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ABSTRACT

This paper covers the basic aspects of journal bearings including lubrication, design and application. Descriptions of
various types of journal bearings are presented. Guidance is given for choosing the proper bearing type and keeping your
bearings healthy. A section on do’s and don’ts gives practical information.

INTRODUCTION

Bearings are used to prevent friction between parts during relative movement. In machinery they fall into two primary
categories: anti-friction or rolling element bearings and hydrodynamic journal bearings. The primary function of a
bearing is to carry load between a rotor and the case with as little wear as possible. This bearing function exists in almost
every occurrence of daily life from the watch on your wrist to the automobile you drive to the disk drive in your
computer. In industry, the use of journal bearings is specialized for rotating machinery both low and high speed. This
paper will present an introduction to journal bearings and lubrication. Lubrication technology goes hand-in-hand with
understanding journal bearings and is integral to bearing design and application.

Since they have significant damping fluid film journal bearings have a strong impact on the vibration characteristics of
machinery. The types of machinery we are concerned with range from small high speed spindles to motors, blowers,
compressors, fans, and pumps to large turbines and generators to some paper mill rolls and other large slow speed rotors.

Not covered here is the topic of bearings for reciprocating machinery. While some of the same principals apply, engine
bearings have special needs and design considerations and deserve a more complete study. Reciprocating machinery
bearings tend to be simpler in geometry and much more complicated in application than turbomachinery bearings. For
example, the typical turbomachinery journal bearing consists of a thin layer of babbitt on steel while a connecting rod
bearing may have numerous different layers of copper, steel, nickel, or other metals with a thin layer of babbitt on top.
This layering is done for fatigue resistance to the pounding loads encountered in such machinery. Engine bearings are
often required to withstand peak specific loads in excess of 3,000 PSI or about ten times a typical motor or turbine
bearing. Reciprocating machines rely primarily on the squeezing of the oil film for load support.

WHEN TO USE FLUID FILM BEARINGS

There are applications where anti-friction bearings are the best choice. Commonly, smaller motors, pumps and blowers
use rolling element bearings. Paper mill rolls often use large specialized spherical roller bearings. Clearly, anti-friction
bearings are best for these applications. However, once the size of a pump (or fan or motor, etc.) gets large enough and
fast enough, a gray area is entered. Here you will still find rolling element bearings used successfully but as speeds
increase and temperatures rise, rotor dynamics often become a concern and critical speeds are encountered. This is when
damping is required and fluid film bearings become increasingly necessary. My experience is that turbomachinery
designers (and users) should consider using fluid film bearings if running above 3,000 RPM or the machine exceeds 500
HP. In my opinion, at 1,000 HP and up, all machines except very special cases should be on journal bearings specifically
designed for that service. There are exceptions of course, and the decision where to apply what type of bearing is
ultimately done for every machine individually based on good engineering practice and experience. Unfortunately, this
decision is sometimes based on economics which keeps maintenance engineers and consultants employed.

ADVANTAGES OF FLUID FILM BEARINGS

The primary advantage of a fluid film bearing is often thought of as the lack of contact between rotating parts and thus,
infinite life. In a pure sense, this is true, but other complications make this a secondary reason for using these bearings.
During startup there is momentary metal-to-metal contact and foreign material in the lubricant or excessive vibration can
limit the life of a fluid film bearing. For these reasons, special care must be taken when selecting and implementing a
lubrication system and special vibration monitoring techniques mustbe applied. The most important aspects of the health
and longevity of a fluid film bearing are proper selection, proper installation, proper lubrication, and the alternating
hydrodynamic loads imposed on the bearing surface by relative shaft-to-bearing vibration.



Some of the primary advantages of fluid film bearings are:

® Provide damping. Damping is required in order to pass through a critical speed. Damping is also required to suppress
instabilities and subsynchronous vibration.

® Able to withstand shock loads and other abuse.

® Reduce noise.

® Reduce transmitted vibration.

® Provide electrical isolation of rotor to ground.

® Very long life under normal load conditions.

® Wide variety of bearing types for specific applications

The lubricant used provides these functions to all bearings:
® Remove heat generated in the bearing.
® Flush debris from load area.

Some disadvantages to fluid film bearings are:

Higher friction (HP loss) than rolling element type.

Susceptible to particulate contamination.

Cannot run for any length of time if starved for lubricant such as a lube system failure.
Radial positioning of rotor less precise.

Use of journal bearings is also an advantage in many applications when it comes to maintenance. Most fluid film
bearings are split and rotor removal is not required to inspect and replace. While split rolling element bearings are also
available they are costly and not common. Journal bearing fatigue damage is usually visible at an early stage and allows
for better diagnostics of failure modes so that corrective action can be taken to prevent recurrence.

PLAIN BEARINGS AND BASIC CONCEPTS

In order to illustrate the basic nomenclature, geometry, and introduce the ideas of how fluid film bearings work, the
simplest bearing called a plain journal bearing will be examined. Figure 1 is a photograph of a plain bearing. A steel
base material is overlaid with a babbitt material and bored to a circular diameter equal to the shaft diameter plus the
desired clearance. Scallops are cut at the splitline to admit oil. Figure 2 is a computer model of this same bearing.
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Figure 1 - Typical Plain Journal Bearing Figure 2 - Computer Model of Plain Journal Bearing

At zero speed, the shaft rests on the bearing at bottom dead center. As soon as shaft rotation begins the shaft
“lifts off” on a layer of oil. In fluid film bearings, lubrication is required between a pair of surfaces with relative motion
between them. There is always a convergent wedge developed that is formed due to the relative surface speeds and the
lubricant viscosity to carry the applied load. An oil pressure film develops with equal and opposite force vectors to the
applied load. One surface drags the lubricant, usually an oil, into a converging gap. As the space available in this gap
decreases, the fluid develops a pressure gradient, or pressure hill. As the fluid leaves the gap, the high pressure helps
expel it out the other side. A simple diagram of this is shown in figure 3.
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Figure 3 - Basic Development of an Oil Wedge

Lubricants can be any fluid, including gasses. In early reference books (1,2,3) some of the lubricants discussed are
tallow, lard (animal fat), vegetable oils, and whale and fish oils. Obviously, sometimes you used what was available!
Even water can be used under some conditions. Mineral oils from petroleum have evolved from straight distillates to
complex formulations with special additives today. Synthetic lubricants have also been developed, primarily
poylalphaolefins and esters. Silicones, glycols and other fluids are also used in special applications. There is no ideal
or universal lubricant, all are compromises to fit any given situation. Applications range from heavy low speed loads
to light high speed loads. At one extreme solid lubricants may be necessary and at the other, gas bearings may be
required. Obviously, most applications fall in the middle where grease and oil lubricants are used. In this discussion
of journal bearings we will limit ourselves to light oil lubrication found in the majority of turbomachinery.

