
GK 21-43 Jowrnal bearng has lower hall shell
GH 9-19 Jourral hearing bas no sheth
GF 12-45 Journzl bearing hax full shell,
GC 9-27 See e, 27, page 2.

Horizontal, Equalizing and Self-Aligning, Six-Shoe

Thrust Bearings, with Journal Bearing and Housiny.

Also separate Self-Aligning Jeurnal Bearings,

?::}LI;‘E Sizl;l;?:;:c Description
LG 12-33 Selfroling; warer caoled  See Fig 41 page M4
FF lZ-—]S Has ane jovmal shell, Not seii-siled.
FTF 4 g i =E e,
L 12-33 [11::;“;;. Bearing naly.  Nor seb-eiled  Jee Fip. 33, “‘;EELHF- =
LD 12-33 J}n::trr;l rl?;;:"-ﬁ with auzomanic diic lubication, e FF Bearlng

Horizontal Equalizing Thruss Bearings in Housings,
with Seli-Aligning Journai Bearing.
Also separate Self-Aligning Journal Bearing.

Beartng No. of Uryal —
Symbol Shoes Skze Range Duicripiion
CH 6x6 4-9 Self-oiling, See Fig 37, page 23,
SH 6x3 $-9
Old rype. resemblimg CH b

%JH 6 x6 ‘E'g Jvss compact, Ohsalele.
SNH 3x3 5-9
C J\:OI"I'I: 4_9 Jaarnal bearng anly,  Fig. P

1 ¢ Fike €, hue Beanny shell same
S None 5-9 I &
Nore: The letrer "5, added a0 the end i otherwise stamdard, T a0 YGHSES

of any bearing svmbal, murns char same
special feature 15 used, thouwgh the design

hearing micht havy hgh supparcing Hanzes
iibuod of the nsoal ﬁ-dui(.‘nl b
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Bearing
Symbol

DV
DVM
DVL

Bearing
Symbol
(See Note)

JHJ
JH
JJ
J

BHB
BH
BB

NHN
NH
NN

Symbols for Standardized Designs
Housings Furnished by Purchaser

Vertical Six-Shoe Adjustable Types

Sizgﬁlaar{ge Description
19-73 See Figure 7. Shoes bored 43% of O. D.
19-73 Like DV, but shoes bored 509 of O. D.
19-73 Like DV, but shees bored 56% of O. D.

Equalizing Types, Horizontal and Vertical
Elements Only

Nore: “H?” as part of symbol means that separate collar (Figure 11) 1s furmshed by us.
6" or “3” means shoes on one side enly of collar. “6 x 6," etc., means shees on beth sides.

“J" and “B” base rings are usually split: “N"" base rings are always solid.

Horiz. No. of Usual Description
or Vert. Shoes Size
Shaft (See Noate) Range

H 6 x & 5-17 Eﬁﬁ'ﬁ i
(LD {]

JH]) Elements

(See Fig. 30, page 21)

é@zﬁg
|ﬁi’l
N

NHN Elements
(Compare JHN)

H 6 5-17 5% "
ol =

H 616 517 EL% B
g 1= {]

H 6 5-17 » J

H Ex6 5-45

H 6 5.45

H o b5 545

H 6 5-45 bl gy g‘;sgc.rsi-‘if
" "

H 3 3 5-17 H—ﬂ NHN
(]]] 1

H 3 517 E% R
N !

H 5% 3 5-17 &ﬂ NN
q 0 q

H 3 5-17 ﬂ‘- .




Rearing
Syimbol
{See Nuir)

JHN
JN
BHN
BN

KV
LV

Jv
BY
NV
KBV

Bearing
Svinhol

AYS*
Gy
DH
DNH
DVS
EH

Symbols for Standardized Designs

Equalizing Types, Elements Only
{cominuxed)

Horiz.
or Verr.
Shualt

H
H
H
H

\.f
\.-‘

No. of
Shoes

ENee Note)

6x3
6x3
6x3
6x3

G

(a3

Caual
Size
Range

3-17
5-17
5-17
3-17

5-17
5-17

3-17
5-17
317
19-45

Description

E:ﬂ ¥

B Brase i siume afor ] 1enes
exsept thinner,

2 -

JHN Elements
(See Fig. 15, page 110

E KV See Figuer 31
LY See Firure 31 ﬂ

V See Figure 19 %§§
ﬂ e Rty ]V Elements

BV [s like ¥ but thinner
base ring

Symbols for Miscellaneous Designs

Nore: A few of there, whach ure macked *, represent spaialized designt, miade ap only oo rw
wiuvwal reguirements amd ot considered srandard. Sonie pihers are obaolere i 1ymbads only.
andd repeedent dusigns wtall srandand bur now called by ather svmkols speabed:  cg, old D)
s vk calledd BHIS. S0l arkgga repreasit ohaolete J{u’;nr and ate & miicaned.

Horiz,
ar Vert.
Shafy

v
v
H
H
v
H

Solld
or Spphix
Buare Ring

Sohd
Solid
Snrll

6 Sh,
3 Sh.

Snlie
Ghd

Optiona)

Split

No. of
Shocs

/]
&
6x6
6xl
6
6

Usual
Slze
Range
7-R
5«17
343
3-17
19-73
517

Wescription

Retemnbloe Y but & apecial shocs.
Adpust ahle shoes.

