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ABSTRACT

The definition of a plain bearing is given. The requirements for bearing materials are pro-
posed. The historical perspective and recent development of the bearing materials are intro-

duced, and the performances of current bearing materials are compared
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1 INTRODUCTION

I have chosen this subject because, as 1
will explain later ,1 am not a metallurgist but
1 do know something about plain bearings.
The variety of nonferrous metals such as
Cu, Sn, Sb, Pb, As, Ni, Al, Zn. Ag.
Bi, Cd, In, that have been and are being
used in the manufacture of plain bearing is
quite extensive. For example, in the 1950’
s, when 1 was a manufacturing engineer in
the Glacier Metals Company. we alone pur-
chased ten tons of tin per week. purely for
the manufacture of plain bearings.

2 PROVENANCE

At this stage 1 would like briefly to out-
line to you the extent of my own experience
in the field from which you will see that I
am not a materials engineer. In my mid-
twenties 1 went to work as a mechanical engi-
neer, mainly involved in manufacturing,
for the Glacier Metal Company. This compa-
ny was, and still is one of the best known

manufacturers of plain berings across the

'
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world. In one capacity or another 1 re-
mained interested in that company for over
thirty years. eventually becoming chairman
of AE PLC. which owned Glacier amongst
other companies. but whose principal engi-
neering interest was the manufacture of high-
ly stressed components for engines. In addi-
tion to bearings. they manufacture pistons,
piston rings, camshafts. valves. turbine
and compressor blades.

Being involved as an engineer in this ‘
type of business inevitably lead to great inter-
est in materials. since one of the principal
sources of product development lies in the
field of manufacture and usc of improved -
materials and processes. So, as you can
see. it is as a user and producer of these
products that my interest in materials origi-

nates.
3 PLAIN BEARINGS

For completeness., it is probably best
for me to define what 1 mean by a plain
bearing. A bearing is a device for transmit-

ting forces between two parts which are mov-
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ing relative to one another with minimum
power loss.
cludes rolling contact bearing,

This definition of course in-
but apart
from this reference to them. I shall exclude
them from the subject of this paper. since
my interest has been almost wholly in the
field of sliding contact bearings in which non-
ferrous materials play such an important
part,

It is worth reflecting that dynamic seals
are not too dissimilar from bearings in many
aspects of their manufacture and design. A
dyramic seal is a device allowing movement
to take place between parts of a system with
minimum pressure or fluid loss.

Bearings can of course be required in
many applications. They can be rotational
straight sliding and they can be straight slid-
ing. There can be journal loads and there
can be thrust loads. The movement can be
,continuous in one direction or reciprocating.
Of course one of the biggest applications for
plain bearings is in the crankshafts of recipro
cating engines.

4 THE HISTORICAL PERSPECTIVE

The Egyptians used wooden rollers or
lubricaled planks and the Romans a wooden
taper roller bearing but no doubt friction and
wear were high. In the early 1800's howev-
er special attention began to locus on the de

velopment of special materials for use in
plain bearings.
has been in use for five thousand vears in

Bronze, a material which

one form or another. began to be specially
developed in the 1800's. partly as a result
of the development of gun metals, but the
properties of bronze — particularly when it
was fluxed with phosphorus — were valued
for purposes in which a hard strong metal
was required, such as pump plungers.
valves and the bushes of bearings.

In 1839 Babbitt, lsaac developed and
patented a suitable bearing material for
steam engines. Babbitt’s patent covered only
the principle of using a soft conformable al-
loy supported by a stronger shell. The alloy
mentioned in the patent contained 89 parts
of tin, 9 of antimony, and 2 of copper.
Babbitt’s metal had a two-phase structure.
consisting of hard particles in a soft matrix.
At the time it was theorized that the hard
particles formed a sort of “pavement” that
supported the load. while the soft matrix
was worn down to a level slightly below that
of the hard pavement. thus providing a se-
ries of channels for the support of lubricant.
The antimony strengthens the matrix by dis-
solving into the tin and by forming hard cu-
bic particles of tin-antimony. Copper addi-
tions form hard needle- shaped particles of
copper-tin (CubSn5) which entrain the tin-
antimony cuboids and ensure uniform distri-
bution. However. many of these theories
are now regarded with suspicion.

The term*Babbitt™ is widely used to in-
clude three groups of bearing alloys: those
with high tin. which are substantially lead-
free, containing 90% or more tin; high
lead alloys. containing 70}/ or more lead:
and intermediate alloys, containing tin and
lead in the matrix.

The evolution of engineering through
and since the industrial revolution has re-
quired the study of the engineering science
of bearing materials as the demand for high-
er loads. higher temperatures, greater corro-
friction have

sion  resistance and lower

forced the pacc ol development.