Bearing Nomenclature

The shorthand that bearing analysts use with regards to journal bearings can be confusing and is certainly inconsistent
from one analysis program to another. The terminology used in this paper is shown diagrammatically in figure 4. The
symbolic notation and the definitions are as follows:

R; = Radius of Journal

R, = Radius of the Bearing

C, = Radial Clearance of the Bearing = R;-R,

h = Radial clearance as a function of the angular position where the clearance is measured
h,;, = Minimum oil film clearance

e = Eccentricity - the distance between the center of the bearing and the center of the shaft
ecb = e¢/C, = Eccentricity Ratio - if zero, shaft is centered; if 1 then shaft touches bearing
Line of Centers = Line connecting the center of the bearing and the center of the shaft

¢ = Attitude Angle = Angle from -Y axis to Line of Centers

Q or o = Rotation Direction and Speed in RAD/SEC

W = Gravity Load
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Figure 4 - Bearing Nomenclature Figure S - Pressure Profile in a Journal Bearing

In our plain journal bearing example the load is supported by a high pressure oil region as shown in figure 5. Each line
in the pressure profile represents an oil pressure vector at the centerline of the bearing. The sum of the vertical
components add up to the applied load and the horizontal components cancel out for equilibrium. Oil inlet ports are
placed in areas of minimum pressure. The pressure profile can also be examined in a three-dimensional format as shown
in figures 6 (low load) and 7 (for a highly loaded bearing).

Typbesl Flaln Beariag
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Figure 6 - Hydrodynamic Pressure Profile - Low Load Figure 7 - Hydrodynamic Pressure Profile - High Load

These figures show the bearing “unwrapped” with the top half on the left and the loaded bottom section on the right.
It is important to note several things about the hydrodynamic pressure profiles. First, the peak pressure is significantly
higher than the specific load (W/LD). Secondly, the pressure at the margins always returns to the boundary condition
which is usually atmospheric pressure. The unloaded top half, even though it is cavitated is essentially at atmospheric
pressure which is why no cavitation damage ever occurs in this type of bearing.



Bearing Performance

While the stiffness and damping provided by a journal bearing are crucial, there are other design factors that must be

considered in order to understand how bearings work. For example, if the eccentricity is too high there is a risk of metal-

to-metal contact and higher dynamic loads being imparted to the babbitt causing premature fatigue. If the eccentricity

is too low (journal is nearly centered) then the machine could more easily become unstable. Eccentricity is a function

of both speed and load. Figure 8 indicates that, with a constant load, as speed increases, the eccentricity decreases.
Typical Plain Bearing
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Figure 8 - Plain Bearing Eccentricity versus Speed with a Constant Load

The attitude angle between the vertical axis in the load direction and the line of centers also changes with speed. A plot
of this angle with eccentricity describes a plot of the locus of the shaft centerline as speed changes as seen in figure 9.
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Figure 9 - Shaft Centerline Position in a Plain Bearing as a Function of Speed



If you combine the effect of speed and load on the bearing eccentricity, figure 10 tells the complete story. At low speeds
the eccentricity ratio e/C, is high. At low loads, the eccentricity is high.
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Figure 10 - Effect of Load and Speed on Plain Journal Eccentricity

There are additional parameters that must also be examined when analyzing fluid film bearings. One of the most
important is the maximum temperature that will be generated in the fluid film. This is consistent with the horsepower
losses for a given bearing and will be somewhat higher than the actual temperature measured with an RTD or
thermocouple in the bearing shell. Figure 11 is a plot of the inlet oil temperature (kept at a constant 120 °F in this case)
and the predicted measured temperature and the predicted maximum oil film temperature for a constant load as speed
is varied. While it is possible to operate journal bearings above 200 °F, typically a bearing designer will seek to keep
the maximum oil film temperature below that due to loss of babbitt fatigue strength. If possible, a good bearing design
will have the maximum oil film temperature less than 175°F to allow for some margin for transient events. It is also
important to analyze the minimum oil film thickness as seen in figure 12. Here the ratio h,;/Cb is plotted as a function
of speed with a constant load. This ratio is the minimum film thickness as a percentage of bearing clearance. If we knew
the radial clearance was 5 mils then we can calculate the minimum film thickness at any speed. For 5 mils radial
clearance in this case the h,;, would be about 1 mil at 100 RPM and more than 4 mils above 5,000 RPM.
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Figure 11 - Temperatures in a Plain Bearing versus Speed at a Constant Load
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LUBRICATION

For fluid film bearings viscosity is the most important factor. Unfortunately, there are two forms of viscosity terminology
and numerous units associated with these measures. Absolute or dynamic viscosity is the ratio of the shear stress to the
resultant shear rate as a fluid flows. The more a fluid resists shear, the thicker it is and the higher the absolute viscosity.
This is measured in Poise (or Centipoise) or Reyns. Some reference books use different terminologies, so read carefully.
Kinematic viscosity is the absolute viscosity divided by the specific gravity. The most common unit of measure is the
Centistoke, abbreviated cSt. The following tables help define these two measures of viscosity. Figure 13 relates SUS
to these measures.

Table 1 is a multiplying factor chart for converting between the various viscosity units. Note that since the specific
gravity (p) is usually between 0.8 and 1.2, the absolute and kinematic viscosities are nearly the same for all practical
purposes. Table 2 is a list of typical applications and the viscosity ranges found in these applications. This list is by no
means complete nor meant to preclude other oils in similar services. Viscosity varies significantly with temperature and
the variation is highly non-linear. Often blending of oil bases is done to reduce these effects.