Now called BHE

Now callel BHN

Now allsd BY

Now (]“l‘li “
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Symbols for Miscellaneous Designs

(continued)
p Horiz. Solid Usual
gearlljn% or Vert. or Split I\SJ;: of Size Description
R Shaft Base Ring 0es Range
EV* \% Solid ) 5-17 Equalizing base.
F* H None 12-45 Journal bearing unit: same rigid shell as in GF unit.
FGF* H 2x?2 3214 Liberty Ship design. Like GK but 2 journals,
FL H None 12-45 Obsolete design. Like F but longer shell.
FLP H None 12-45 Obsolete design  Like FL, plus viscosity pump.
FP H None 12-45 Obsolete design. Like F, plus viscosity pump.
. Obsolete design. Double removable collar, equalizing;
GG H Split 2x2 7-27 journal and housing.
GN H Split 2x2 7-27 Obsolete design. Resembles GG but integral collars.
GP H Split 2x2 =27 Obsolete design. Like GN but pedestal base.
GV \Y% Solid 3 5-17 Now called NV.
HH* H 3x3 21-45 Fqualizing thrust: otherwise resembles GF.
. Obsolere design. FEqualizing thrust, rigid shell, auto-
KH H Spllt 6x6 17-29 matic lubrication.
KPH H Split 6x2 17-29 Obsolete design. Like KH but has 6 x 2 shoes.
LGL* H Split 6x2 21-33 Like LG but two journals.
6 Sh. Split Obsolete design. Like SH bur low pedestal mounring;
LH H 3 Sh. Solid 6x3 5-17 no cooler.
2 Obsolete design. Like LH, but through shaft with
LL H Sp]lt 6x2 5-17 integral collar, 6 x 2 shoes.
Obsolete design. Same as L, plus viscosity pump.
LP H None 12—33 Replaced by LD
MJVv* \% Split 6 5-17 Equalizing thrust and journal unit with housing.
MNV#* \"% Solid 3 5-17 Equalizing thrust and journal unit with housing.
= Adjustable bearing elements with horseshoe-shaped
PH H 2x2 9-45 base ring.
PSV* \% Solid 6 9-45 Spherical bearing.
SP H None 5-17 Obsolete design. Same as S plus viscosity pump.
g Obsolete design. Like SH, but through shaft wich
SS H Split 6x2 5-17 integral collar. 6 x 2 shoes.
VML* \Y% g g}}: SS(i))]{ll(E 6 or3 5-17 Equalizing thrust and journal unit with housing.
Y H None 5-17 Obsolete design. Like S but high pedestal mounting.
YH H ? g: ég}:é 6x3 5-17 Obsolete design. Like SH but high pedestal mounting.
YP H None 5-17 Obsolete design. Same as Y plus viscosity pump.
YY H Split 6% 5.17 Obsolete design.  Like YH, but through shaft with

integral collar and 6 x 2 shoes.

NoTe: A few of these, which are marked ¥, represent specialized designs, made up only to meet unusual requirements and
not considered standard. Some others are obsolete as symbols only, and represent designs still standard but now called
by other symbols specified: e.g., old DH is now called BHB. Still others represent obsolete designs and are so indicated.




Horizontal Thrust Bearings

Two-Shoe Adjustable Unit With Housing
for Marine and Industrial Use

This type, examples of which are illustrated
in Iigures 23 te 29, was eriginally designed for
use en engine-driven ship prepeller shafts.
Many thousands are in service, from towbeats
to cargo and passenger ships and tankers.

Figure 24
Medium-size  two-shoe adjustable
thruse bearing. Pact of housing is
broken away; pact is in phantom,

to shew internal pares,

Usually they are mounted just abaft the engine,
sometimes on an extensien ef the hedplate.

So high is the load-carrying capacity ef
the o1l film, that twe shees are usually ample
te carry the thrust. The shoes are supported

Figure 23

Large two-shoe adjustable chrust
beartng. Shaft (with integeal collar)
omitted.

. _— OIL SCRAPER

"

STUFFING BOX

THRUST PINS

JACK SCREW
LOCK WRENCH
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Figure 25

Plan section, showing thrust collar
and shaft, shoes and jack screws,

v
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Figure 26

Vertical section, showing oil picked up by thrust collar and distributed to collar faces and journal bearing.
The cail is used when the operating specd requires it

loosely in the lower half of the housing, where
they are backed by adjustable jack screws a
little below the shaft center. Each shoe has
a hardened, rounded insert in its back, which
permits the characteristic slight cilting of the
shoes.

The thrust collar is forged integral with a
short section of the propeller shaft. Its diam-
eter is approximately twice that of the shaft.
In standard designs, a journal bearing is
located close to the collar in the same housing.

In order to take the astern thrust and
also to limit the end play, a second set of shoes
and jack screws is provided, working against
the after face of the thrust collar,

Lubrication is automatic. The bottom of
the collar dips in an oil bath; and the oil
adhering to it i1s taken off by a bronze scraper
riding on top of the collar, and delivered in
ample streams to both faces of the collar and
to a large pocket over the journal bearing.

At the moderate shaft speeds usual in
commercial vessels, the heat due to oil shear
1s carried away by the surrounding air and the
foundation. This is called “air-cooled” oper-
ation. At higher speeds, a small water cooling
coil may be added to absorb the surplus heat.
Another method sometimes used is to supply
cooled oil from an external lubricating system,
with return overflow at the usual oil level.




Besides their use in <h|pq, these two-shoe
thrusts are much used in dredge pumps,
unless the load and speed require the six-shoe
type of thrust bearing. For dredges, the two-
shoe construction 1s valuable for following-up
of pump wear. Both two-shoe and six-shoe
types can supply eil through pipes for lubri-
cating the separate journal bearing near the
pump 1mpeller.

These bearings are used also, at still higher
speeds and with special lubricating and cooling
arrangements, for horizontal water turbines.

Various modifications of the standard design
may be had te meet special conditions. Par-
ticulars will be given on request. The type 1s
suitable for many industrial uses.

