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I, INTRODUCTION

The aim of the author in preparing this thesis is to compile
informetion gained from research amd from personal experience that will
assist the executive, engineer, designer, machinist, and the maintenance
man in solving problems ef both a techmical and practical nature. A
drief historical outline is included to broaden eme's comcept eof the sub-
jeet and to provide am interesting bdackground. A cemsiderable number of
tabulations, diagrams, drawings, and phoetographs are used to illustrate
various principles and facts and to guide one in the solutiea of everyday
prodblems.

A subject of this nature cannot be covered by a few simple
statements. To cover the subject in its entirety weuld bde an endless
task. There is a wealth of theoretical infermation available in techni-
cal publicatioms, particularly of receat years. Engineering text books
give brief and fundamental principles. Many handbooks give valuable
tables and empirical formulas principally for the designer. There ap-
pears to be a decided need of correlation between the two, especially ia
the form of a single treatise. It is hoped that this work will be eof
value in fulfilling this need.

Many references will be given to form a basic network of the
subjest. The author's personal experiences and observatieams are given
with the thought that they may prove of some worth in formmlating more
sceurate conceptions. Asknowledgment is heredy givem the Consumers Power
Company of Michigan for she opportunities presented the author. During
the peried of four and eme-half years, ever 16,000 industrial metors were
shanged over from 30 to 60 cyecle service. Mny problems involviamg bear-
ings and their lubrication naturally occurred, from which the auther was
privileged to gain first-hamd experience. This experience has beea a
valuable aid in formmlating the text of this work.

II. HISTORICAL

Ancient machinery censisted of simple pulleys, windlasses,
sarts, and sleds roughly mede from woed, and if lubricated at all, were
packed with animel fat er tallows The chariet found in the Egyptiaa
temb of Yuss and Thuiu abeut 1400 B,C., still had some ef the eriginal
lubricant om the axle. ILucas, the Official Chemist eof the Caire museum,
analyzed the lubricant and indicated it to bde either a mutton er beef
Sallow, either eme of which weuld have been suitable in such a warmm cli-
mate.

On the inmer wall of the Rgyptian temb Tehuti-Hetep appears
a desoration inseribed adbeut the time of Joseph, 1650 B.C,, showing the
method of lubricatiom employed in moving the great stome statues® This
appears to be the earliest historical record ef the use of a lubricant.
The Egyptians had available nearly every animal oil and fat, as well as
at least thirteen vegetable eils of eur time which were used for food
and feor the arts.



Here of slexander wrete about 150 B,C., illustrated and de-
ssrided a fire pump with brense eylinders bered im a lathe and equipped
with pistens and rods whiech were "rubbed with oil" aceording te a later
writer. The o0il was undoudtedly animal or vegetable. The mamufacture
of petroleun was indicated by Herodotus, 484-424 B.C., dut its general
use doces not appear until Dr. James Young in 1847 found petroleum in
Derbyshire, England, frem which he obtained a heavy lubricating eil dy
destructive distillation. In 1763, James Watt became interested in the
steam engine and among ether things perfected a device for feeding
molted tallow te the pistom and eylinder walls. FNor over half a century
tallows were used for this serviece.

About the year 1800, or shortly before, there was a general
reawvalening of mechanics and the use of machinery. In machine shops
lard oil was the universal lubricamt. Sperm eil held supremacy for lube
ricating light high speed mechanisms. FYor heavy machinery, beef and
mtton tallews were found most suitable. At times chunks of pickled
side pork with the hide and hair left en were found te be satisfactery.
The author fimds that there are still men living who used strips ef perk
rind with flax yara iz packing pisten reds of water pumps, as late as
thirty years ago.

In 1870, Gramme was given credit of producing the first cem-
mereial elestrical machime for comtimuous operatiea. By the year 18885
elestrical machines were being rapidly developed and the use of minersl
oil was quite general. In 1886, Osberne Reynolds established the faet
mathematically that a well-lubricated journmal rotatiag at a fair speed
becomes automatically separated from its dearing by a film of eil umnder
pressure and that the functional resistanse is then due entirely te the
viscosity of the oil? '

III. THE ELECTRIC MOTOR AND ITS8 BEARINGS

The elestrie motor today, some forty years after its intro-
duetion to industry, oceupies a preeminent place ameng power drives.
It has virtually supplanted all other devices except the gasoline and
the steam engine in remote instances. This is due to several reasoams,
chief of which are its versatility, simplicity, dependability, and lew
maintenanee cost., It also possesses good speed regulation character-
isties, occupies little space, and its energy supply is comparatively
simple. However simple and reliable it may be, it is mot without its
faults., Like all machinery it is subject to wear and the consequent
depreciation. The quality of materials and workmanship is often gquite
variable, as well as the matter of designs. In examining the phote-
graphs in the appendix ene will note in particular the wide variance
in oil grooving. The proportions of length te width and other details
of censtruction show a decided lack of standardizatiea.

In she design of motor bearings there are certain fumdemental
requirements that canmet be fulfilled in the ideal menner. A number of
compromises must be made. There is a decided gap between eptimm



conditions and actual running conditions, Laws governing optimum con-
ditions do, however, serve as a guide or reference standard and aid ones
conception of the hydrodynamic action taking place. Empiricel formulas
are very useful and for all practical purposes are sufficient. An under-
stending of the theory of lubrication is oftentimes a very valuable aid
in solving bearing and lubrication problems,.

IV. THEORETICAL ASPECTS OF DESIGN

There are several most excellent articles covering the mathe-
matical snalysis of the hydrodynemic theory of lubrication. They can
easily be found in our public libraries and will, therefore, be omitted
here because of their great length, References to them, however, will
be made end a rather complete list will be found in the appendix. A
very complete methematical analysis will be found in A.S.M.E. Trans-
actions developsd by Cardullo? By the use of differential and integral
equations he arrives at certain formulas of fundamental significance.
His work is recommended where a very thorough analytical concept is
sought. The first reel explanation of the fact that oil is able to in-
sinuate itself between the rubbing surfaces of a journal and its bearing
while carrying a heavy load, is aceredited to Roynolds‘:’ However, Reynolds
assumed the bearing to be of infinite width. In actual practice there is
considerable side leakage. Michell developed the theory and solved the
problem for finite width,

Kingsbury has written several articles of a highly technical
nature covering both the bearing of infinite width and of finite widtn®?’
In order to simplify the integration of mathematical formmlas, Kings-
bury resorted to an eleetrical integration method. The most recent de-
velopment along this line comes from Needs, of the Kingsbury Machine
Works, who also used the elestrical integration method? Needs lays
particular emphasis en the effect of side leaksge. His article is par-
$icularly valuable for the design of large turbine and generater bear-
ings where mechanicel construction end eperating conditions more nearly
approach the optimum., ¥Yor graphical otgdios of journal bearings,
Howarth has mede veluable contributions: Karelitz also shows bearing
performances im graphical formsi® One of the most outstanding articles
ef a more practical nature was made by Horur}l Hersey's work gives
mich experimental data from which empirical formilas are derived.

One of the most ingenious methods of obtaining astual pres-
sure distributions was devised by McKee-McKpe of the Bureau of Stand-
ardsl? Their charts will be very useful in pointing out certain fea-
tures in the construction and operatiem of eleetric motor bearings.
Two sets have been photographed and are shown es Figs. 1 and 8. Ref-
erence will be made to them subsequently.

¥, PERFECT AND IMPERFECT QONDITIONS OF LUBRICATION

The foregoing refsrences are all based on the assumption that
the rubbing surfaces are completely separated by a film of oil. Such
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is not always the case, however, in practice. Because of misalignment,
improper oil grooves, adverse loadings, inadequate supply of lubricant,
and other conditions, there may be a partial metal-to-metal rubbing.