5 PROPERTIES REQUIRED FFOR
PLAIN BEARING MATERIALS

In the majority I application the reduc-
tion of friction and + ear between sliding sur
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faces is achieved primarily by the creation of
a fluid lubricant film, most commonly of
oil, between the surfaces. Thus, the use of
a special bearing material as one or other of
the surfaces only makes a contribution when
this oil film is not present or is discontinu-
ous. If indeed a satisfctory oil film were con-
tinuously present, then there would be no
need for special bearing materials at the sur-
face, and one would choose a material that
was adequate for the strength of the force
transmission required. In practice, howev-
er, few if any bearing operate under ideal
conditions. When a machine starts from
rest, no pressure will normally exist in the
lubricant unless provided independently. so
hydrodynamic conditions will not obtain.

Moreover, a journal bearing may develop
no hydrodynamic pressure when the direc-
tion of the Joad is rotating at half the speed
of the shaft, a condition that can obtain for
short periods in engine bearings. Lubricant
films can, moreover, be interrupted by par-
ticles of dirt which are frequently embedded
in one or other of the surfaces. For these
and other reasons continuous hydrodynamic
lubrication is the exception rather than the
rule, even in bearing supplied with oil under
pressure. In bearings lubricated by more hit
and miss methods, departures from hydrody-
namic lubrication are correspondingly
greater. The result is that part of the load be-
tween the two components is carried by di-
rect sliding contact between solid surfaces.

modified by the presence of extremly thin
films of lubricant, a regime generally re-
ferred to as “boundary” lubrication. If these
films also break down dry frictibn between
the solid surfaces results. Solid friction oc-
curs when two surfaces are in real contact at
high points over an area that increases as the
normal load increases. Over the area of real
contact elastic and usually plastic deforma-

tion occurs and the surfaces adhere to an ex
tent that depends on the materials involved
and the presence of surface contaminants,
such as oxides. Energy is absorbed in plastic.
deformation and in rupturing the bonds that
form between the surfaces. Wear occurs
with the particles being torn from one or oth-
er of the surfaces. These particles, which
are frequently oxides. may themselves act
as abrasives giving rise to further wear.
Breakdown of the surfaces due to continued
plastic deformation may also contribute to
wear. Lubricants can and do degenerate
with corrosive results and thus resistance to
corrosion is another desirable feature.

Therefore. the requirements of a lubri-
cated bearing are broadly a low rate of wear
and an ability to carry the required load
without seizure. significant distortion. me-
chanical breakdown or appreciable corro-
sion, and of course these properties interact.

So what are the propetties required in a
plain bearing material? Clearly. there must
first be sufficient strength to carry the load,
and not only the load in simple terms but in
fatigue terms. The load may include vibra-
tion forces. Secondly. the material needs to
have some degree of conformability to allow
a certain amount of distortion to take place
to-allow for the misalignment between shaft
and bearing or between the sliding surfaces.
Clearly . if distortion/misalignment does ex-
ist. then the load will be transmitted over a
smaller than intended area. and if conforma-
tion can take place then this area can be in-
creased and the stresses reduced.

The next. and very important propetrty
is "seizure resistance ” of the material.
Seizure resistance can be described as that
property of a bearing material which. when
running against a specified surface. makes it
less prone to form chemical bonds which
cause local welding or fusion of the two sur-
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| faces. There are a number of subjective the maximum load that can be carried with-
words used to describe these properties, such out seizure or overheating. The time during
as lubricity. The melting point of the bear- which a bearing will function according to
ing alloy, or at least some of its phases. is "good” bearing q ialities helps to explain the
an extremely important aspect of this proper- diversity of cg_;-nclusions that have been
ty, as it is theorized that in certain instances reached on the relative merits of different
of complete metal to metal contact. with the materials.

temperature rise that rapidly occurs, local
melting of the bearing material may provide 6 BEARING MATERIALS
a type of lubrication which can see the bear-
ing through its peroid of non-oil lubrication,
which of course may be only a few micro-

Babbitt or white metals were the princi-
pal special bearing material for about a hun-
dred vears tollowing Babbitt’s patent. Vari-

seconds. The next property required is the a- _ i ) )
ous improvements took place with differing

bility of the bearing material to absorb dirt.
It is important that dirt particles, which are
often extremely abrasive are not embedded

alloys and methods of construction and man-
ufacture. The compositions of white metals
are varied. Thin- based materials usually
contain abour [4)4 antimony and up to
10 copper. the most generally used alloys
being in the range of 7~ 10Y%) antimony
and 3, ~ 2%, copper. The main con-
stituents are B-phase(Sb Sn) and a -phase
(Cub Sna) and. the metallurgists tell me, a

in the bearing materials so as to remain pro-
jecting into the clearance. thus wearing the
shaft. The bearing material ideally should
be able to absorb particles of dirt so thar they
do not project above the bearing surface.