A medificd ferm of two-shoe thrust
bearmg i1s shown in Figure 27. It s
intended to be bolted over a circular
opening made to receive it in the after
end of 2 marine Diesel cngine crank-
casc. Besides the thrust elements, it
contains a jeurnal bearing adequate
to support the flywheel.

Figure 27
Compact two-shoe beuring for bolting to after end of
Diesel engine cranhcase.

Figure 28

Twoshoe thrust besring on pro{t}:!lcr shaft
af Diescl-clectric hopper dredge, Army
Engincers,

Photo by Trinity Conrt Studios

Figure 29
Kingsbury Thrust Bearing (two-shoe) snd
Jeurnal Beuring used on dredge pump,

Caourtesy Bueyrus-Erie Co.
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Six-Shoe Equalizing Bearing

In these bearings, the load is equalized
between the shoes by a series of interlocking
levers or “leveling plates,” illustrated in the
photegraph, Yigure 17, and diagrammatically
in Iigure 16. By rocking slightly, they assure
that every shoe gets its share of load and
no more.

The six-shoe equalizing bearing consists of
cellar, chocs, leveling pl’ltcs, and base ning,
with provision for passing a stream of cooled
and filtered o1l through the thrust cavity.
These elements are assembled in a housing
which may be supplied by the machinery
builder or by us.  Though only horizontal
applications are shown here, the same standard

‘W AR ABVEL WG Rl

IPALG PaATEL

Figure 30
Small double (two-way) six-shoe thrust bearing. Near-side clements
Yexploded;” farside clements assembled.

Figure 31

Large double six-shoe bearing, without collar, Base rings solid. Shocs of
nearer setare omitted to show leveling plates. Two leveling plates (upper
and lower) shown separately.

Figure 32

Small double six-shoe bearing assembled. Acrows show
irection of ail tlow,

clements are used in the vertical equalizing
bearings shown on pages 12 (left side) and 13.

Usually the clements are alike on both
sides of the collar (compare Vigures 30 and 32),
thus providing for two-way thrust, and alse
for limiting the end play. When the thrust
1s moderate, three or even two shoes may be
uscd instead of six: the equalizing arrange-
ments of these latter types are illustrated i
Figures 15 (left side) and 33.

In the following pages, six-shoe bearings
are shown asscmbled in housings designed for
the commonest specific uses. In appropriate
housings, the same bearings are suitable for
many other uses.

COLLAR )

Figure 33

Sivall six-shoe and threeshoe bearing assembied with
collar. Compare sectionul drawing, Figure 15,




Marine Thrusts (Six-Shoe)

The equalizing thrust clements are very
eftcn buile inte the machincry housing. A
typical example is the six-shee double thrust
bearing in a marinc main reduction gear hous-
ing for turbine drive, Figurec 34. A similar
arrangement is shown in vertical section in
Figure 35, with arrows indicating the oil flow.
Stated generally, the methed of lubricatien is

Figure ¥4
Dauble six-shoe¢ bearing built into forward end of
marine reductian gear case,
Courtesy Westinglouse Flectric Corp.

Ol INILr Oit QUTLET
c

Ol INLET
v

FIUER PIECE
FOR ADUSTING
END PLAY

Figure 35
Vertical section of Jouble six-shoe bearing in housing.
Arrows shaw directian of oil flow.

to introduce the oil under nominal pressurc.
It Hows toward the shaft, past the leveling
plates. On meeting the collar it flows outward
between the shecs, and escapes at the top,
carrying away the heat due to oil friction.

With six shocs instead of two to carry the
load, the diameter of a six-shoc beanng can
be much less than that of a two-shee bearing
for a given thrust. Since the bearing in Figures
34 and 35S is at the forward end of the propeller
shaft, the shaft size at that point can be reduced
to fit the bore of a six-shoe collar of appropriate
size. This again favors incerporatien ef the
Kingsbury Thrust into the gear heusing.

Figure 36
l.arge dauble six-shoe thenst bearing, Style FTF, for use in shaft tuanecl
al twinsscrew ship, Collar (notshown)is forged integral with thruse shaft,

In medium to large sizes, thesc built-in
Kingsbury Thrusts are used in the main redue-
tion gears of many turbine-driven U. S. Navy
vessels, and many U. S. turbine-driven liners
and cargo vesscls.  Figure 31 shows such a
bearing, larger than chat in Figure 32 and
partly disassembled to show the leveling plates.

In large, multiple-screw ships the six-shoc
separately-housed type of thrusc bearing, shown
in Figure 36, is somctimes used, with thrust
collar forming parc of a section of che pro-
peller shafting.
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Boiler Feed Pump Thrusts

Most horizental multi-stage centrifugal
pumps, especially fer boiler feeding, develop
censiderable end thrust. The problem 1s also
impertant in fire, oil pipeline and refinery hot
oil pumps. In view of the very responsible
nature of their duty, cempletely dependable
thrust bearings for these pumps contribute

materially to the uninterrupted functioning of
the entire installatien.

Figures 37 to 39 show a type of self-con-
tained, self-lubricating thrust bearing developed
for either end of a centrifugal pump. The same
mounting contains a compact, highly efbcient,
self-aligning journal bearing. Beth are lubrn-
cated by oil from an eil-circularing ring sur-
rounding the thrust collar, similar in principle
to the oil airculator forming part of the standard
six-shee dredge pump thrust bearing (page 24).

Immediately on starting, o1l from the
circulater fills the restricted space around the

Figurce 38
Oil circulstor as used in
oiter feed pumps.