CONVERT | pyise (P) | CentiPoise ()| g Sioke (S) | CentiStoke (W)
FROM/TO ® P eyn () | Stoke (8) St
Poise (P) & 1 100
—_— 100 145X 107 e —_—
Dyne-S/em? P P
CentiPoisc (Z) | g gy —— | 145x107 | Q0L L
Dyne-S$/100cm? P p
Reyn (W) 69%10°| 69X 10° 69X 10*| 69X 10°
LB-S/IN? p P
Stoke (5) - 100
43 03 —
embSEC p 100 p L45X 107 p
CentiStoke (V)| 4 5 p 145X 107p| 0.01 —
em/100 SEC
Table 1 - Viscosity Conversion Factors
Application Viscosity Range, cSt
Clocks, Fine Instruments, High Speed Spindles 2-20
Turbomachinery - Turbines, Compressors, Etc, 4-30
Rolling Elcment Bearings 8-300
Low Speed, Heavy Load Journal Bearings 8-100
Reciprocating Engines and Pumps 10 - 300
High Specd Gears 50 - 150
Low Speed Gears 50 - 600
Worm Gears 200 - 1000

Table 2 - Typical Viscosity Ranges for Various Applications



Figure 13 shows how temperature affects three common ISO turbomachinery oils. Atlower temperatures the differences

are much more significant than at a typical operating temperature.
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Figure 13 - Viscosity Variation with Temperature and Conversion Factors

The friction factor (and thus the horsepower loss) is a function of viscosity, load, and speed. This was quantified by
Richard Stribeck, a German engineer who did extensive friction testing in 1902. There was a great deal of research at
that time trying to find the best combinations of materials and lubricants that would give the lowest coefficient of friction.
Figure 14 is the original Stribeck curve from Reference 2. The friction factor is plotted as a function of ZN/P where Z
is the viscosity, N is the speed and P is the load. This is a non-dimensional equation.
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Figure 14 - Stribeck Curve Relating Friction Factor to Viscosity, Speed, and Load
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To define what viscosity is mathematically, we must go back to the early history of lubrication theory. As a shaft turns
in a journal bearing the moving service shears the oil film between it and the stationary bearing surface. This shearing
action creates a stress field in the lubricant film in PSI. The relative velocity between the surfaces defines the shear rate.
The dynamic viscosity is defined as the ratio between the shear stress and the shear rate. Higher viscosities increase the
shear stress while lower viscosities increase the shear rate due to a smaller minimum film thickness. Figure 15 shows this
diagrammatically with a full unit derivation in English and SI units.

Force, F
Required to Moving Surface: Velocity =V ‘
Constant Velociy >
A Fluid Velocity =V 7
4
V4
Fil A Lubricant
Thickness Fluid Velocity = V72 Fills Gap
=h
L 4
_ F LB V. IN/SEC 1
Shear Stress = A = N Shear Rate = N = N = SEC
—~—  LB,-SEC
. xre .. _ShearStress _ F h _ 1IN _ f - _
Dynamic Viscosity = Shear Rate — VA~ T = NG =1 Reyn
SEC

Or in SI units:

D \% CM/SEC 1
Shear Stress = = g;\l;zs Shear Rate = - = M = SEC
Dynes
. vr . _ShearStress . _F h__ —_cvmz__ Dynes-SEC _ .
Dynamic Viscosity = Shear Rate — VA~ T = C =1 Poise
SEC
Vi . Dynes - SEC "
Kinematic Viscosity = Stoke = Dyna:;lc ‘tl:’cos'ty = GCMZ = DyneS(';SEC'CM = (Sj}%/([j
ensi rams ram
[aYd

Figure 15 - Defining Dynamic Viscosity - English and Metric Units

The Reyn is named after Osbourne Reynolds famous for the “Reynolds number” that defines laminar and turbulent flows.
However, a Reyn is much too large a unit and typical lubricants are in the micro Reyns region. Likewise, Poise is named
after Jean Louis Marie Poiseuille a French physician who worked on fluid flow in the early 1800's. This unit is
commonly used as centiPoise or cP which is 0.1 Pascal-second. The Stoke, after George Stokes, is a Poise divided by
the fluid density. Usually used as centiStokes, or cSt. Water at room temperature has a viscosity of about 1 cSt.



Usually we want to minimize friction so we want to be somewhere in the center region of the Stribeck curve. Since speed
and load are often fixed for a given machine, the bearing designer is left with choosing an appropriate lubricant viscosity.
Other factors that affect this decision include the supply temperature and pressure, heat generation and removal,
corrosion resistance and material compatibility.

Oil formulation is a complicated science and includes many additives to the base oils. These additives include high
temperature breakdown resistance, extreme pressure, anti-foam, anti-sludge, corrosion resistance, anti-oxidation, and
others. Often the formulations are proprietary depending on the supplier. Sometimes you have to tell your supplier what
conditions and materials the oil will contact and ask them if their oil will react or degrade in such an environment. In
some systems with high surface speeds, additive components have been known to centrifuge out of the oil and collect
in areas like the inside of gear-type couplings. Here these materials build up and can restrict motion leading to increased
vibration and wear.

JOURNAL BEARING MATERIALS
Since the bearing is usually much less costly than the shaft, it is considered sacrificial if necessary. In addition, a low
dry sliding friction coefficient between the shaft and bearing material is important for startup and shutdown conditions.

Virtually every conceivable engineering material has been tried as a bearing material. Early man used wood or even
stone. Later iron, copper and leather were applied to relatively low speed shafts. In the 17" century Robert Hooke
advocated steel shafts with “bell metal”, essentially bronze, bushes to replace the practice of using wood blocks on cast
iron. There has been extensive research on the best bearing material to use.

In 1839 Isaac Babbitt patented several high tin and high lead alloys which are similar to modern formulations. Of course,
his name is commonly used to describe many different bearing materials. Carbon, graphite, ceramics, plastics and
composite materials are all used today in some applications. Lead alloys have been virtually eliminated in modern
applications due to lower strength and environmental considerations. The most common bearing lining material used
in turbomachinery today is high tin babbitt. The formulation and characteristics of the two most common babbitt alloys
are given in table 3. There are other alloys with specialized properties and often proprietary composition.

Parameter Type 2 Type 3
Tin 89% 84%
Antimony 7.5% 8%
Copper 3.5% 8%
Liquidus Point 669 °F 792 °F
Brinell Hardness 24 27
Tensile Strength 12,600 PSI 10,000 PSI
@ 68°F @ 68°F
% Strength at212°F
52 52

Table 3 - Babbitt Material Characteristics

These formulations are applied to a base material, typically steel, by either molding in a stationary fixture or spin casting
which is a messy and exciting thing to experience. Spin casting is supposed to create a better bond with the substrate
but it has been determined that impurities in the molten babbitt can migrate to the babbitt-base metal bond line during
this process and weaken that bond. While babbitt won’t melt until the temperature is very high, it has lost almost half
of its room temperature tensile strength at 212 °F.