Bearings must be able to conduct heat as all
power losses result in heat generation. and

particularly when partial discontinuities in ternary peritectic complex. Lead in these al-

the lubrication occur, the ability to conduct loys is generally regarded as detrimental as it
causes a sharp reduction of the solidus and in
high dutv alloys is limited to about 0. 35%,

although some researchers have claimed that

heat from the bearing surface is extremely
important. Finally, the material should be
resistant to corrosion and of course not exces-

sively expensive. lead improves the running properties. Cadmi-

A basic difficulty is that the running um increases hardness, tensile strength and
properties of a lubricated bearing depend on fatigue strength. while nickel and tellurium
a number of factors beside the bearing mate-  have been added with the same objective.
rial. The lubrication system. the chemical. The tensile properties and hardness of tin-
and physical properties of the lubricant, the based alloys are affected only to a moderate
presence of abrasive particles. the loading extent by changes in composition over the
characteristic, the clearance. the finish of normal range in which they are employed.
the surfaces, all are of major importance. A Thus. the softest alloy in normal use which
material that is perfectly satisfactory under is 7% antimony. 3. 5% copper,has a harde-
one set of conditions may be quite useless if ness at 100 C of about Hv 1I; whilst the
the conditions are changed. Furthermore., hardest alloy normally used- 10% anti-
there is no single criterion of good perfor- mony , 10 copper has a hardness at 100 C
mance; in some cases the minimum rate of of Hv16. The fatigue strength is somewhat

wear is thé principal interest; in others it is affected by composition.



It has been claimed that thé fatigue
strength of low tin lead-base alloys becomes
superior to tin-base alloys at higher tempera-
tures. This would be expected from the high-
er solidus temperature of the lead- base al-
loys.

What has been found and generally a-
greed upon is that the finer the grain struc-
ture of the white metal the better its bearing
properties. This requires a rapid solidifica-
tion of the alloy and has been onc of the rea-
sons why the actual thickness of the bearing
material has becen reduced to a minimum.
thus making more rapid solidification of the
bearing alloy possible. This requirement.
plus the fact that most of the white metals
are guite expensive materials, has led to the
development of techniques for the bonding
of the bearing material to another material
(usually steel but sometimes bronze). This
route requires a satisfactory bond between
the bearing material and the backing materi-
al and is vitally important, both for struc-
tural rigidity and for heat transfer. A num-

tages. The next major step forward was the

development of copper lead allovs. and al
though there was no sharp dividing line be
tween the leaded bronzes and the copper lead
alloys, these latter generally imply between
204 and 50% lead. and not more than
5% tin. nickel or silver. These alloys have
been used since the 1930's and have been
used very extensively for aircraft and diesel
engine bearings. They were then developed
intensively during the Sccond World War
for aircraft. fighting vehicles and ships. and
of course as their own strength is normally
insufficient to maintain fit and absorb the
forces thev are invariably used in a steel-
backed form. At the present time. for en-
gine bearings. an alloy containing 224 ~
3097 lead with little or no tin is Most com-,
used. But for

monly higher. loads. a

stronger alloy with 20% ~ 25% lead and

I

2%, ~ 1% tin is common. The achievement
of a bond between the copper-lcad and the
steel backing —and at the same time achiev-

ing the proper metallurgical structure of the




daclung 4as a ocdring materidl.

Later a process was developed. again
very successfully . for creating the bi-metal-
lic strip by producing the copper lead as pow-
der and sintering this onto the steel strip in a
continuous process. This sintering route took
a long timec to develop but has proved ex-
tremely successful and is most convenient in
that it enables the composition of the various
alloys to be varied whilst retaining the same
basic sintering process.

Like all developments in bearing materi-
als, improving the strength almost always
brings with it a deterioration in one¢ or other
of the desirable properties. The extra hard-
ness reduces conformability and embedabili-
ty and it has been commonplace to provide a
softer bearing material on the surface (only
12 micrometers thick) by electroplating the
bearings after manufacture with a coating of
lead-tin. This in itself vields problems as
very often the tin migrates at elevated tem-
peratures into the copper-lead alloy. To pre-
vent this it has been commonplace 10 use a
nickel barrier between the bearing metal and
the overlay plate. Other manutacturers have
used indium instead of tin. since this then e-

LIIC ClIOICC Ol aluUllliiulll 1ol SUcll yevel-
opment work derived from its position as the
next most readily available metal in the melt-
ing point scale afer tin. lead and zinc.