Figure 37
Stundard Stvle CH thrust bearing,
with built-in journal bearing and at.
tached cooler, for boiler feced pumps.
Oil circulatar surrounds thruse collar,

thrust elements, between the seal rings, and
also flows under pressurc te the journal bear-
ing. From those it passes to the coeler (at-
tached under the housing) and thence back te
the bath. The jeurnal bearmg is so grooved
as to minimize feaming and facilitate cooling
by the oil stream; and the self-aligning feature
assures even distribution of the load,

Frequently, the inboard end of the pump
carries a jeurnal bearing duplicating the fea-
tures of the journal bearing built into the thrust
mounting. When that is done, suitable supply
and return piping connects the two bearings,
and the thrust “oil circulator” supplics both,

For pumps so designed that the standard
bearing unit here shown cannot be attached te
the pump heusing, we can furmish the 6-shoe
or 3-shoc clements shown in Figures 32 and 33,
for usc in heusings built to receive them,

Figure 39

Swndard Style CH thrust bearing, with built-in journal bearing, und
separaie Style C journal bearing for inboard ar drive end of pump.

Figurc 40
Small (4-inch) Stvle CH thrust bearing on outboard end of centrifuga)
pump.

Courtesy Worthingron Pump & Mchy. Corp.




Dredge Pump Thrusts (Six-Shoe)

A heavy-duty dredge pump requires a
massive journal bearing, located as close as
possible to the pump impeller, and a combined
thrust and journal bearing at the drive end of
the pump shaft. A suitable form of journal
bearing i1s shown on page 31. It reccives o1l
circulated from the thrust bearing by pumping
action generated in the latter, as described
below.

The equalizing clements of these thrust
bearings —shoes, leveling plates and base rings
—are identical with those of the six-shoe
marine thrust bearings already described. Since
the thrust i1s normally one way, a two-shoe
bearing on the unloaded side is sufhcient to
restrict the end play. The thrust collar 1s
usually forged on the shaft.

The heavy loads and high speeds of dredge
pump operation require use of an oil cooler.
To crculate the cil, use 1s made of the cling
of the o1l to the collar rim. T'he collar runs
inside a stationary bronze ring called the
“oil circulator” or “pumping ring,” as wide
as the collar nm and internally grooved. Ol
taken from the bath builds up a pressure in
the ring groove, by which it 1s forced into the
thrust cavity on each side of the collar, and
also to the built-in and separate journal bear-
ings. As there are no moving parts except the
collar itself, the chance of failurc in a scparate
pump 1s eliminated. (See the similar device
used with boiler feed pump thrusts, Figure 38.)

Figure 41

Combined journal and six-shoe thrust beacing, and \epag}l!e )'cur“na! bearing, for
)

eavy-duty dredige pump, Dredge “GULF A

Steam Turbine Thrusts

At the high speeds of small turbines 1t 1s
desirable to move the o1l through the thrust
bearing with the least possible churning and
resultant power loss. T'his is accomplished by

FILLER PLATES

)

!
—
0
—
:
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1|I —
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secTion-AA

Figure 42
Double six-shoe beacing with oil conirol ring for high speeds. (Three
shoc bearings may be used instead of six-shoc.)
El) Collar; (2) Shoc Assembly; (3) Base Ring (split); (4; Buse Ring Key;
5) Leveling Plate Supporei (6) Upper Leveling Place; (7) Lower Leveling
Plate; (8) Leveling Plate Sct Screw; (9) (10) Oil Control Ring (in halves).

Figure 43

y . QOil Control Ring for high:speed steam turbine
Courtesy McWilliams Dredging Co. thruses.
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the addition of an “oil control ring,” which
surrounds the collar but does not move. The
collar (othcrwise standard) has a grooved rim,
making n effcct a low flange at cach edge.
The control ring is internally grooved to match
the flanges, and each groove has a rangential
outlet at the top. Sec Figurcs 42 and 43. Thus
oil threwn oft by the flanges i1s carricd around
the grooves and cxpelled herizontally at the
tep, as if from the discharge outlet of a centri-
fugal pump. Unlike most Kingsbury horizontal
equalizing bearings, these steam turbine thrusts
have no dchinite ol level: when running, ol
reaching the shoes and collar 1s promptly ex-
pelled before 1t can recirculate and become
heated by churning.

Either six shoes (with leveling plates), or
three shoes (with leveling washers), may be
used in most cases. Fer the threce-shoc bearing,
see next paragraphs.

Figure 49
Steam turbine driving centeil
upal blower, Kingsbury Thrust
Bearing is built into the jour-
nal housing between rurbine
and blower.

Courtesy Reots:-Connersviile Blower Corp

Three-Shoe Equalizing Elements

When the thrust load (e.g., of a pump or
turbine) is low for the shaft size, the standard
three-shoe instead of six-shoc elements may be
used. See Figure 13, page 12. They afford seme
saving in the pewer loss due to eil shear, which
is considerable at higher speeds. The shoes are
like these of mest six-shoc bearings; but their
“solid”’ (i.e., ene-piece) spherical-seated base
ring and solid leveling washer must be as-
sembled ever the end of the shaft. The shoes
are held in a “cage’ so shaped as to receive
and direct the flow of oil, substantially as 1s
done by the six-shoe base rings alrcady de-
scribed.

These three-shoe clements are interchange-
able as to size with the standard six-shoe
elcments. They are standardized only in sizes
up to 17 inches diameter of collar.

Figure 45
Scevensstuge boiler feed pump
filted with Kingsbury cam-
bined Thrust and Journal
Bearing, alse scparate

(inboard) Journal Bearing.

Courtesy Byroa Jackcon Co




Qil tanker propelled by Sun-Doxrford engine.
ne of many Kingsbury.e UI[)EICIJ moltor
rankers built for Sun Oil Co.

VYwo-shoe chrust besaring for Sun-Doxford
Diexel engine.