Of course during starting and stopping there will always be metallie
contact., The author has made tests on motors in operation using an
electric eircuit with bell alarm and has found the surfaces to be en-
tirely separated by a film of oil even under heavy belt pulls. The
tests were made on motors with bsarings in good condition. The author
has concluded that the bearing and journal of the modern electric motor,
when constructed in accordance with scientific principles, does give re-
sults eagreeing clossly with conceptions of perfect lubrication.

Investigations have been made by McKse-McKee to determine
frictional characteristics with loads sufficient to cause rupture
The loadings used were many times greater than those imposed on an elec-
tric motor, being on the order of several thousand pounds per sq.in. of
projected area. While it is possible to earry tremendous loads on a
journal bearing under favorable conditions, it is advisable to use
values somewhat under 100 1b., for electric motors.

VI. PRACTICAL CONSIDERATIONS IN BEARING DESIGN

The oil is supplied to the bearing by means of the conven-
tional oil ring in motors renging from about one horse power upward,
Above about 25 horse power, two rings are generally employed. Built-in
type motors, those whose bearings are in reality a part of the driven
machine, may be lubricated in a number of different ways. Those driving
large air and ammonia compressors will ordinarily be of the forced feed
type. TFractional horse power motors are almost universally oiled by
means of a felt or wool pad, or wicke The quantity of oil required by
these small motors comes well within the capecity of the wick., One ad-
vanteage of wick oiling is that the motor can be operated in almost any
positien. Wiek-packed bearings have proved to be entirely satisfactory
in practice. Karelitz has investigated the performance of waste-packed
bearings and his publicatiomnlBshould be of value to the designer. Ring-
oiled motors mst, of ocourse, within close limits be operated in a given
positiom and with the shaft horizontal,

Many designs of rings have been tried in an effort to increase
the o0il delivery. TFige. 3 shows six types of rings and their cross sectiams,
four of which are in general use. They are ordinarily mede of brass or
bronze; however, one will occasionally find rings made of compositiens
resembling bebbitt. Type (e) is made from two narrow conieal-shaped
washers of steel tack welded together., Types (a), (b), and (¢) are com-
monly used; (e), seldom; and (d) and (f), rarely. (a) and (c) are umni-
versally used where jointing is necessary as im split type bearings. So
far as the author is aware, no tests have been made to determine the oil
delivery capacity of variously shaped rings. The performanse of oil ring
bearings has been investigated, howeverl® While ring oiling may not pro-
vide as copious a flow as some other methods, experience has shown it to
be emple.



Once the lubricant has deem supplied to the rudbbing surfaces,
the hydredynamic action is depended upen to suppert the load. It is net
at all rare to find motors that have been in operatien for tweaty years
or more without bearing repairs. Oa the ether hand, bearings have been
knowa te fail after emly a feow hours of service. Bearing troubles and
remedies will be discussed later.

VII. LUBRICANTS AND LUBRICATING EFFICIENCY

The ludricant almost umniversally used for motor bearings is
e petroleum o1l having a viscosity of 135-140 Universal Saybolt at
100° 7. If absolute viscosities are knowa er determined from caloula-
tien, they can be converted to commercial viscosities by the use ef
Tig. ¢ which alse gives relatiens betweea the varisus commercial systems.
The eil should be well refined, free from suspended matter, water, aeciq,
and vegetadble or animal eils. '

Tor low temperature operatien, an oil having a vissosity eof
105-110 Saybolt at 100° ¥, and a cold test of -20° ¥, is better suited.
For the unusually high temperatures, a viscosity of 160-165 is more
nearly correst. Practical kmowledge and good judgment must be used at
times when unusual conditions of operation prevaeil, In general the
three grades just given will be adequate for temperature ranges frem
«20° to 120° ¥. Theoretically for maximum lubricatien efficiency there
is s certain film thickness which is dependent upon temperature of the
film, the operating viscosity, the rubbing speed, bearing clearance,
and widtk of dearing. Obviously it is impracticadble to maintain maxi-
mm efficiency. An experienced person can, however, judge the oper-
ating viscosity by observing the astiom of the riag and oil. If the
astion is sluggish, due to the oil retarding the ring, then a lighter
bedied o1l should be used. If the action is lively, but the lubricant
appears watery, a heavier oil is required.

There is a very important physical sharacteristic eof mimersl
oils that should mot be overlooked; namely, the difference im the rate
of change of viseosity for given temperature changes. An asphalt bage
0il may have a viscosity twice as high as a paraffin base eil at 100°F.,
at when cempared at a temperature of 150° ¥,, they will be approxi-
mately the same value,

Let us now consider a number of conditions affecting the eof-
ficienoy of lubrication. There must be reasonable tolerances in the
diamsters of the journal and bearing bore. Table I shows those used
%y one of the leading mamufucturers of electrical machineryl> Whea the
meximum clearances shown in the table have become doubled due to wear,
the author considers new bearings to be necessary if good operating
conditions are to be maintained. The accuracy of alignment of the
bearings with the jourmal is oftentimes very imperfest in practice due
%0 errors of maechining and methods of mamufacture. The error of mis-
alignmeat is for the most part overcoms in large motors by the use of
®self-aligning bearings. Misalignment ecauses concentration of bearing



pressures and results in undue wear of the rubbing surfaces. The finish
of the rubbing surfaces as left by the manufecturer is ordinarily goed
enough; however, grit in the bearing may leave the surfaces in such a
roughened conditiom as to greatly impair the bdearing efficieney. Fig. $
shows a bearing and journal whose surfaces are in good sondition. PFig. ¢
shews the journal after grit had damsged the bearing. Fig. 7 shows a
badbbitt=lined dearing after scoring due to grit. Fig. 8 is a journal
that has been badly pitted due to electric curreats. Fig. 9 shows a very
bad case of electrical pitting of & bearing. Fig. 10 shows a journal and
its bearing that have become damaged due to slipping of the eil ring.
Tig. 11 shows a bearing whose efficiency is greatly reduced by very bad
oil grooving and electrical pitting. These cases just cited are for the
most part extreme examples, but they are introduced here to show what omne
actually finds in practice. They will be discussed mere in detail later
on, The oil ring may perform badly due to being rough or out ef roumd.
Tig. 18 is a photograph of an oil ring takea from a large bearing showing
the offect of dancing, which is detrimental to good eil delivery.

In additiem to the above msntioned causes of poor efficiency,
the author has fowmd in bearing housings large quantities of such foreiga
matter as bronze or babbitt particles resulting from wear, dirt from the
atmosphere and surrounding odjects, water, mwdust, flour, ete. While lin-
seed 0il may not be considered a foreign matter, the suthor has astually
found bearings in which this ¢il was used., It is not at all remarkable
that motor bearings oftentimes rum poorly but that they rum at all,

As previously stated, a good motor lubrisant should be a well-
refined mineral oil, free frem suspended matter, water, aecid, vegetabdle
oils, and animal eils. By suspended matter is meant, foreiga substances
as dirt and particularly grit. Water and acids cause rusting or otherwise
attack the metallic rubdbing surfaces. Vegetable and animel oils turn ran-
eid, theredby causing gumming and the formation of free fattiy aecids. A
most excellent beok for ome interested in making tests of lsbricnting oil
1s written by Battle and is obtainadle in public libdrariest

YIII. ¥ AFYFECTING LOAD CARRYING CAPACITIES

The ability ef a dearing to carry loads depends upon ten gen-
eralised prineiples, some of which have already been teuched upon. These
principles have been laid dowa by such prominent men as Tower, Thurstonm,
Goodman, Lasehe, and Stribeck, Bierbaum has organized these prineciples
and tabulated them as follows

1, The bearing surfaces are completely separated dy a sup-
porting film of oil, .