BEARING FAILURE MECHANISMS

There are many reasons a journal bearing might fail. A common mechanism is loss of lubricant and is not so much a
bearing failure as a system failure. The next most common mechanisms is fatigue damage and one of the most important
considerations for the material lining bearings is fatigue resistance. Thin babbitt has significantly more fatigue resistance
than babbitt thickness greater than 15 mils as seen in figure 16. This is data from an extreme test conducted with about
ten times the normal static load to speed up the test results.
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Unit Loading = 2,000 PSI
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Figure 16 - Bearing Fatigue Life as Babbitt Thickness Varies

Rotor imbalance and other conditions cause the journal to orbit in the bearing. This causes an oscillatory dynamic
pressure to act on the babbitt surface. It is not uncommon for the peak static hydrodynamic pressure to approach 3 to
5 times the specific W/LD load. Oscillatory shaft motion adds an alternating pressure on top of this that impinges on
the babbitt surface. Babbitt fatigues in a manner similar to the way potholes develop in a road surface. Surface cracks
develop which propagate to the bond line below as shown in figure 17. The piece of babbitt detaches but is unable to
leave the area because of the close clearance to the shaft. This piece of babbitt rattles around the pit, breaking into
smaller bits which are carried away by the oil film. This action smooths the sides of the pit. Finally all the pieces of loose
babbitt are gone leaving a rounded smooth hole. Figures 18 and 19 are micrographs of this process and figures 20 and
21 are photographs of a failing bearing. This type of damage is often mistaken as cavitation or erosion, which it is not.
Virtually all journal bearings cavitate. Typically oil contains dissolved gasses and in the divergent unloaded area of the
oil film it is normal for streamers to form. As the pressure wedge re-forms, the gasses dissolve back into the oil. This
is a gradual process and no damage to the bearing occurs. There are cases where rapid rupture of the oil film is normal
such as with high speed reciprocating machinery. Here vapor bubbles can form and collapse explosively. These impacts
may locally fatigue the bearing surface. Entrained free air will aggravate this problem. The most common failure
mechanisms are a result of operating conditions outside of the intended design. These include foreign material (dirt) or
contamination (water, etc.) in the oil, overload, lube oil viscosity degradation, or, far too often, lubrication failure.
Electrostatic and electromagnetic discharge across the oil film will erode the babbitt surface over time. Corrosion of the
bearing babbitt is relatively rare especially if a regular oil analysis program is in effect. The steel backing can be attacked
by water in the oil and copper alloys are more susceptible to corrosion from ammonia and other contaminates.
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JOURNAL BEARING DESIGN PARAMETERS
The design of a journal bearing for a particular application involves many considerations.

® Available Space

Many machinery manufacturers purchase bearings from specific bearing companies. It is advantageous to use standard
bearing form factors for cost reduction. A machine that was designed for thin shell bearing liners is not usually a good
candidate for conversion to tilting pad bearings simply because there is insufficient radial room in the bearing housing.
Sometimes new housings can be made, but this involves additional cost.

® Friction and Heat Generation

The basic equation that bearing designers use to evaluate friction and heat generation is Petroff’s equation (9) which
assumes a centered shaft in a plain bushing. Notice that journal load is not part of this calculation. Only the oil shear
forces are used. The viscous shear force in this case is:

> D2LN

30 C

where | = viscosity in Reyns

n = 3.14159...
D = Diameter (Inches)
L = Axial Length (Inches)
N = RPM

C = Diametral Clearance (Inches)

F=up

and the Horsepower Loss is:

32
Hp - 261 x106 , D LN

from this equation, an estimate of the temperature rise for a given oil flow rate is made using either empirical equations
available in some of the references (10) or various computer programs. It is very important to understand the
assumptions used in the empirical equations, particularly the heat capacity of the lubricant. This may vary significantly
if using synthetic lubricants. As radial load on a bearing increases, the Petroff equation is not sufficient to predict the
temperature rise and relatively complex computer programs are used. Getting sufficient oil into the bearing and
subsequently draining it out are very detailed topics not covered here.

® Specific Steady Load
A very important concept is the specific load, P, is defined as:

W
LD

or simply the journal load divided by the active bearing length times diameter. In English unit this is in PSI. The loading
classification ranges (by this author) for this variable are:

0 to 50 PSI - Very Light
50 to 100 PSI - Light
100 to 200 PSI - Moderate
200 to 300 PSI - Heavy
more than 300 PSI - Special Design

There are problems associated with bearings that are too lightly loaded, specifically oil whirl and instability. For heavily
loaded bearings heat generation and babbitt fatigue can become significant. One should always consider both the



minimum film thickness and the peak hydrodynamic load when evaluating a design. Special evaluation is required if
the peak pressure exceeds 1,000 PSI or the minimum film thickness is less than 1.0 mils.

® Surface speed
The larger the journal diameter, the higher the surface speed for a given RPM. To calculate feet-per-minute (FPM) from
RPM the relationship is: (use inches for D)

FPM = RPM %

some typical examples are:

600 RPM with 8 Inch Journal = 1,257 FPM
3,600 RPM with 4 Inch Journal = 3,770 FPM
12,000 RPM with 6 Inch Journal = 18,850 FPM

At some point, which depends mainly on the lubricant and clearance, the oil film becomes turbulent. Turbulence
increases the friction, reduces oil flow and generates more heat. For typical turbomachinery, surface speeds above
15,000 FPM should receive special scrutiny.

® Dynamic Load

Dynamic load is the result of shaft orbital motion in the oil film clearance space due to imbalance, misalignment, and
other non-static forces. Thus, an alternating hydrodynamic pressure fluctuation is superimposed on the steady pressure
being exerted on the babbitt. It is this alternating force which fatigues the babbitt. The easiest way to give guidelines
for this is to limit maximum orbit vibration to less than 50% of the diametral clearance of the bearing. For example, if
the bearing clearance is 6 mils, then the maximum acceptable displacement amplitude is 3 mils peak-to-peak measured
on the orbit from two orthogonal proximity probes. Once the orbit exceeds 75% of the clearance, short-term damage
is almost always happening and bearing life is likely limited to a few hours if the orbit size exceeds 90% of the available
clearance. This author defines a dynamic load of 300 PSI (on top of the static load) as the upper limit of acceptability.
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Figure 22 - Dynamic Load - Vibration and Alternating Hydrodynamic Load



® [/D Ratio

The length to diameter ratio is one of the first things a bearing designer considers. Since the shaft diameter is often
determined by other factors (torque and bending strength, for example) it is usually the active babbitt axial length that
is controlled. This factor is “tuned” to give sufficient steady and alternating load capacity. However, it also significantly
affects the stiffness and damping characteristics of the bearing. The longer the bearing, the lower the specific load and
the lower the stiffness. A longer bearing also tends to have higher effective damping. Since damping is a frequency
dependent stiffness, the speed of the machine must be considered as well. While, from a rotor dynamics standpoint,
softer bearings are almost always a benefit, a too lightly loaded bearing may have stability problems. In the experience
of this author, an L/D ratio less than 0.3 has poor damping and an L/D ratio greater than 0.75 usually shows little gain
in effective damping. Heavily loaded bearings such as gears often exceed an L/D ratio of 1.0 and may need special care
in aligning the bores to the shafting.