Marine Diesel engine, rated 7250 h.p.,
with Kingsbury 21.in. two-shoe
thrust bearing. inswalled on Socony-

Vacuum tanker on Great Lakes,

Couctesy Nordberg Mfg Co.

Reduction gear set for marine
Diesel engine, with Kingsbury six.
xhoe thrust bearing.

Courtesy Farced-Birmingham Co,
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Special-Purpose Thrusts

The Kingsbury principle can be applied to
many special cenditiens. An examplec is the
woed pulp refiner shewn in Figure 48. The
thrust is hcavy, the space available limited,
and the speed —altheugh medcrate—is high
eneugh te be destructive te the anti-frictien
bearings which werc first tried.  Standard
Kingsbury Thrusts have met the require-
ments easily.

Stull mere unusual is the rubber plasticator
shewn in Figure 47. This machine, operating
somewhat like a huge sausage machine, masti-
cates the rubber stock and ferces it eut under
tremendeus pressure threugh 2a censtricted
epening. The shoes are carried en the shaft
and revolve with 1t. The collar is statienary,
hollow, and ceoled by a stream of water run-
ning threugh it,

This rubber plasticator runs slewly —about
25 r.p.m. —and uses heavy eil. At the epposite
extreme in specd and service i1s the 314 in.
three-shec bearing shewn in Figure 46. Des-
tined for an airplanc supercharger, it 1s de-
signed te carry 1000 Ibs. lead at 30,080 r.p.m.

Figure 46
Smull one-way three-shoe thrust bearing for airplane
supercharger. Load, 1000 lbs.; speed 30,000 r.p.tn,

Between and even beyend the extremes
abeve cited, wherever a Kingsbury Bearing
can be properly meunted and supplied with
circulating oil, the machinery designer can be
sure of getting indefinitely long life, lew friction
and nominal maintenance, by availing him-
sclf of the Kingsbury principle and the ex-
perience of the Kingsbury erganization,

Figure 47
Kingsbury special 6 x 4.shoe
Thrust Bearing built into rubber
plasticator.

Ceurtesy Farrel-Birmingham Ce.

Figure 44

Kingsbury 6 x 3- shoe Thrust Bear-
ing, built into wood pulp refiner.

Ceurtesy Suthecland Rehiner Corp.




Vertical Thrust Bearings

Equalizing Types

Verucal equalizing bearings of three-shoe
and six-shoe types, in all but the very largest
sizes, employ the same arrangements of shees,
leveling washers or leveling plates, and base
rings that are standard for horizontal bearings
of equalizing types. (See pages 12 and 13,
also 21.)

THRUST BLOEX
JOURNAL BEARING

CiL RETAINING TUBE BASE RING

Figurc 49
Vertical cqualizing thrust bearing, using Style KV clements in housing
with guide bearing and cooling coil.

Below hydroelectric sizes, these vertical
equalizing bearings are extensively used in
vertical pumps for deep wells, cendenser cir-
culatien, unwatering dry docks, etc., and with
vertical electric motors for any purpose. In
small sizes, they arc uscd in vertical turbines,
driving condenser pumps and for similar services.

Although the standard arrangement of
shocs, cte., is the same in vertical as in hori-
zontal cqualizing bcarings, the lubrication s
much simpler. In a honizontal bearing it 1s
necessary to provide against escape of ol at
the bearing cnds. But in a vertical bearing
the shoes and lewer face of the runner can be
submerged in the ol bath, which is kept from
running down the shaft by a fixed retaining
tube, loosely surrounding the shaft and rising
above the bath level. This 1s shown in Figure
49. The cooling coil, if one is needed, 1s 1m-

mersed in the bath. If the oil is clean and
protected from contamination, it may be used
indefinitely with only periodic checking against
impurittes, and make-up for evaporation.

Circulation 1s induced by the motion of the
runner. A guide bearing located above the
thrust bearing can be lubricated from the
thrust bath by using etther the centrifugal or
the viscosity principle to lift the oil, witheut
separate moving parts,

In moderate sizes, the thrust bearing is
usually located at the top of the shaft. In
hydroelectric sizes, the thrust may be located
either at the tep or between the generater and
the water turbine, as ts most convenient.

Figure 49 shews a common form of cem-
bined thrust and guide bearings, designed for
electric metor drive of vertical pumps, etc.
For electric meter speeds, oil is lifted from the
bath to the guide bearing by using centrifugal
force, geing by way of a radial hole drilled in
the flanged lewer end of the jeurnal sleeve,
which alse acts as the “thrust bleck,” trans-
mitting the thrust lead from the shaft to the
thrust bearing runner. A seal ring confines
the @il and ferces tt upward.

Figure 50 shews a similar thrust bearing,
but witheut guide bearing.

# 13

Aasian BLARS

Figure 50
Simple vertical mounting with cooling coil and air seal ring., Thrust
bearing may be Style LV or KV,
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Adjustable Type (Hydroelectric)

This 1s the best-known hydroelectric type,
of which the historic first Holewood bearing
was the ancestor. The runner is a cast tron
disc, several feet in diameter, sometimes divided
into segments te facilitate assembling, and
bolted to the under face of a massive steel
“thrust block” keyed to the shaft. In the
larger sizes, therc are eight shoes instead of
six. ‘They are so shaped and supported as to
cnsure their remaining flat when loaded —an
important point with loads which may run
well over 500 pounds per square inch. The

Figure S1
Eight-shoc adjustable thrust bearing:
one of three at (Jumcnvnllc Dam,
TV A System. Size 87 ina load
2,000,000 1bs. Speed 6‘)erm.

)

massive “shoe supports” are separate picces,
each containing a hardened pivotal insert which
rests on the hardened face of a jack screw.