2. The frictien of eperatien is the fluid frictien im the
oil film, and adequate thickness of film is essential,

S. During construction, proper clearance or space should
be provided for a normal thickness of oil film.



4. The advance edge of a bearing surface must be rounded
or chamfered off in order to permit a supporting film
of eil te form,

8. The eil film forms most effectively upon a bearing
surface whose advance edge is at right angles to the
direction of motion.

6. An increase in speed increases the thickness of film,
all other cenditiens remaining constant and clearance

permitting,

7. An increase in the viscosity ef the efl inereases the
thickness of the film, all other conditions remaining
constant and clearance permitting.

8. The larger the unbreken film of oil, the greater will
be the average pressure supporting capeacity per umit
area, other conditions remaining censtant.

9. Every unnecessary oil groove er utimption in the
eontinuity of the oil film reduses the supporting ca-
pacity of the film,

10, TFor every bearing cendition there is a film thickness
correspending to maximum ludricating efficiency.

It will be seen from this tabulatiom that loed carrying abil-
ity 1is effected principally by feur oconditions; namely, rubbing speed,
viscosity of lubdbricant, film thickness, and area of unbroken oil film.
Of these four conditions the viscosity of the ludricant and the film
thickness have already been decided upon fer eleetric motor operation.
In the matter of actually measuring the bearing clearance, the author
has found the lead wire method to be the most reliadle and most exped-
ient, FXig. 13 shows a large bearing with a lead wire at the right be-
fore squeezing, and at the left after squeezing. By measuring the
flattened wire, the exaset clearance is determined. By this method the
bearing and journal need not be removed from the motor. The bearing,
of course, mist be of the split type when this method is used. Due to
irregularities ef the rubbing surfaces, measuring the bore and journal
diameters separately with micromsters may prove labdorious as well as
misleading, ,

Perhaps the greatest contributing cause to poor lubricatiom
in elestric motor bearings is found in the use of improper eil greoves.
Considerable attention has been given this matter by the author whe has
had a great memy bearing troudles to investigate. Figs. 14 to 28 incl.
are photographs taken to show the various oil grooving systems actually
found {n practice. The most elaborate grooving is shown in Pig. 11,

We have here a display of almost every eonceivable oil groeve, good and
bad., Neo attempt will be made here to analyse the effects of each and



every type shomm. It is doubtful if such an analysis would prove more
then the fact that most of them are bad., It is apperent that there is
a very decided need for a better understanding of the prineiples of lub-
rication among those responsible for design and comstruction. Fig. 28
shows two die-cast bearings whose eil grooving conforms to correct prin-
ciples. Tig. 29 shows the type adopted by the Frequency Change Depart-
ment of the Consumers Power Company after a thorough study had been made
of oil greoving systems, This type of bearing has proven satisfactory
where severe loading conditiens caused other bearings with bad grooves
%0 fail. This bearing can be made in an ordinary lathe and does mot re-
quire any special equipment other than a boring dbar with suitably shaped
end for cutting the longitudinal distributing grooves.

In order %o show the effects of oil grooves running through
pressure areas of the oil film, Fig. 30 has been constructed using lines
of equal pressure similar te those shown im Fig. 1 (o) and Fig. 8 (e).
It might be explained here that the difference im the pressure distri-
bution lines between the two diagrams is caused by differences in clear-
ance, speed, and viscosity. large clearances and slew speeds cause
localized distributions with elliptically shaped pressure lines, small
negative pressure areas, and high maximum pressures. High speeds and
small clearances give more extensive areas with lines that tend to be-
eome rectangular, large negative pressure areas, and lower maximum
pressures.

It will de noted that the so-called “generalized operating
variable” ZN/P is nearly equal in both cases. Im this expression Z =
absolute viscosity, N = revolutions per minute, and P = unit pressure.
This expression is somewhat of a eriterion for bearing design that has
coms into use in the last few years. Previously, the equation P¥ = C
was generally accepted as expressing the carrying capacity of a bearing.
In this formmla V 2 velocity of rubbing surfaces, and C = a constant.
In the author's epiniem, neither of these are sufficient to express the
performance of a bearing, nor are they sufficiently inclusive for a
legical design.

Tarning now to Fig. 30, suppese an 0il greoove were cut eir-
cumferentially from A to B, as shown dotted in (4), pressures would
then drop $o sero on each side of the groove throughout its length re-
sulting in a very great loss in load-carrying capacity. If curve K,
in (B), represents the average axial pressure distribution before cut-
ting the groove, and curves ¥ and G after, then the shaded area repre-
sents the loss in capacity, The bearing then becomes equal to two
narrow bearings of half width. Suppose now that a groove is cut across
the bearing from C to D instead, if curve H, in (C), represents the
Aigtribution of the average circumferential pressures before cutting
the groove, and surves I and J after, then the difference in area under
H and the sum of areas under I and J represent the loss in capacity.
The difference obviocusly is very great and is represented by the shaded
area L.



Such a bearing as showm in Fig. 11 would have pressure distri-
bdutiens that are compenents of (B) and (C) im Fig. 30, resulting in very
poor bearing efficiency in general. The -edges of the greoves im Fig.ll
are extremely sharp and naturally they act as scrapers.te remove the oil
from, instead of aiding its delivery to the rubbing surfaces.

Even with the most favorable design of eil grooving as in
Fig. 29, it is possible to have adverse conditions especially when the
Journal thrust is against eme of the horizontal distributing grooves
and the retatiem of the journal is such that oil delivery is toward this
greove. This condition is indicated in Pig. 31 although the journal is
shewn ecentral. Better lubricating conditiens weuld be had if for a
journal thrust shown the rotation of the shaft were left hand instead
of right, 01l weuld then enter where the clearance is nearly a maximmm.

It is desiradle to have the distributing grooves terminate a
shert distance before the drain grooves are reached to aveid direet less
of 01l to the housing er well. The draim grooves should be cut clese
t0 the end of the bearing in erder to give the maximm effective area
for the lubricant. Ia caleulatiems invelving prejected area, the width
of the bdearing sheuld be eonsidered as the width between grooves and
net from end to end of the bearing. In solid type bearings the distri-
duting grooves ean de carried well abeve the center of the bearing as
showa in Fig. 31 and thus be mere effective against horizeatal jeurmal
thrusts,

IX. PRACTICAL BEARING DESTONS

Having deseribed operating conditiens bdoth good and bed, the
questien arises how best to arrive at a rational design. Solutions by
higher mathematics are of little direct value. At best they serve as
a guide only. Eapirical formlas, if well chosen, are sufficiemnt,

The author has selested formulas based upen experimental data and has
drawn gurves by which ene can readily solve for load-carrying capacity
and for operating film temperatures both eof which are limiting factors.
If the ratio of the width of the bearing te the diameter of the jourmal
is kept approximaiely three to ome, and standard initial clearances as
shewn in Tadle I are employed, the design will eome well within the
limits of good practice. It is presumed that the shaft has already
boon designed for sufficient strength and rigidity. There is also the
mtter of critical speed te de investigated. Fig. 32 is included in
the appendix for this purpose. It is self-explanatory and needs mo
explanation here except to say that the oporatinﬁ’lpnl should be kept
from 15 to 20% abeve or belew the critical speed.

The formulas selected for bearing leadings are based on tests
made by Alford,whose work stands undisputed and is often quoted as
authoritative & The curve, Fig. 33, was constructed from three formmlas
after changing slightly the constants of two of them im order to meke
a smooth contimusus eurve. The ehanges made were 7 to 7.23 in the
forsmla W= 7]V and 30 to 29,4 in W= 309V . The curve has a fastor
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of safety of twe. The critical breakdown values are twice those showm,
By selecting factors of safety to suit operating conditions, the unit
bearing load is readily obdtained. It is understood that the General
Electrie Company uses these formulas im their designs.