®(Clearance

The basic guideline universally used for diametral journal bearing clearance is 1.5 mils-per-inch of journal diameter.
That is, a 4 inch diameter shaft would need about 6 mils of diametral clearance. Always check if the specifications you
see are for diametral clearance. Some manufacturers specify radial clearance - which is really difficult to measure! If
the application has atypical loads and/or speeds, then this clearance rule may need to be adjusted. The bearing should
be held in the housing with a zero to 1 mil interference fit. A loose bearing will have vibration problems and too much
housing interference can reduce the clearance in the bearing. The issue of tolerances should also be considered.
Clearance values are usually given as arange. The limits suggested here for minimum allowable clearance is 1.0 mil-per-
inch shaft diameter plus one mil. The maximum allowable is 2.0 mils-per-inch. Remember tolerance costs money.

® Base Material

Normally steel is used as the backing material for babbitt bearings and is preferred for strength. Cuprous alloys are about
half the strength of steel and have virtually no endurance limit. Bronze or even copper may be used where extra heat
conduction is needed for a successful design. Caution should be used with new machinery. API 612 (Special Purpose
Turbines) and API 617 (Centrifugal Compressors) both specifically disallow anything other than steel for a backing
material. The reason for this is that it allows a relatively inexpensive and convenient path to fix a hot bearing or upgrade
a design. If the original design includes copper pads, you are limited on the redesign.

®Grooving

On some bearings grooves are cut into the surface of the babbitt for a variety of reasons. The most often cited reasons
for grooving are to direct lubricant to the loaded areas and for cooling. A well-designed bearing with steady loads (not
reciprocating) does not need any grooves and, in fact, the sole effect is to increase stiffness, reduce load capacity, and
damping. In some cases a circumferential groove is used (called a load groove) to increase the specific loading and
increase stability.

JOURNAL BEARING DESIGN

The simplest form of journal bearing is a plain circular bushing with an ID that is slightly larger than the shaft OD. Early
bearings were often made by pouring the babbitt or white metal directly into a sleeve containing the actual shaft or a
same-size mandrel. Then, the surface of the babbitt was scraped to provide the desired clearance. This success of this
procedure was highly dependent upon the skill of the mechanic. Scraping of bearings is strictly forbidden in most plants
today and is not recommended. Many different bearing profile designs have been invented in the last century or so, but
the basic geometries are primarily constrained by cost and ease of manufacturing. Special circumstances may require
unique solutions.

Preload

Besides clearance the next most important factor of a bearing is preload. A preloaded bearing simply means that the
center of curvature of the pad is not coincident with the geometric center of the bearing. Preload can be thought of as
the percentage of clearance reduction. No preload means, with a centered shaft, even clearance all the way around and
50% preload would reduce the clearance by half at the closest point. Typical industrial bearings have preloads in the
zero to 50% range. Preload is easily and cheaply added to a plain circular bearing. It is good to avoid getting too close
to zero preload so that tolerances will not cause you to end up with negative preload. Negative preload pinches the inlet
and outlet of the pads causing a scraper effect that will starve the bearing of lubrication.



Zero Preload Positive Preload

Figure 23 - Pad Preload Definition

Offset

The other geometric parameter that is controlled is offset. When the closest clearance is half-way along the arc of a pad,
this is the most common and is called 50% offset. Offset can be increased past 50% but offsets less than 50% are not
normal and not recommended. Offset is easily manufactured and difficult to detect. An offset condition can be very
useful both in controlling the stiffness and damping characteristics as well as reducing operating temperatures. The
increase in offset opens the inlet side of the bearing pad admitting more fresh oil. Bearings with offset greater than 50%
should not be run backwards since this essentially creates an offset less than 50%. In practice, offset bearings always
include positive preload as well.

S0% Offget =50% Offzet
Figure 24 - Pad Offset Definition

JOURNAL BEARING TYPES
As mentioned above, the simplest bearing geometry is a circular bushing. It turns out that this is adequate for many
machines and a poor bearing for many other applications. Some of the other common geometries of bearings are:

o®Partial Arc Bearing

This is a bearing without a top half. Used with known unidirectional loads and to save energy. Has reduced damping
and less ability to withstand vibration than a whole bearing. This type is not normally a good choice. Sometimes these
are used to minimize friction and most often found in electric motors.

® Axial Groove Bearing

In its simplest form this is a plain circular bush with 2 or more axial grooves for oil distribution. Typically the 4-pad
design is found but higher number of pads may be used. May be used when the load angle changes as operational
variables change. This design has slightly better stability than a plain bearing without grooves.

oElliptical (or lemon bore) bearing

Elliptical bearings are very common. In some applications bearing “crush” is specified which changes a circular bush
into an elliptical arrangement. This bearing has better dynamic characteristics over a plain bearing and is more stable.
Usually the horizontal clearance is 1.5 times to twice the vertical clearance (33 to 50% preload). The angle of the split
between halves can be re-oriented for the best load capacity and damping. Dynamically this is a highly asymmetric
bearing. The stiffness in the direction of the greater clearance is often an order of magnitude less than across the tight
clearance direction. Damping is also significantly less in the direction of the maximum clearance.



® Multi-Lobe Bearings
Multi-lobe can refer to any number of lobes with the designer taking advantage of the ability to control the geometry of

each pad. This usually means adjusting the preload and offset for each pad. The load angle can also be selected for
optimum conditions. The three-lobe bearing is the most popular configuration but can be expensive to manufacture.
Figure 25 shows a typical 3-lobe bearing and figure 26 shows the hydrodynamic pressure profile created by the individual
lobes. The bearing designer can select the clearance, preload, and offset of each pad as well as the load orientation on-
pad, between pad or somewhere in between. The optimum configuration will depend on the rotordynamics. Multi-lobe

bearings like these are very useful in vertical machines.

/ |
/ I

Figure 25 - Multi-Lobe Bearing Figure 26 - 3-Lobe Bearing Pressure Profile

o Offset half bearing
This is a very simple and very effective bearing in some applications. It is a 2-pad multi-lobe with 100% offset. The

pads are almost always preloaded as well. It is easy to make by boring a plain bushing off-center and the flipping the
top half around. This bearing will not tolerate reverse rotation.