The runner faces are finished and joined
with the utmost care; and corresponding care
is nceded in finishing the thrust block face,
that it shall be precisely squarc with the bore
and true to a straightedge throughout.

Equal distribution of the load among the
shoes 1s accomplished by a special procedure
of careful sledging of the jack screw wrenches.
The same procedure may sometimes be used
to plumb the shaft and center the rotating
elements of the generator er turbine, or both.

These hydroclectric thrusts run in an o1l
bath similar to that of the smaller equahizing
bearings above described, with a cooling coil.

For protectien against stray currents, 1t
its usual te insulate the thrust elements frem
the housing base.

@ccasienally a sample of o1l should be
drawn from the bottom of the bath, to check
for possible contamination, and oil 1s added
as necded to make up for evaporation. Good
oil, kept clean, lasts fer many years.

Unlike most herizontal thrusts, a hydro-
electric bearing starts and stops fully loaded.
However, experience has shown that enough
oil adhcres to the working faces, even after a
shutdown, to make special provisien for start-
ing unnecessary if the bearing was properly 1n-
stalled and the jack screws carefully adjusted.

In case settling of the power house founda-
tion 1s to be anticipated, the safest precaution
1s to use the equalizing type of thrust bearing,
for which a special hydroelectric design has
been developed. (Sce illustratien, page 30.)

Spherical Type

This 1s, in effect, a scif-aligning bearing, in
which that feature 1s obtained by the use of a
spherical-faced runner, bearing on six spherical-
faced shoes supported in a solid base ring. It
combines In a single set of elements, the func-
tions of a thrust bearing and a guide bearing,
The shaft center 1s always held exactly at the
center of the spherical surface.

A featurc of the spherical bearing which 1s
sometimes valuable is the absence of any side
play, such as may occur In the conventional
guide bearing owing to the necessary allowance
for running clearance. Under all conditiens for
which a spherical bearing is designed, its side
play is zcro.

Figure 52
Six-shae spherical
thrust bearing. Rose.
tilla Hydra.electric
Develepment, Mex.
ico. Size 45 in. Load
300,000 lbs, Specd

128 r.pom.




Douglas Dam, TVA System. Gencral Electric Co. generatars with 89-in. Kinysbury adjustable bearinas,

Hydroclectric thrust bearing, equatizing type.

For Elliott generator, AlV-American Canal,

California. Size 53 in. Losud §55,000 1bs.
Speed 150 r.p.m.

(o]

hickamauga Dam power station, TVA System. Allivw
helimers generators with Kingsbury 93-in. adjustable
bearings. Load 2,075,0€0 Lbs. Speed 75 ropom.

(]

Dredgze "GULF STREAM"; McWilliams Deedging Co, Kingsbury
Thruse Rearing and Journal Bearing on dredge pump shaft,
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Kingsbury Journal Bearings

Kingsbury Journal Bearings are designed
to utilize the same laws of oil film behavior
which are so strikingly exemplified in Kingsbury
Thrust Bearings. All employ flooded lubrica-
tion to carry away thce heat of oil shear. All
shells are so grooved as to carry the otl strecam
to every part of the loaded area, and also to
prevent loss of load support at the ends due to
foaming.  Bearings with self-aligning shells
assure uniform film thickness from cnd to end.
Thus maximum use 1s made of the thcoretical
load-bearing capacity. When properly installed,
suitably loaded and kept supplied with oil,
they should —like the thrust bearings —last in-
definicely without repairs.

The journal bearings built into self-con-
tained mountings for thrust bearings have
already been briefly mentioned; also the scpa-
rate journal bearings for the inboard ends of
centrifugal pumps. Besides those, there are
two principal types of heavy journal bearings,
shown in Figures 53 and 55. There 1s also a
special design, Figure 54, which clhimmates shaft
vibration due to eil whirl at very high speeds,
and 1s also strikingly compact.

Line Shajft Bearing
(Marine Propulsion)

This bearing, Figure 53, 1s wholly self-
contained, since it generates its ewn otl cir-
culatien. A disc, spring-clamped on the shaft,
picks up oil from the bath, and delivers it to
a bronze scraper bearing against the face at
the top of the shell. The shell s self-aligning:

B

D, INLEY

BLLTICGh - A-A

SECToN-6-8
Figurc 54
Journal bearing with rocking shoes, for very high speeds,

unltke the shell 1n Figure 53, it is intended
only for downward loads. This bearing is
particularly suitable for use in shaft tunnels,
as 1t runs for long periods without attention.

Figure 53
Heavy journal bearing with selfaligning shell, for dredge pumps.

Dredge Pump Bearing
(Heavy Duty, Self-Aligning)

This bearing, Figure 53, i1s designed pri-
marily for the impeller end of dredge pump
shafts. It is self-aligning, and is se lubricated
as to withstand the severe test imposed by a
reck whirled in the impeller. [t 1s customarily
used in connection with a Kingsbury combined
thrust and journal bearing at the drive end,
and receives oil from the latter’s built-in “oil
circulater” or “scraper.” (See pages 20 top
and 24 left column regarding this.)

Figure 55

Propeller shaft hearings disce
oiled and selfaligning,




Lubrication and Cooling

The basic principles of Kingsbury lubri-
cation are: (1) to flood the bearing surfaces
with oil, thus giving full opportunity for the
oil films to assume the wedge form; (2) to
circulate the o1l rapidly enough to remove the
heat due to shearing of the films; (3) to suit
the viscosity to the load and speed. The
methods of doing these things depend on con-
ditions. Most of them have been indicated in
the preceding pages.

If, as in a central station, a horizontal bear-
ing can be tied into a general o1l circulating
system, the simplest plan may be to feed
cooled and filtered oil under system pressure
to the thrust cavity and discharge it at the
top. This plan is used also with thrust bearings
built into turbine-driven marine reduction
gears, as in Figures 34 and 35. For such bear-
ings, the o1l rate 1s influenced very largely
by the speed.