The next step is that of determining the temperature rise or
the temperature of the oil film., Kimball & Barr gives two very useful
formulas for the generation of heat, which are as follows:

Yor speeds up to 500 ft. per minute

uwl’ = 8¢5 '1.5 e o o o o o o o o (1)
t - 32

Yor speeds adove 500 ft. per minute

aw¥ @ 5103 v e o o o e o o o . (‘)
t - 32

in whieh

u = coefficient of frictiom

w ® pounds per sg.in. prej. area

Y = rubbing speed im ft. per minmute

t = temperature in degrees ¥. of oil film

The quantity uwV represents the heat generated in feot pounds per minute
per 8q.in, of prej. area. From page 126 of the same source we find
surves giving the heat readiated from various types of bearings exeept
that no mention is specifically made of elestrical moter bearings.
hutnilorugivu K = 1150 for General Electric well-ventilated bdearings
ia the formula

Q | J (To * 83)’ ° ° ° L] ° ° ° ® o (3)
K

ia whieh

Q = radiation in ft.lbs. per second per sqg.im. proj. area
Te = difference in temp. between the bearing and ceoling
medium

Pig. 34 shews the surves reproduced dbut with slightly different termi-
nology to correspend with this text. Curve ¢ was constructed from
formala (S) in which K « 1180,

Bguating the heat gemeration formmlas (1) and (2) respectively
t0 the heat dissipatien formmlas, we get for speeds up to 500 ft. per
min.



60 x!.!_s__'i._s.- (!’+a)z e o o o o o o o (@)
t-3% ~— x

end for speeds greater than 500 ft. per minute

60 x SL2 ¥ _ (T, + 33)3

T - 32 3 o o o e o e o . (5)

Letting Tg = ¢ - tx in which t, = room temp., and letting K = 1150,
formlas (4) and (5) become

for speeds up to 500 ft. per minute

2 o
=5 bl = T

for speeds abeve 500 ft, per minute

0 (s-t 43233 _ s12v ., .., .,
ks ey ik

It is a very common belief that the load carried by a bearing
determines the heating. To the contrary, it has been proven that in
perfeetly lubricated bearings the generation of heat varies with the
speed of rubbing. This significant fact is due to the reduction of the
coefficieont of friction with inerease in load such that for a given
velocity of rubbing the produet of the coefficient of friction and the
unit load is constant.

The running temperature of a bearing depends upon the quantity
of heat generated and the quantity radiated. Obvicusly the temperature
of the rubbing surfaces will reach an equilidbrium whemn the rate of heat
goneration is equal to the rate of dissipation,

The generation of heat in a journal bearing is a funsction of
the viscosity of the lubdbricant. In ehecking over the experimental data
from which formulas (1) end (2) were derived, the viscosities were found
t0 check closely with oil speeifications given on page 5, so that the
formilas have a direet application to elestriec motor bearings.

There appsars to be no appresiable difference im the radiating
surfuces of General Electriec motors and those of other manufaeturers in
the same sizes. Therefore, curve 4 of Fig. 34 can be regarded as repre-
sentative for elestric motors generally. Equations (1) and (2) together
with the curves of Fig. 34 can de used to solve prodlems involving
bearing temperatures for elestric motors, as well as for other types of
journal bearings, but the process is one of cut and try. Equatioms (6)
and (7) for electric motors only are difficult of direct mathematical
solution. The author has constructed the curves of Fig. 35 by using
equations (6) and (7) which grestly simplify the work. Having given
the rubbing speed and the room temperature, the corresponding oil film
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temperature is at once determined. If the film temperature is over
140° ¥., artificial cooling should be considered. Increasing the turbu-
lence of the air around the bearing by adding fan sapacity to the roter
may be sufficient,

Occasionally a vertical bearing ef the journal type is em-
countered., The same general laws govern the design of this type also.
In order to distribute the oil te the rubbing surfaces, it is common
practice to cut a spiral groove in the journal in such a direction as
t0 elevate the eil. Such motors are therefore unidirectionsl. Pig. 36
shows a vertical bearing of a grinding mschine which happens te be belt
driven. There is little difference, if any, between this bearing and the
one used when the pulley is replaced by an elesctric motor. The clearance
of this bearing is regulated by raising er lowering the bronze bushing.
It is very important that the eperator ef this machine be thoroughly
familier with its construstion. If the dushing is too loose, oil will
run out of the bearing at the lower end. If too tight, severe damage
may be done by everheating amd seizing ef the rubbing surfaces.

X, BEARING MATERTALS

The question often arises whether bearings should be babbitt
or bronze lined. At first thought it weuld seem advisable to use a
material that would met allow the rotor to come in contact with the
bore of the stator in case of failure. The writer has known of a large
number of motors whose babbitt bearings have been everheated or other-
wise worn se that rubbing of the roter toek place. In no instance was
there any appreciadble damage done. The motors simply became overloaded
and blew their fuses or they would refuse te start. If the bearings
gredually went doewn, some evidence of everheating ef the stator er un-
due noises gave sufficient warning.

Bronze bearings due to their higher melting peint de not fail
quickly. Evidence of failure usually shews itself by overheating eor dy
seizing to the shaft and stopping the motor. It is frequently feund that
the shaft bhas been scored badly, a result that is seldem found with beb-
bitt unless abrasive material is present.

In s0 far as ludbricatien is concerned there is ne appreciadble
advantage in either babbitt or dronze if the bearing is properly de-
signed and lubricated so that the load is sarried hydrodynamically.
Generally speaking, bearings under two inches in diameter are made of
bronze while those over that size are made of bdabbitt., Babbitt re-
quires a steel or iren supporting shell and is, therefere, impracticabdle
12 the smller sizes. Bronze sleeves require no extra suppert, dut the
quantity of metal necessary im the large sizes makes them toe costly,

There are a groat many varieties of badbitt metals on the
market. The cheiee of a suitable grade bdecomes rather perplexing if
the advertised claims for each brand are taken serieusly. The most
Yaluable guide found is shown in Table II which was taken from an
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A.8.T.M, pnblicationfz The range is sufficient to cover all practical
purposes. The table gives all the physical properties necessary to
charscterize each kind, provided the babbitt has not been overheated end
is poured at the correct temperature.

The range extends from high tin base alloys to those of high
lead. The dividing line betwsen the tin base and lead base babbitts is
between No. 5 and No. 6, It will be noted that there is a decided
ehanging over from a preponderence of tin to that of lead at this point.
The antimony content remains virtually constant for alloys below No. 3.
The physical properties for alloy No. 3 have the highest values almost
throughout the entire range. Because of the high percentege of tin in
this alloy, it must, of course, be comparatively expensive. It is under-
stood that this alloy is the same as General Electric Company's babbitt
No. 17. Where extreme conditions of service prevail, alloy No. 3 should
give excellent service; however, there are lead base alloys which are
perfectly suitable for services where resistance to shock, toohigh tem-
peratures, and toohigh unit loads are not limiting conditions. Alloy
No. 3 is particularly suitable for airplanes and sutomobiles where bear-
ing loadings may run as high as 3000 lbs. per sq.in%> where operating
temperatures are high, and where a high degree of toughness is required
to resist shock, It is a very good alloy for electric motor service,
but a less expensive alloy such as No. 5 or No. 6 should prove entirely
suitable considering the fact that loadings seldom exceed 100 lbs. per
8q.in,

WestinghouseZ4has two grades of babbitts for electrical ma-
c¢hinery., Their alloy No. 25 is of the lead dase types while their Fo. 14
has a tin base. Their general catalog states that their lead base alloy
has been used successfully for many years in the manufacture of motors,
generators, turbines, and other elestrical equipment., They recommend
their tin base alloy for excessive pressure, vibration, high speed, and

heavy duty.