R
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Figure 27 - Offset Half Bearing Figure 28 - Offset Half Bearing Hydrodynamic Pressure Profile



® Pressure Dam Bearing

Pressure dam bearings, sometimes called pocket or step bearings, are plain bearings that may (rarely) have preload and
even offset. Typically they are two-lobe bearings with a pocket cut out of the top half (or unloaded half) that creates an
oil dam. The circumferential velocity head of the oil suddenly being impeded by the dam is converted to pressure head.
This pressure head imposes a downward load on the shaft that will increase the eccentricity and may stabilize the system.
This design also significantly increases the bearing stiffness and may cause the critical speed amplitude and amplification
factor to increase. This is often an excellent first design modification if oil whirl is encountered with plain bearings.
The height of the dam should be about the same as the diametral clearance of the bearing and up to 3 times that clearance.
A deeper pocket will have significantly reduced effect. If this bearing wears and clearance increases, the effectiveness
of the dam will be diminished. Some designs now use multiple pockets, particularly in vertical machines where there
is no gravity load. Computer programs are necessary to evaluate such cases. As always, a system design approach will
be necessary to evaluate whether this bearing is appropriate. This bearing is also unidirectional in rotation.

P
e)

Figure 29 - Pressure Dam Bearing Figure 30 - Pressure Dam Bearing Hydrodynamic Pressure Profile

o Tilting Pad Bearings

Tilting pad bearings are becoming the design of the turbomachinery industry. They are very robust, able to be designed
to optimize the rotor dynamics and widely accepted as the very best bearing you can get. Tilting pad bearings also have
no significant destabilizing cross-coupling. They can be costly and may not always be the best choice when all factors
are considered. Figure 31 shows a typical modern tilting pad bearing. Figure 32 is a typical hydrodynamic pressure
profile for two tilting pad bearings with different load orientations. Besides clearance, preload and offset, the bearing
designer can choose the number of pads, different pivot arrangements, different types of end seals and load orientation.
By choosing a 5 pad bearing with load directly over one pad the horizontal and vertical stiffness will be significantly
different than a 4-pad design with load between pivots which will have symmetrical characteristics. Figure 33 shows
this comparison. Note that Kxx is shorthand for the horizontal stiffness and Kyy means vertical stiffness. Thus, for a
particular machine, the various factors may be manipulated to achieve the frequency of critical speeds, the lowest critical
speed amplitude response, the lowest operating speed vibration, and the best rotor stability. Figure 33 indicates that the
stiffness of the 5-Pad bearing with load between pivots will have a horizontal stiffness less than 1,000,000 LB/IN and
a vertical stiffness in excess 0f 2,500,000 LB/IN. However, if a 4-Pad bearing is selected with load between pivots, the
horizontal and vertical stiffnesses are equal at around 2,000,000 LB/IN throughout the speed range.
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Figure 31 - Exploded View of Tilting Pad Bearing

Figure 32 - Hydrodynamic Pressure Profile for Two Tilting Pad Bearings



3,000,000

2,600,000 —— 5-Pad LOP
B Kyy
E 2,000,000 ——
= A 4-Pad LBP
[ - a . 0 .
— B - Bearing Dimensions
" [ Kxx=Kyy 6 Inch Diameter
& 1800000 4Inch Length
1 : 4,000 Pound Load
:E L Clearance =9 Mils
EE [ W/LD = 167 PSI
7] 1,000,000 —_—

5-Pad LOP \

500,000 =

|

|
2,500 5,000 7,500 10,000

Rotor Speed, RPM

o

Figure 33 - Using Load Orientation and Number of Pads to Fine-Tune Bearing Stiffness

® Specialty Bearings

There are many other types of bearings. Even today “new” bearing advances are announced with some regularity. Many
of these are variations of concepts that are quite old. Specialty bearings fill niche markets where certain dynamic
characteristics are required or space is limited, etc. A few of the more common types are:

Hydrostatic Bearing - This bearing uses high pressure oil supplied to a number of ports in the bearing. This creates a
very stiff oil film and is often used in high precision spindles and high speed turboexpanders. By varying the supply
pressure, active control of the bearing dynamics has been demonstrated. A complex hydraulic system is required as well
as a sealed environment to control leakage.

Flexible Pivot Bearing

This is a fixed pad bearing which has a flexible beam attachment of the pad to the shell instead of a separate pivot like
the tilting pad bearing. It has less cross coupling than a fixed pad bearing but more than a tilting pad bearing. Useful
where limited radial space precludes the use of a tilting pad bearing.

Hydraulic Lift Bearing

This is usually a plain bearing with high pressure oil injected at the bottom to “float” the shaft before rotation begins.
Used for very heavy shafting like large generators to avoid damaging the babbitt during slow-roll, startups and
shutdowns. This design also makes turning the shaft for alignment much easier. Sometimes requires maintaining high
pressure during the run or load capacity can be severely reduced.

Hybrid Bearings

Combining several different designs into one bearing can create unique bearings for solving difficult rotordynamics
problems. For example, the author once combined a 3-lobe bearing with two pressure dams that successfully stabilized
a machine that could not be fitted with tilting pad bearings.



Comparing Bearing Performance - Critical Speeds

The first critical speed of a machine must often be passed on the way up to operating speed. Thus, the rotor amplitudes
and amplification factor are important especially at those locations where the highest amplitudes occur and rubs are most
likely. Figure 34 is symbolic of a rotor that would be sensitive to rubs at the first critical speed in the center of the rotor.
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Figure 34 - Compressor Rotor Used for Bearing Comparison

To illustrate how different bearings would perform in such a machine, each of the common fixed-profile bearing types
was analyzed in the vicinity of the first critical speed and the results are plotted in figure 35. In all cases the bearing L/D
ratio, clearance, and load were held constant. The plain, elliptical, 3-lobe and offset half bearings showed similar
amplitudes while the much stiffer pressure dam bearing did not do well at all. Table 3 is a summary of the results for the
fixed profile bearings.

Bearing Type Critical Speed, RPM [ Maximum Amplitude, Mils P-P [ Amplification Factor
Plain Journal 4,200 33 11.6
Elliptical 4,100 2.8 9.2
Offset-Half 4,075 29 9.2
3-Lobe 4,000 3.2 114
Pressure Dam 4,250 9.0 30.0

Table 4 - Fixed Profile Bearing Critical Speed Performance

With a rotor as flexible as the one in this example, changing bearing type results in a change in the critical speed
frequency of only about + 3 percent.
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Figure 36 compares the plain bearing critical speed performance with three variations in tilting pad bearings. As before
the clearance and L/D ratio was fixed. Each tilting pad bearing had a nominal preload of 20 percent. The plain bearing
response is included for comparison. Any of the tilting pad designs is significantly better than the plain bearing or any
of'the other fixed profile bearings. Table 5 is the summary of the results. The 4-Pad design actually has an amplification
factor below the limit where API considers this response peak to be a critical speed.