Three disunctly different lines of ap-
proach were followed. and all 1o some ex-
tent met with a degree of success. at least in
certain fields.

The first approach. which was exploit-
ed in Germany. was an attempt to produce
an alloy with a structure analogous to those
of tin-basc and lead- base white metals; in
other words a hard phase and a relatvely
soft martrin. This approach was based on an
hypothesis of bearing behaviour which is
probablyv now considered to be fallacious.
but nevertheless developed some serviceable
allovs. Some ol them contained 20/ ~ 154
copper and others small amounts of lcad. an-
Uimony . copper. manganese and iron.

The second approach. which was pur-
sued in both the United Srates and Great
Britain. was 1o scek an alloy just strong e-
nough 1o serve as a non-backed bearing. but
containing a proportion of low melting point
constituent to Improve its bearing properues.

The resistance of aluminum tin alloys 10



um and steel. When aluminium is cast onto
steel the two react to form an aluminium
iron compound layer. This layer very rapid-
ly attains considerable thickness. rendering
the bond very brittle. The formation of a
thick , brittle compound layer can be avoided
by adopting a solid phase welding method
and several rolling processes have been devel-
oped into commercial operations. The pro-
cess developed by the Glacier Metal Compa-
ny, which was also the subject of work by
the Tin Research Institute and Fulmer., in-
volved scratch brushing the steel surface. ap-
plying a scratched brush aluminium foil by
cold-rolling onto the prepared aluminium al-
loy strip, and then bonding the two by
rolling, and finally, by heat treatment, con-
solidating the bond and annealing the alu-
minium alloy. With proper heat treatment
the structure can be much improved to re-
crystallize the aluminium and to produce a
reticular structure. The percentage of tin is
209% in aluminium with 1% copper. These
bearings can run well without an overlay.

tively low melting point and hardness and
their low cost and ready availability. They
are used to some extent in lightly loaded -
bushes but their suitability for morce arduous,
applications is doubtful.

Silver is another material which for a
time aroused great interest but has largely
died away. At one period the pure metal
was widely used for aircraft enginc bear-
ings. but owing to its tendency 1o sudden
seizure it became usual to plate it with lead
and then to protect the lead from corrosion
with a flash of indium. Silver-lead alloys
with 3% ~ 3% lead have been used. but the
decline of the interest in silver has probably
been due to the fact that other tvpes of bear-
ings such as overlay copper- lead. leaded
bronze and aluminium alloys appear to scrve
at least equally well in practice and of
course are very- much cheaper.

In summary the most widely used mate-
rials tor engine bearing at the present time
are steel backed copper-lead alloys and steel-
backed aluminium alloys.
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ion bombardment. In its simplest form a
7 RECENT DEVELOPMENTS plasma is maintained in which argon ions

are accelerated to a target by a negative po-

As has been stated, steel-backed alu-  op4ia1 Suijtably placed work- pieces or sub-

minium bearings have been used in automo- strates will become covered with these atoms

tive applications for many years since the
successful introduction by Glacier of AS15,

and receive a solid surface coating.

Interesting developments for the future
. 0s v 0 )
that is the 206 tin and 104 copper in alu- may be significantly influenced by 3-D sur-

minium. It is able to operate without an elec- face mapping, by which it is possible to relo-

. tro-plated overlay, against forged steel and cate and follow the process of bedding and as-

nOdUlar cast 1ron COUntCrf&CﬁSq and haS €X- perlty pO“Shing- In addition, the distribu-

cellent corrosion resistance in acidic engine tion of bearing area. with height of asperi-

oils. However, with increasing specific ties to be quantified. and studies on the limit-

loads on bearings in smaller engines Glacier ing minimum oil film thickness can be car-
has identified the need for a competitively
priced bearing material with a load carrying

" capacity without an electro-plated overlay.

ried on. Work is continuing on the effect of
a comomiation of materials with different

hardness and material specifications. both of
To meet this need Glacier has developed

AS124 which is 12% tin. 1 silicon and
2% copper in aluminium. and this has been

which control the development of optimum
topography after bedding of the bearing ma-
terials. The controlled polishing action of
successful following a seven—ycars develop-  Ag191 g readily illustrated using the 3-D
ment and test programme.

Where overlays are required. tech-

surface mapping technique.

, I hope this very brief overview of the
niques have been developed to replace ele-  goniticance of nonferrous metals in the de-
croplating, using sputtering which enable al-
loys to be deposited in thin layers which are

highly compatible with the base bearing ma-

velopment of plain bearings will have been
interesting. and it is clear that nonferrous
metals play the dominant role as far as mate-
terial. Sputtering is done under vacuum and rial velopment is concerned.
is essentially the ejection of atoms from the

surface of a target resulting from atom and