¥ig. 37 reproduced from Westinghouse instructiom book shows

that a lead base babbitt may be superior to certain tin base babbitts
in resisting impact loads. This is very interesting because a tin base
alloy is ordinarily considered to dbe superior. Another sourceZ shows
that the addition of lesd in amounts of 1, 3, and 5% to a tin base bab-
bits aetnnlly inereased the hardness over a temperature range of 25° ¢,
t0 80° C., It is also shown that a lead base babbitt may be supsrior to

a tin base babbitt over the same temperature rangs and may closely ap-
)roaeh alloy No. 3 in Tadle II. These facts show that a lead bdase alloy
can be made that will compare favorably or even be superior to some of
the tin base babbitts which are more expensive.

The Question erises that if a lead base alloy has suitable
physicel qualities and only costs from 20 to 50% that of the tin base,
why is it not universally accepted as the standard for use in eleetric
motors. The answer, so far as the author can find, is because the lead
base alloys may be greatly damaged by improper temperature control
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during the pouring of the bearing while the tin base babbitts are gen-
erally much less effected, This characteristic is clearly illustrated
in Fig. 38, The proper temperature for pouring babdbbitts is shown in
Table II.

To avoid overheating babbitts, close temperature control is
essential, Whether of the lead base or tin base, they should not be
heated over 490° C. at any time. The time honored use of the pine
stick in hands of experienced and competent workmen to test proper pour-
ing temperature may be a fair substitute for electrically controlled
pots, but if any quantity of work is done of eny importance, pyrometer
control is necessary. The author has repeatedly observed babbitt heated
in an open ladle to a dull red color (650° C.) during the process of
babbitting. Such practice is, of course, detrimental to good results.

The effect of various constituents of babbitt are set forth im
Materials Handbook®as follows: Antimony imparts hardness and smooth
surface to soft metal alloys, it expands on cooling and unites with cop-
per to form a crystalline alloy having valuable bearing qualities. Lead
softens the mixture and raises the anti-frietién qualities and increases
fluidity. Copper hardens, toughens and raises the melting points.
Arsenic, iron, zinc, and aluminum are generally considered objectionable.

Bronze bearing alleys do not appear so involved and complex.
The physical properties of any of the bronze listed in Table III are
sufficient for electric motor use. The author'’s personal expsrience in
machining many hundreds of bearings of bronze has lead to the conclusion
thet a free turning rather tough bronze is sufficient, If the bronze
is too hard, the sand cast scale is very detrimental to the cutting tool.

The composition of a suitable bronze for electric motor bear-
ings would correspond to alloy, grade No. 2, of Table III composed of
80% copper, 10% tin, and 10% lead. The Amesrican MachinistZ0states that
this alloy is suitable for high shaft speeds and where journals are not
heat treated, The same source gives compositions of bronze ealloys having
tensile strengths as high as 33,000 1bs, per s¢.in. and compressive
atrengths up to 28,000 lbs., but no mention is made of the machinability
of such a bronze unless the Brinell numbers of 130-143 could be used as
an index. Alloy 2 of Table III has a Brinell number of 55 and no doubt
is readily machinable, The melting of bronze metals in the machine shop
is not to be recommended because some understanding of metallurgy is
essential, American Machinist states that laboratory control is neces-
sary to insure uniformity of structure. A bronze bearing, like babbitt,
is essentially a mixture of haré and soft crystals, the hard crystals
Yeing the supporting media for the load and the softer crystals being
the matrix in which the hard crystals are embedded.

There is one problem concerning bronze bearing alleys or per-
haps certain compositions, which the suthor has been unable to solve,
that is, what causes the bronze to shrink onto the shaft and seize
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upon overheating. In several cases the entire bearing surface of bronze
liners had to be scraped after seizure before the liners could be put
back onto the journal, It was necessary to remove bronze from areas
that had not seized and had previously run with sufficient clearance.
One experienced motor maintenance man of the author’'s acquaintance said
he had found certain makes of bronze would give this trouble and others
would not. The author intended to conduct certain experiments to de-
termine the ceuse, but time does not permit. A considerable amount of
research has revealed no mention of such a characteristic.

XI. BEARING TROUBLES AND REMEDIES

Bearing failures are not always caused by overload, lack of
oil, or grit in the lubricant, There is one cause that is peculiar to
the electrical industry and is known as electrical bearing currents.
Mr. C, T, harcoz’ gives a most comprehensive and complete discussion on
the subject and one interested will find his publication very enlight-
ening. Under certain conditions, bearing currents are induced in the
shaft of electric motors and generators by alternating flux linkages
surrounding the shaft., The flow of current through the bearing causes
pitting that is extremely detrimemtal. Insulating the bearings will,
of course, stop the flow of current and one will oftentimes find such
insulation used in large and important elestrical machinery. The pit-
ting of the rubbing surfaces is characteristie. An examination of the
pits reveals that they are minute eraters having raised edges. A micro-
scopie inspection of a pit well revealed that the metal was actually
fuged. It is not easy to find a pit in its original form due to wear
that takes place immediately after its formation., ¥Yig. 8 and 9 show a
journal and bearing damaged by electrical bearing currents and will aid
in the identification of such troubles. It will be seen that thsre is
very little circumferential alignment as in the case of damage done by
sbrasives (Fig. 6 and 10). It would therefore appear that the pits
were formed almost instantaneously. The raised edges of the pits act
as effective cutting edges and destroy the bearing at a very rapid rate.

In remachining the journal, the author has found that the areas
surrounding the pits are extremely hard and will dull a high speed cut-
ting tool s0 rapidly that very little progress can be made. The areas
are so hard that an ordinary file has very litile effect in removing the
metal., It is necessary to take a lathe cut of sufficient depth to get
entirely beneath the pits. The hardening no doubt takes place by the
metal cooling rapidly from fusion temperature $o that of the bearing due
to heat absorption of the shaft. Shafting materials have a sufficiently
high earbon content (approximately .40) to take on hardness under such
‘conditions. Insulation of bearings is not always sufficient, Large
water=cooled bearings having insulating materials in the pipe connections
have been mown to develop pitting. In such instanees contamination of
cooling water has been found sufficient to be a good electrical com-
 duetor. The question sometimes arises whether static discharge from
such sources as a belt drive may not cause pitting. It is believed not
because of an insufficient amount of heat to cause fusion of the metals.
If static from belt drives were to cause pitting, there undoudtedly
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would be mch evidence to support it because of the large number of belt
drives in everyday use.

Electrical pitting is not always caused by induced currents.
In motors having wound rotors of the repulsion-induction type, pitting
is very common, This is caused by defective short-circuiting mechanisms.
Current generated in the windings, in thess motors, flows through the
short-eircuiting device, through the shaft, through the bearing, thence
t0o the frame and returns to the windings through the commtator brushes.
Though the motor has a brush-lifting device, it is necessary for the
short ciruiter and the brushes to be in contact with the commtator for
a short period of time while the motor is accelerating during starting.
It is during this interwal that the damage is done. When ball bearings
are used, the damage is much more severes and pronounced. Large slip
ring motors are also subject to this trouble.