Bearing Type Critical Speed, RPM [ Maximum Amplitude, Mils P-P [ Amplification Factor
Plain Journal 4,200 33 11.6

5-Pad, LOP 4,125 2.1 4.5

5-Pad, LBP 4,325 1.8 3.2

4-Pad, LBP 4,525 1.5 24

Table 5 - Tilting Pad Bearing Critical Speed Performance
Rotor-Bearing Stability

It is important to discuss rotor dynamic stability in conjunction with journal bearings. Oil whirl and oil whip are
relatively common phenomena. See references 13 through 20 for many useful stability articles. Instability usually means
high levels of subsynchronous vibration. Often a tilting pad bearing is fitted to solve the problem but this may not always
work. Tilting pad bearings do not contribute to the instability but a rotor may still become unstable if the available
damping is not sufficient to counter the destabilizing forces generated by seals and aerodynamic effects. Any bearing
change in a machine should be throughly evaluated for imbalance response, stability, temperature, and maintenance
considerations. There are now API standard paragraphs in RP684 for stability of turbomachinery. If we assume the
operating speed of our fictional compressor is 9,000 RPM and calculate the stability with each type of bearing discussed,
the results in table 6 indicate that a tilting pad bearing is going to be required. With some tweaking the offset half and
3-lobe designs could possibly be made stable but only just and nowhere near the stability afforded by the tilting pad
designs all of which are very stable and could handle significant cross coupling. Note that all of the tilting pad bearings
listed here have their pivots in the center of each pad. If you were to introduce pivot offset as is sometimes done for
bearing temperature control, the stability would decrease significantly because pivot offset significantly increases the
bearing stiffness and reduces effective damping. All aspects of a machine’s rotordynamics should be considered when
selecting the bearings.

Bearing Type Logarithmic Decrement
Plain Journal -0.38
Elliptical -0.13
Offset-Half -0.03
3-Lobe -0.07
Pressure Dam -0.21
5-Pad, LOP 1.12
5-Pad, LBP 1.05
4-Pad, LBP 1.04

Table 6 - Stability Comparison for Different Types of Journal Bearings



FLUID FILM BEARING DO’S and DON’TS

DO:

1. Always use the proper lubricant as determined by
the manufacturer or engineering.

2. Understand the additive package in your lubricants
to avoid potential conflicts with process fluids and/or
component materials.

3. Provide proper cooling to the bearing and the
lubricant.

4. If applicable, provide proper filtration to the
lubricant.

5. Implement a regular oil analysis program for all
critical machinery. Monitor lubricants for viscosity
changes, wear metals and contamination, especially
water.

6. Stay within design guidelines on clearances.
General rule is 1.5 mils (0.0015 inches) per inch of
shaft journal diameter. 3.0 mils/inch diameter is
excessive clearance in most cases.

7. Handle bearings carefully. Babbitt surfaces are very
soft and thin liners are easily distorted.

8. Inspect bearings under magnification or have a
professional evaluation before reuse. Early fatigue
damage is usually invisible and other damage like
electrostatic discharge may not be readily apparent.
Replace bearings if any doubt exists as to the
serviceability of the used bearing. Tilting pad bearings
may have back-of-pad and pivot wear and brinelling
concerns.

9. Lubricate bearings during replacement with a heavy
prelube oil such as an ISO 460 especially if a lot of
shaft rotation will occur as during alignment.

10. Monitor bearing temperatures, preferably metal
temperature with embedded thermocouples or
resistance temperature detectors (RTD). Calibrate
transducers before installation in the bearing. Install
dual sensors in case one fails - leave the spare
unconnected. Drain temperatures, while useful, will not
give an early enough indication of heat problems.

11. Carefully protect the temperature device leads
during handling and installation.

12. If a bearing is spherically mounted, ensure line-to-
line contact or a slight crush. These bearings do not
self align! The user must manually align these
bearings.

13. Inspect all bearings and inspect the shops making
or repairing your bearings. Many rebabbitting shops
are not qualified to repair all types of bearings. Ask
where they get their babbitt and what quality controls
are used. Is babbitt welding and babbitt casting done?
14. Use common sense. Treat the bearing with respect
and you will get good service. Follow the rules
specified by API and the guidelines proposed in this

article.

15. Fix damaged shaft journals with submerged arc
welding or plasma spray - NOT chrome plating.

16. If you find any lead babbitt bearing material
replace it with type 2 high tin babbitt which is much
stronger and environmentally friendly.

DON’T:

1. Never use unapproved substitute lubricants.

2. Never mix different lubricants unless the
combination has been evaluated and approved -
different additive packages may react. Never mix
mineral oils and synthetic lubricants. Using synthetic
oil in a system previously using mineral oil may loosen
old deposits.

3. Never bypass oil filters or coolers.

4. Installing bearings too tight or too loose is a recipe
for disaster. Never set clearances in a tilting pad
bearing in the field - this must be done in a qualified
shop.

5. Do not use automotive viscosity enhancers (e.g.
STP) when fitting bearings.

6. Never hand scrape bearings for proper fit. Take the
time to have bearing properly machined by a qualified
shop. No pocket knives touching babbitt!

7. Never pry or hammer a bearing liner out or back into
place.

8. Throwing a babbitt bearing into the parts bucket
usually means you ruined it.

9. Never install temperature sensors in the babbitt,
rather 0.030" behind in the steel backing. Those wires
sticking out of the bearing are not used to carry the part!
10. Don’t use the low bid to buy or repair bearings.
Reusing babbitt from old jobs or overflow is forbidden.
Tiny contaminations can lead to early bearing failure.
11. If there is a choice, don’t use spherically seated
bearings, use cylindrical fits.

12. Do not roll shafts in Teflon® strips or “V” blocks
due to micro embedment. This could result in the shaft
being unable to properly “wet” and causes failure.

13. Never let oil reservoir or sump temperature exceed
200°F.

14. Don’t expect thick babbitt (e.g. 0.060") to be better
than “thin” babbitt (<0.015") The fatigue resistance of
thin babbitt can be more than 10 times greater than
thick babbitt.

15. Don’t use copper backed pads in the initial design
unless there is no other option. This method of
increasing capacity should be ‘“held-back™ in case
additional capacity is needed in the future. It is easier
than increasing bearing size.

16. Don’t ever disassemble a machine without
measuring the bearing clearances “as-found”. This is
the only chance you get to obtain this data which is an
invaluable diagnostic tool.