However, it is often preferable or necessary
that the thrust bearing shall be completely
self-contained, with 1ts own devices for cir-
culating and cooling the oil. Most two-shoe
horizontal adjustable bearings, Figures 24 and
26, are in this class. The ol 1s circulated by
the thrust collar, dipping into the bath of oil.

When the speed is high enough to require
water-cooling, a copper coil 1s installed 1n
the o1l bath, or an oil cooler 1s mounted along-
side the housing. At moderate speeds the
bearing operates air-cooled. Air in motion is
considerably more effective than still air. Wood
foundations are inferior to steel for dispersing
heat.

Centrifugal pumps, using mostly compact
six-shoe bearings, require compact circulating
and cooling arrangements. For boiler feeding
and similar service, the need is met by the
built-in o1l circulator and small attached cooler
shown 1n Figures 38 and 37: for special con-
ditions other cooling arrangements may be used.
Oil under pressure from the circulator is

frequently piped to the inboard pump bearing,
and then returned to the thrust housing.

On an enlarged scale a similar lubricating
and cooling arrangement 1s used for dredge
pump thrusts, with oil similarly piped to, and
returned from, the journal bearing next to the
impeller.

Using an extension of the same principle,
isolated journal bearings anywhere can be
lubricated by attaching a “pumping disc” to
the shaft to circulate the oil.  Compare the
Line Shaft Bearing, Figure 55, page 31. If
the shaft speed permits, the centrifugal prin-
ciple may be used in a similar way.

With vertical bearings, lubrication of the
thrust elements 1s simple (see Figures 49 and
50). Usually a cooling coil can be placed in the
bath if needed; or o1l from the bath can be
circulated through an outside cooler.  The
adjacent guide bearing can be lubricated with-
out additional moving parts, by usmg the
centrifugal principle if the speed permits. If
the speed is too low for that, the viscosity
principle may be invoked, somewhat as it 1s
used in the “o1l circulator” of pump thrust
bearings. A shallow-grooved stationary ring,
facing against one of the submerged rotating
elements, takes oil from the bath and delivers
it to the o1l space leading to the guide bearing
just above. Oil 1ssuing at the top of the guide
bearing drains back to the bath.

The power loss due to o1l shear under given
running conditions can be calculated definitely.
When using an external oil circulating and
cooling system, the rate of oil flow can be
stated for any desired temperature rise, usually
from 10° F. to 25° F. When using an internal
water cooling coil, or an attached oil cooler,
the required rate of water supply can likewise
be figured. For any new set of conditions, we
should always be consulted regardmg oil or
water rates, and also regarding viscosity.
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Load Ratings: What They Mean

We have found no defnite speed limits for
Kingsbury Thrust Bearings. Because the shoes
are free to tilt, increasing speeds tend to draw
more oil between shoes and collar, thereby
adding to the load capacity; and this fact 1s
taken into account in the rating tables. The
main point to be watched, at high speeds, is
to avoid churning and consequent hcating of
the oil. This is the reason for the Oil Control
Ring type, deseribed on page 24.

Stated accurately, the load capacity cannot
be cxpressed in ““pounds per square inch:”
it depends on the thickness of the films of oil.
And the flm thickness depends not only on
load and speed but on the size and proportions
of the shoes and on the operating viscosity.

Viscosity, in turn, depends on grade and tem-
perature. With load and speed specified, size,
oil viscosity and general design must be made
to suit. In all cases, provision must bc made
tor removing the hcat of ol friction. These
facts explain why we should have full particulars
regarding intended use.

Our rating tables specify load capacity for
given size and number of shoes, of given bores
to suit shaft diameter, at given speeds, with
oil of “standard” viscosity, Other things being
equal, the load capacity is roughly propor-
tional to the viscosity at bath temperature;
but this i1s limited by the unsuitabilicy of
heavy ol for high speeds. The following exam-
ples arc taken from the standard rating tables:

Typical Ratings, Two-Shoe Adjustable Bearings

Loads in Pounds

Bearing
Bearing Arcu 100 200 400 A00

Size Sq. lu. r.p.m. r.p.m, r.p.m. r.p.m.

9 16 3,000 3,100 3,800 1,300
15 1 10,000 11,000 12,500 13.500
21 37 23.000 26,000 29,000 1
27 142 411,000 16,000 52,000
37 267 90,000 100,000 B SO
45 394 110,000 136,000 e e

Typical Ratings, Six-Shoe Equalizing Bearings

Loads in Pounds

Bearing

Bearing Arcd 100 400 1.200 4.000 10.000
Stre 8q. In. r.p.m, r.p.m, r.p.m, r.p.m. r.p.m.
3 1256 2 370 2,850 3,500 1,010
9 40.5 Nl 10,800 13,000 15,800 18.100
15 12,5 30,500 40500 16,000 36,000 o
23 26t 86,500 109,000 130,000 ... ..
a1 480 179,000 225,000 - -
45 1012 140,000 555,000
63 2111 960,000
93 4340 2,250,000

In these tables, “bearing size” 1s the out-
side diameter of the bcaring surface of the
shoes; the collar is a hetle larger.  Numerous
other sizes are omitted. For two-shoe bearings,
the ratings given are averaged between those
for the smallest and largest shoe bores to
accommodate various shalt diameters.

The ratings assume that the cooling system
24 g S)

{air, watcr, or oil circulation) and the choice
of otl will result in a bath viscosity of 150 to
200 Savbolt, at the actual operating temperature.
[n manne service, loadings should be more
conservative, and oils somewhat heavier, than
for land work. We should always be consulted
regarding the final choice of bearing siz¢ and
design for a new apphcation.