XII, FITTING OF BEARINGS

There are several errors entering into the machining of bear-
ings, particularly in the boring reaming or otherwise ecutting the metal
from the inside surfaces. The journal lends itself well to turning or
grinding because its surface is external. The hole in the end bell of
the motor and the hole in the bearing receiving the journal are quite
apt to have various irregularities due to the inherent tendency of
reamers to produce chatter marks and to cut a greater amount from one
side than the other if the bore surfaces are unsymmetrical and if the
end of the hole receiving the reamer is not square. ¥or instance, if
a bearing such as shown in Fig. 20, right, having a large cut-away sec-
tion for oil wick pecking were being reamed, the reamer would be erowded
off center toward the hole. Unsymmetrical oil groving produces the same
result. Considerable error due to both conditions acting together may
be present in a reamed bearing and becomes greater with increased re-
moval of metal, Holes in the end bells of motors are usually somewhat
out of round, oftentimes tapered, and in meny cases out of parallel with
the center of rotation of the shaft. Self-aligning bearings in the
larger motors are naturally free from the errors of misalignment, but
not necessarily free from other errors just mentioned. In practice the
errors of reaming are reduced to a practical minimum by reaming only
such small amounts as to produce a smooth fimish, usually just suf-
ficient to remove boring tool irregularities.

To produce a perfectly round hele by reaming requires con-
siderable attention %o the finer points of reamer construction and the
art of cutting metals. The usual run of expansion reamers are notoe
rieusly poor tools for precisiem work, They can, however, be made %o
produce reascnably sstisfactory work after hand stoning and by careful

manipulation.

It is a well-known fact that the cutting edge of a reamer
mnst have a certain small land just behind the sutting edge to prevent
the blade from "hogging in®, The width ef this land goveras largely
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the stability or firmess of the reamer in cutting. If too wide, the
reamer binds. If too narrow, it produces a haggled surfece. When the
width 1s right the operation is firm, cutting is free, and the hole has
a buraished appearance. Different metals, of course, require different
widths of lands.

The operation of boring in a lathe produces a hole whose aver-
age trusness leaves little to be desired; however, the surface finish is
ordinarily too rough for bearing purposes. Reaming or scraping is re-
sorted to for producing smoothness. For precise work the reamer is too
Sreacherous. Hand soraping using prussian blue or other suitable indi-
cator is to be preferred. It should be kept in mind that irregularities
of surface contour may reduce the load-carrying ability and mormal length
of 1life considerably. F¥ig. 39 shows the cross section of a one-bladed
reamer perfested by the author for reaming holes with the maximum degree
of roundness and of predetermined diameter. The enlarged section of the
blade shows the cutter having a land as descrided., The amount of clear-
ance behind the land is determined by methods used in manufacture and
has nothing to do with the cutting action. This reamer was designed to
have maximum support opposite the cutting edge so as to avoid chattering.
The reamer is of the adjustable type and is especially adapteble for
line reaming because of its inherent stiffness. With conventional type
milti-bladed reamers the fluting reduces the cross section so that the
reamer loses the necessary rigidity for line reaming when the bearings
are far apart as in motor comstruction.

The author has used the one-bladed reamer with marked success
in the making of precision target rifle barrels and considers this type
to be one of the most effective where precise reaming is desired.

There are a few fundamentals, however, that must not be over-
looked in its eonstruction and operation. Referring to Fig. 40, it
will be noted that the pilot is not a tight fit in the hole being reamed
either before or after the body makes contasct. Fig. 414 shows the pilot
supporting the cutter just prior to the bedy entering the hole. Fig. 41B
shows the body supporting the cutter and being guided by the fimished
hole while the pilot is relieved of the duty of supporting after the
reamor body has entered. The support of the cutter is directly opposite
the cutting edge sand the pilot enly serves as a guide in the axial di-
restion.

The cutting edge must overhand the reamer body slightly amd
its height H must be less than the clearance between the pilot and the
unfinished hole. If there is sny variation im heighth of the cutter,
1t must not be greater toward the middle of the body, otherwise the sup-
port of the body on the opposite side will be lost. It is desirable to
have the front end of the blade a half-thousandths of an inch or so
higher than the rear end.

Copieus lubrication should be applied so as to keep chips
from working under the reamesr body and producing an oversize hole or
she chip clearance groove can be partially filled with a rather sticky
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grease so as to hold the chips into the groove. This type of reamer is
intended for removal of very small emounts of metal at a time and will
produce excellent results in the hands of careful and competent workmen.

Line reaming is particularly desirable for fractional horse
power motors because of the inaccuracies found in present manufacture
probably due to circumstances resulting from competition. The mers re-
moval of the 0ld bushing and pressing in of a new one, even though the
new one is perfectly concentrie, usually results in a poorly aligned
job due to the inaccuracies of the machining of the end bells. With
small motors the line reaming method is the most practical., Large bear-
ings are best scraped in because large reamers are unwieldly and their
cost prohibitive unless large quantity production is being carried on.

The conventional type of bearing scraper does nicely in
scraping babbitt but when used on bronze it lacks rigidity, does mnot
have proper clearance, and cuts over too large a surface. The author
has been called upon a number of times to scrape in bronze bearings
that had seized to the shaft while running. The conventional type of
scraper was found to be of little value. By experimenting, a design was
worked out that gave very good performance. Fig. 42 shows a set ranging
in size from 6 to 14 inches, which was found suitable for both small and
large motor bearings. These were made from standard half round files
without drawing their original temper. They are used in much the same
manner as the conventional scraper. They differ in shape principally in
that there is no offset in the handle, are much wider across cutting
edges, and are more rounded at their points., Being straight in body
they are very rigid because the cutting edge is in direct line with the
points of support or operators' hands. The narrowness of the blade of
the conventional type gives very little clearance to the cutting edge.
On the other hand, with this type one can get almost any desired clear-
ance by using various portions of the blade., Near the point the blade
is narrow and the cutting clearsnce small, while toward the middle it
becomes grester. If the cutting action is not quite correect for a given
diameter hole and a given scraper, the next size larger or smaller scraper
will undoubtedly be found satisfactory.

When the bronze sleeve is firmly supported as in a vice, one
can literally cut shavings with remarksbly little effort. The cutting
edge is ground so as to have very little, if any, reke while cutting,
Too much positive rake causes chatter and gives the user a sense of poor
control,

XIII. FIELD PROBLEMS

Three causes of motor bearing troubles have already been men-
tioned; namely, the seizing of bronze liners, shaft scoring due te
foundry sceale, and failure due to electrical bearing currents. There
are also a number of other troubles. Loss of oil from a bearing is by
1o meens a minor one, The cause oftentimes presents a baffling problem.
Phe author has had first-hand experience with five causes as follows:
retor fan suction, foaming, ring throwing, vibrating shaft, and surface
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ereepage. One is quite apt to suspect the fan of the rotor especially
when rotor speeds are increased; however, it has besn found that they
seldom are the cause provided the bearing housing design is not at fault.
Only one case has been found wherein the fan suction was proved to be

the cause, Referring to Fig. 43, it will be noted that in the upper
part of the housing there is a hole through the central wall designated
as "pressure equalizing hole", When this hole is not present, or some
other form of air passage between the two compartments, a slight vacuum
on one side of the wall causes the 0il level to rise on that side and

to overflow through the opening around the shaft and into the motor.

The difference in pressure between the two sides need not be
very great to give a difference of say 1™ between the levels. Cases of
this kind are easily taken care of by providing a pressure-equalizing
hole. The only oil that can then be drawn from the bearing will be in
the form of a mist carried out with air currents. Air currents are re-
duced to a minimum or completely stopped with external air by passes,
as in the new Westinghouse design, or by sealing the opening around the
shaft with felt or other substances.

Occasionally what would appear to be fan suction is nothing
more than the use of too heavy a lubricating oil, High ring speeds are
quite apt to carry air into the oil at a higher rate than the air will
separate from the oil resulting in the formation of a foam which over-
flows the housing and becomes throwm into the motor windings by the
rotor. An oil of lighter body is all that is required as a preventive.

Quite often the speed of the ring is suffiecient to cause a
veritable shower of oil within the housing and in such cases the oil is
literally thrown out as a splatter. Globules of oil will be observed
to come out of the housing between the shaft and the opening for the
shaft. The use of a heavier bodied oil will oftentimes stop this trouble.
In some cases barriers are necessary and in other cases a felt seal is
required, depending upon the construction of the housing.

All motors ranging above the fractional horse power sizes have
0il slingers designed to return oil to the housing and also to eliminate
surface creepage toward the rotor. In cases where the oil ring is on
the side of the wall next to the motor, drops of oil may fall from the
upper overhanging portion ef the housing and hit upen therotating shaft.
If it strikes on one of the slingers, it will, of course, be returned to
the housing. If upon a straight portion,it will be partially throwa
into the motor., It is, therefore, proper in such cases to have the
slingers part in and part out of the housing as shown in Fig. 43.

A badly balanced rotor having a worn bearing has been known
to throw oil out along the shaft in spurts as the shaft whipped from
ene side of the bearing to the other. Balancing the retor, installing
a new bearing, or providing a felt seal will stop the leakage. It is
desirable to have the rotor in balance and to have a new bearing, but
oftentimes ‘a seal must be installed, at least temporarily.
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Surface creepegs 1s more or less prevalent in all motors.
Quantities lost are usually insignificant except in cases where the oil
level is carried too high in the o0il inspection cup. .The level is best
carried at least 3/8" below the top. O0il cups are sometimes omitted
and in their plase a rough hole is cored in the casting or a amall hole
is drilled through the housing. Surface creepage is usually bad when
sueh holes are provided. If the creepage is objectionable, standard oil
cups can ordinarily be fitted to the housing

Another serious cause of bearing failure is that due to defec-
tive oil rings., Oftentimes a failure can be traced to a burr on the ring
that happened to catch somewhere in the.ring slot and stop rotating. The
stopping is sometimes assisted by a cold viscous oil. The ring shown in
Fig. 12 was taken from a 300 h.p. motor running 1800 r.p.m. Bearing
trouble had not been experienced possidbly because the bearing had two
rings or perhaps the ring had never actually failed to rotate. On the
right of center will be seen a dright strip where slippage had taken place.
At the bottom will be seen a series of overlapping ripples similar to
ruts formed in a gravel road by auto traffic. Apparently there had been
severe slipping followed by combined slipping and dancing. The ripples
actually overlapped each other by the surface metal flowing from omne
cavity into the other. It will also be noted that the inside edges of
the ring had been left very rough from sutting off with a lathe tool.
This ring hed been made from a piece of brass tubing and was found to be
sonsiderably out of round. Rings should de round, of even cross section,
free from burrs, and made of a material that resists wear. Bronze is
the best material in common use at the present time,

From what has been written it is quite obvious that elestriec
motor bearings like other commercial products may be well or poorly made
from the standpoint of design, materials, and workmanship. Ome often-
times gots the impression upon the inspection of bearings, eand this ap-
plies usually to the whole motor, that there is always some one who san
Build a bearing a little worse and a little cheaper and still find a
sale for his producs.

In closing, the author wishes to express his earnest opinmion
that there is a need for stendardized practice among manufescturers and
a general enlightening of engineers and trades men toward bearing de-
signs and excellence of workmanship. It is hoped that this thesis may
in some mamner be used to bdring about this accomplishment,
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3.250 0.0005 3.254 0.002 .254 0.001
3.500 0.001 3.504 0.002 .504 0.001
4+ 4.000 0.001 .005 0.002 .005 0.001
/1 4.500 0.001 .505 0.002 .505 0.001
5.000 0.001 .006 0.002 .005 0.002
/s 5.500 0.001 .507 0.002 .505 0.002
6.000 0.001 .009 0.002 .006 0.002
7.000 0.001 .011 0.002 .008 0.002
8.000 0.001 .012  0.003 .006 0.002
9.000 0.001 .013  0.004 .006 0.002
1 10.000 0.0015 10.014 0.005 10.007 0.003
1 11.000 0.0015 11.015 0.005 11.007 0.003
1 12.000 0.0015 12.016 0.005 12.007 0.003
13 13.000 0.0015 13.016 0.005 13.007 0.003
14 14.000 0.0015 14.016 0.005 14.007 0.003
15 15.000 0.0015 15.016 0.005 15.007 0.003
16 16.000 0.0015 16.016 0.005 16.007 0.003
17 17.000 0.0015 17.018 0.005 17.007 0.003
1 18.000 0.0015 18.018 0.005 18.007 0.003
1 19.000 0.0015 19.018 0.005 19.007 0.003
2( 20.000 0.0015 20.018 0.0056 20.007 0.003
2 21.000 0.002 11.85 .% 21.007 0.003
22 2. g. . 22.007 0.003
23 23 .a .008 23.007 0.003
24 3 .008 24.007 0.003
25 25.020 0.008 ....
26 ".g .008
n 302 0008
29 .000 0.003 29.022 0.008
a g '-g 30.022 0.
4 .000 0. 31.022 0.
2..00 .003  32.024 0.
.000 0.003 33.024 0.010
.000 0.003 34.024 0.010
35 .000 0.008 35.024 0.010
36 36,000 0.003 36.024 0.010
Table I

CoOMPOSITION AND PHYSICAL PROPERTIES' OF WHITE METAL BEARING ALLOYs

LI e Toonber | Broper
. 2 = ; J ; el P
\ S~ e Covningtaton | Rt | M | Bl | Gk, | M | ol | S
. Ib. per sq.in.? Limit, | Ib. persq.in. Liquefac- ture
Alloy Specifie Ib. per sq. in.? S tion
Numb Gravity|
Anti- Anti-
Copper,| Ti Lead, | Tin, Lead,
' per | per [T per g e mony.| “per | 20° C.[100°C| 20° C.{100°C. 20° C.[100°C 20° C.100°C | P | Bk [ Pt | Des. | e | e
cent | cent | gop¢ | cent cent | cent | oeny | cent .
|
PR o 45 |91.0] 4.5 7.34| 4.56|90.9 | 4.52| none | 4400 | 2650 | 2450 | 1050 | 12850| 6950 | 17.0 | 8.0 [ 433 | 223 | ... | ... [ 825 | 441
89.0| 7.5 7.30 | 3.1 |89.2| 7.4 0.03[ 6100 | 3000 | 3350 | 1100 | 14900| 8700 | 24.5 | 12.0 | 466 | 241 | 669 | 354 | 795 | 424
83 | 83 |....| 7.46| 8.3 |83.4| 8.2 0.03| 6600 | 3150 | 5350 | 1300 | 17600| 9900 { 27.0 | 14.5 | 464 | 240 [ 792 | 422 | 915 | 401
75.0 | 12.0 | 10.0 | 7.52 | 3.0 | 75.0 | 11.6 | 10.2 | 5550 | 2150 | 3200 | 1550 | 16150 6900 | 24.5 [ 12.0 | 363 | 184 | 583 | 306 | 710 [ 377
65.0 [ 15.0|18.0| 7.75| 2.0 | 65.5 | 14.1 [ 18.2 | 5050 | 2150 | 3750 | 1500 | 15050| 6750 | 22.5 | 10 0 | 358 | 181 | 565 | 206 | 690 | 366
20.0|15.0 | 63.5| 9.33| 1:5 | 19.8 | 14.6 | 63.7 | 3800 | 2050 | 3550 | 1800 | 14550| 8050 [ 21.0 | 10.5 | 358 | 181 | 531 | 277 | 655 | 348
100|150 75.0 | 9.73| 0.1 | 10.0 | 14.5 | 75.0 | 3550 | 1600 | 2500 | 1350 | 15650| 6150 | 22.5 | 10.5 | 464 | 240 | 514 | 268 | 640 | 338
5.015.080.0)10.04| 0.14| 5.2 | 14.9| 79.4 | 3400 | 1750 | 2650 | 1200 | 15600( 6150 | 20.0 | 9.5 | 459 | 237 [ 522 | 272 | 645 | 341
5.0|10.0 850 10.24| 0.06 | 5.0 9.9 84.6) 3400 | 1550 | 2400 | 950 | 14700( 5850 | 19.0 | 8.5 | 450 | 237 | 493 | 256 | 620 | 327
2.0|15.0|83.0|10.07| 0.12 | 2.05 15.7 | 82.0 | 3350 | 1850 | 2250 | 1200 | 15450| 5750 | 17.5 | 9.0 | 468 | 242 | 507 | 264 | 630 | 332
...|150]85.0|10.28] 0.19| 0.09 14.8 | 847 | 3050 | 1400 | 2750 | 1100 | 12800( 5100 | 15.0 | 7.0 | 471 | 244 | 504 | 262 [ 630 | 332
ven | 10.0 [ 90.0 [ 10.67 | 0.12| 0.11] 9.9 | 89.4 | 2800 | 1250 | 2250 | 950 | 12000| 5100 | 14.5 | 6.5 | 473 | 245 | 498 | 250 | 625 | 320