Low Frictional Power Loss

Though the loss due to oil film shear in a
Kingsbury Thrust Bearing is a calculable
quantity to be provided for, it is very small,
As previously stated, it represents a frictional
coefhcient of from .001 to .005 at the running
speeds of marine propeller shafts and hydro-
electric generators. It is believed to be the
lowest friction obtainable with comparable
security against failure.

As compared with less durable bearing
types, such as might be used on towboats,
fishing boats and other small vessels, invest-
ment in a Kingsbury 1s to be regarded as

insurance against loss of earning time neces-
sitated by repairs to the thrust bearing. The
same comparison applies to various types of
industrial machinery. For hydroelectric gen-
erators, for example, the saving in power loss
may be capitalized as part of the cost of the
entire power plant, since part of that cost 1s
neutralized by whatever power loss exists,
necessitating the construction of a larger plant
to deliver the rated output. In addition, the
lower friction of the Kingsbury Bearing indi-
cates that the oil films are thicker, and the
insurance against failure correspondingly greater.

Standard wvs. Special Designs

The 1internal parts of both horizontal and
vertical equalizing bearings (shoes, collar when
removable, six-shoe leveling plates and base
ring, three-shoe cage and leveling washer, and
oil controi rings) have been thoroughly stan-
dardized on the basis of long experience, and
cover a broad range of sizes. These standards
should be strictly followed.

Similarly, the various two-shoe adjustable
bearing units have been standardized, to meet
the usual requirements of marine service. For
dredge pumps and water turbines certain
standard options are available, chiefly in the
details of the journal bearings, and in the
lubrication and cooling systems. For any
specific application, we shall of course make
complete recommendations.

Again, we have standardized the self-con-
tained thrust and journal bearing units for
centrifugal pumps, and their companion inboard
journal bearings. See Figure 39, page 23.

Various shaft diameters are standard for each
size. Several oil cooler sizes are used, ac-
cording to speed and other conditions.

It 1s obvious that departure from the stan-
dardized parts and complete units will increase
costs, and in ordinary circumstances will delay
deliveries.

In general, 1t is best to think of special
bearings and mountings as something to be
used for machines requiring departures from
established practice, and where the quantities
expected are sufficient to warrant the extra
cost of development and machine work. Natur-
ally, no rule can be laid down regarding this:
the benefits to be gained by using a Kingsbury
Bearing in a given case may be enough to
overcome the cost even of a quite special
design. This has often happened, in our ex-
perience, when we have been asked to replace
a bearing of different type which could not be
depended on to carry its load.

Standard Guarantee

Any bearing or part furnished by us, which
shall prove defective in design, material or
workmanship, within one year after installation
and test, will be replaced without charge
f.o.b. Philadelphia, if returned to our factory.
No allowance will be made for labor or other

expense in connection therewith unless autho-
rized in writing by an officer of the Company.

For o1l coolers and cooling coils, in ac-
cordance with usual trade practice, there 1s no
specific guarantee period.
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Spare Parts

A Kingsbury Bearing correctly chosen and
installed, and properly supplied with oil, will
run indefinitely without sensible wear. If
failure occurs, it is usually due to lack of oil.
Resultant damage is usually hmited to the
shoes on the loaded side, which should be sent
back to us for rebabbitting. Sometimes the
collar must be refinished: this may be done
either by us, or in the field if our instructions
are carefully followed. Hardly ever is it neces-
sary to replace other parts. This may be con-

trasted with the fact that, with ball or roller
bearings, the entire bearing must be replaced
if failure occurs.

Accordingly, our standard proposals for
spares include only one set of shoes, plus collar
(if separate) for very responsible service. For
journal bearings, the usual spare i1s the lower
half of a split shell where that part is removable.
Spares for marine use are governed by the
American Bureau of Shipping or other applic-
able regulations.

Data Needed With Inquiries and Orders

In order to advise regarding the selection and
mounting of a Kingsbury Bearing for a new ap-
plication, we should have the fullest information
regarding conditions of use. Thisalwaysincludes:

Thrust load;

Shaft diameter through bearing;
Revolutions per minute;

Is shaft horizontal or vertical?

In addition, the kind of service should be
stated, and the general arrangement of the
machine should be sketched or described, with
space limitations indicated. Journal bearing
loads, when applicable, should be given. It is
helpful to know whether water cooling, or an
external oil circulating and cooling system,
1s available; also whether the water (if used) is
fresh or salt, clean or dirty.

Kingsbury Experience

Since its beginning, the experience and re-
search of the Kingsbury organization have
been devoted solely to the development of
oil-ilm thrust and journal bearings. Such
bearings may be found today on the propeller
shafts of thousands of ships of the U. S. Navy
and merchant marine. They are in land and
marine turbines developing millions of horse-
power. The same type of bearing is used in
thousands of centrifugal pumps and similar ro-
tary machines.

Out of that specialization have come various
patents, issued and pending. Some of those
patents, now expired, have contributed to the
enrichment of machinery design.  Others,
including a number on recent developments
and special uses, are still active. But beyond

any question of patents is the matter of
specialized experience.  That 1s often the
difference between the bearing which works
well on paper and the bearing which works
well in the power station or in the anxious
tryout of some newly-contrived machine. The
machinery builders who go to the originators
of a precision-built component —whether a
machine tool or a thrust bearing—do so for
much the same reason that jewelry manu-
facturers go to diamond cutters for precious
stones. They know that there 1s something in
long experience which cannot be expressed in
blueprints. That indefinable something —call
it what you will—may help to explain the
strikingly successful performance record of
Kingsbury Bearings built by Kingsbury.
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