hined from chill castings 2 in. in length and } in. in diameter. The Brinell tests were made on

int were taken from stress-strain curves at a deformation of 0.
formation

125

i in. .
machined specimens cast in a 2-in. diameter by §-in. deep steel mold at room tem|

perature

cent reduction of

S

cent of the
and a 500-kg.

gage
the tangent to the curve is 1§ times its slope at the origin.
l:rnd_thm
applied for 30 seconds

S



842 SPECIPICATIONS FOR BABBITT METAI.

.-

Allo; Tin, Antimony,| Lead, Copper, llnr:xn' Anr‘s::ic Zine, i Aluminum,
Grade per per per per - " per . per
No. cent. cent. cent. cent. Retl et cent. E cent.
Pl 91 4} 0.35¢ 4} 0.08 0.10 none none
2........ 80 7} 0.358 3} 0.08 0.10 none none
... 83} sg 0 354 8} 0.08 0.10 none none
4........ 75 12 10 3 0.08 0.15 none none
5....... 65 15 18 2 0.08 0.15 none none
6....... 20 15 63} 1} 0.08 0.15 noge none
Toeen 10 15 75 0.50a 0.20 none none
[ PO, 5 15 80 0.50a 0.20 none none
| 5 10 85 0.502 0.20 none none
10........ 2 15 83 0.50a 0.20 none none
n........ 15 85 0.500 0.25 none none
12........ 10 90 0.50a 0.25 none none

i & Maximum o - _ B

Table IIb

( TABLE SHOWING PHYSICAL PROPERTIES OF BRONZE BEARING METAL ALLOYS.

I .
| Dasiap Cowrosrrion. | Ultimate Brinell Oanuui_on
Ay Tensile |Elosigation,| Hardness Weight, | Deformation
R o] e | e | | | G |2 R |
| [.N ) 3
! per cont.| per cent.| per ceat. .q.:’.ﬁ 80 0e0.). .q.{.’f'r
i liceveeseass| 8B 10 [ ] 28 000 12.5 60 0.25 0.31 18 000
[ P 90 10 10 25 000 8 ] 0.25 0.31 15 000
| R, 80 10 10 12 000 8 50 0.25 0.32 12 500
[ F n 8 18 20 000 10 48 0.28 0.38 12 000
, 5e.......... k¢ ] 20 18 000 7 48 0.28 0.33 11 000
I TR 70 3 3% | 15000 [ 0 0.25 0.33 | 10600
a More difficult to handle in the thntluotlulnduonnmtofﬂmmmol Gonbo
mwwedbythlddxﬁndlwunt% M
l'l‘heunnontesummadoon *‘sand cast-to-sise” test

The compression tests were made on
L_Q[h. The compression deformation limit is takeh as the load produsing s compression in the

machined test

(sand ocastings) of 1 sq. m.nctiomlm.lu.

specimen

of 0.001 in.

Table 11X
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Fig. 6. Journal Badly Scored by Grit.

Fig. 7. Babbitt Lined Bearing Scored by Grit.



——

Bronze Bearing Showing Effect of Elechrical Pitting.



Fig. 11. Excessively Grooved Bronze
Bearing.



Fig. 12, Rough 0il Ring Showing Effects of Slipping
on Journal.

Fig. 13. Lead Wires Before and After Crushing
for Clearance Measurement,



Fige 14. Small Bronze Bearings Having Very
Poorly Designed 0il Grooves.

Fig. 15. Bronze Bearing Having Inadequate
0il Distributing Groove.
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Fig. 16, Lft.=Narrow Sharp RBdged Dist. Groove Running Into Drain
Grooves. Rt.- Bad Pear Shaped Groove Comnecting High and
Low Pressure Areas. Bronze Bearings.

SEEERNARSRERRERRRREE S INp.ONREREERER lll'IIII.IIIIII:::IIIIIIIIIIIIII_!""'"_‘LIIIIIIIIIIIIIIIII. L L]
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Fig. 17. Lft.- Slanting Grooves Run Into Ring Groove Too High.
Rt. - Grooves Connect High and Low Pressure Areas. Ome
Adds 0il while Other Robs.



Fig. 18, Lft.- Hand Cut Distributing Grooves Running Into End
Grooves. Rt.- Good 0il Scoops, bu$ Very Bead
Dist. Grooves.

Fig. 19. Lft.- Extremely Sharp Edged Grooves Connecting High
and Low Pressure Areas. Rt.- Badly Scored Bearing
with Dist. Grooves Filled with Deposits.



fig. 20. Lft.- Good 0il Scoops. Sharp Edged Dist. Grooves Run
into End Grooves. Rt.- Dist. Grooves in Wrong Part
of Bearing.

ALL1IL LT L)
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Fig. 21, Lft.- Babbitt Lined Bearing With Good Dist. Grooves,
but Slightly Short. Rt.- Bronze Bearing Without
Dist. Grooves.



Fig. 228, Lft.- No 0il Scoops. Dist. Grooves Running To Top

of Bearingos Rte.- 0il Scoops Indefinite, Grooves
too Sharp.
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Fig. 23, Lft.- Dist., Grooves too Small. Broad Central Gi'oon
Very Bad. Rt.- Scoring Caused by Burr on Shaft.
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Fig. 24. Lft.- Adequate 0il Scoops. Hand Cut Grooves, Haggled but
Fair. Rt.- Sharp Narrow Dist. Grooves Too High,

L 8 B A

|3I | I—

Fige 25, Lft.- Hand Cut Grooves Too Shallow and Narrow.

Rt.- Sharp Edged Dist. Grooves Running into End
Grooves.



=

mn.n-.--m--m.nm‘-.................-......-............-.-su..-u.-m-.--nnné..@~ :

Fig. 26, Lft.- Good 0il Scoops, but Very Bad Dist. Grooves.
Rt.- BRxtremely Bad Grooves Having Very Sharp Edges.
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Fig. 27, Lft.- No End Grooves. Only one Scoop.
Rt.- Elaborate Spirel Grooves of Little Value.
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Lft.- Die Cast Babbitt Bearing Having Excellent
0il Grooves. Rte.= Another Die Cast Babbitt Bearing
Having Ratchet Type Dist. Grooves of Excellent Design.

.l..".l"ﬂ.‘li..ll"-‘illBll.'lnllsli!l“il.!lni\!l.il

i 4 3 2

Fig. 29, Bronze Bearing Showing 0il Grooving
System Adopted by C.P.Co.
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Fig. 42,

Scrapers for Bronze Bearings.
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