17. NEVER coat a fluid film bearing journal with
chrome. Use almost any other coating. Chrome is
porous and water may get trapped behind the chrome
and pop off the chrome layer causing catastrophic
failure.
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13.1 Introduction

Any bearing can be simply defined as a support or guide which
at the same time allows relative movement to take place between
two bodies. In a diesel engine, the principal bearings are those
which allow rotation of the crankshaft about its own longitudinal
axis in the main engine entablature, and those between the
connecting rod and crankshaft. In modern ¢ngine terminology
a bearing has come to mean the component fitted between the
journal and either the main bearing housing or the connecting
rod, the shaft being supported in the bearing via an oil film.
Figure 13.1 indicates the interaction between the various
components in any enging bearing assembly, and the environment
within which the bearing systern must operate’.

The co-operating surface, the [ubricant and the environment
all place constraints on the bearing, the resulting design vsvally
being a compromise between various conflicting requirements.
In relation to the bearing itself, the choice is usvally restricted
to material and geometry. However, environmental factors have
to be taken intoe serious consideration at the design stage if a
reliable system is to be achieved,

13.2 Bearing design

13.2.1 Wall thickness

To achieve optimum wiilization of space, reliability and re-
peatability of the bearing assembly, thin shell bearings have
been almost universally adopted in modern diesel engines, and
fitted retrospectively into many older engines. Such a bearing
allows the use of a wider range of surface lining materials than
would otherwise be possible.

The thin shell bearing is a precision made pre-finished
component consisting of a steel backing with a thin coating of
the most appropriate lining material necessary 1o provide sufficicnt
strength for the applied loading and compatibility with the general
cnvironment, The overall thickness/diameter ratio is not critical,
but typically varies from 0.05 at 40} mm diameter 1o (.02 at 400
mm as shown by Figure 13.2.

13.2.2 Interference fit
The assembled form of a thin shell bearing is dictated by the
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Figure 13.2 Wall thickness/diameter for thin wall bearings

tolerance to which it can be manufactured, and by the housing
into which it fits. To ensure conformity of the bearing shell to
its housing, an accurate interference fit has 10 be provided. This
is obtained by means of an excess peripheral length in each
hall-bearing which has to be closely prescribed to allow inter-
changeability, requiring precise quality controd of every half-
bearing in a checking fixture (Figure 13.3). On assembly the
excess peripheral length creates a circumferential stress around
the bearing, and a radial contact pressure between the bearing
back and the housing bore. This contact pressure resists relative
movement, thus preventing fretting. Unfortunately, there is no
theoretically correct level; housings with high flexibility require
more contact pressure than stiffer ones. On carly engines, having
thin shell bearings, a contact pressure as low as 2MPa was
usvally sullicient to resis1 tretting. but as engine ratings increased,
and housing stress analysis became more sophisticated, higher
pressures became necessary, often reaching 8-10 MPa today. In
these very high interference fir assemblies, particular care has
to be taken to ensure that the joint face clamping bolts have
sufficient capacity to assemble the bearing. and to resist dynamic
separating forces generated by engine operation.

As the contact pressure is increased for any given bearing
size, the circomferential stress increases 10 the point where the
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Figure 13.3 Checking peripheral length of a thin shell bearing

steel backing begins to yield adjacent to the joint faces. Knowing
the combined effect of baaring steel yield strength and the friction
force for bearing assembly. a wall thickness can be determined
which will avoid yietd, although in some automotive-type engines
this may not be feasible.

Increased contact pressure requires a greater bolt tension for
fitting bearing caps to their opposite half-housings. and as higher
values are incorporated, mieasurement checks should be carried
out on prototype assemblies to ensure that satistactory closure
of the housing joints occurs. Figure /3.4 shows g convenient
method of checking this closure, the micrometer readings being
taken as the bolt load is graduvally increased. Insufficient bolt
pre-load would resultin fretting between the bearing and housing,
and could allow the housing joints to separate, giving rise to
high dynamic loading of the bolts, with possible fatigue fracture.

To reduce the tendency to fretting, it is recommended that the
centre line average {CLA) of the housing bore surface finish
should nat exceed |.6 pghm, Bearing backs are typically 0.8 s
CLA surface finish and, in highly loaded zones. should not be
unsupported. Cyclic variation of hydrodynamic oil pressure on

Flgure 13.4 Method of checking housing joint face closure

the bearing surface will cause the bearing o flex in these
unsupported regions. [f, for example. there are grooves or oil
holes behind the bearing surface, fretting will almose certainly
occur. If flexure is sufficiently great, the lining material on the
bearing surface can also suffer fatigue damage. Figuwre 135
shows fretting damage on the back cavsed by a combination of
insufficient interference fit and lack of support. The resulting
flexure has also caused the lining material on the bore surface
ta fatigue.

Provided a bearing is manufactured to the defined length and
wall thickness limits, and the housing and bolting arrangements
are satisfactory, correct assembly siiould be achieved every time,
with bearing shells being interchangeable. However, locating
tangs and free spread greatly assist correct assembly of thin
shell bearings, particularly replacement in siti.

13.2.3 Locating tangs

Locating tangs allow correct axial positioning of bearing shells
thereby ensuring alignment of cil transfer passzges and clearance
between the ends of the bearing and crankshaft fillets. The tang
is located in a corresponding recess in the housing and must be
a clearance fit. otherwise the bearing surface may distort. It is
also advantageous to relieve the tang below the level of the
bearing joint face. thus reducing localized pressure on the tang
during assembly.

Tangs are not intended to resist rotation of the bearing shell:
that is achieved by the contact pressure. If, under seizure con-
ditions, this contact pressure cannot prevent rotation, the tangs
are either sheared or flattened.

13.2.4 Free spread

Free spread is the term given to the excess dimension across the
bearing joints with the bearing in its free state, compared with
the housing diameter. This allows the bearing to be positively
ocated radially and should generage sufficient fricrion o hold
the shell in its housing even when inverted.

Following operation in an engine, bearings may show a loss
of free spread on removal for the following reasons:

(i) The lining of a steel-backed bearing, because of its higher
thermal expansion, can yield in compression at operating
temperature producing a residual tensile stress when cooled to
room temperature, This effect becomes greater with higher lining
to steel thickness ratio,

(ii) A high radial temperature gradient across the steel backing,
dve to malfunction, can cause differential yield and therefore
additional free spread loss.

{iii) Relief of strains induced during fitting or by the manufacturing
and machinine nrorsoes

Figure 13.5 Fatigue and fretting damage dus 1o insufficient interference
fit and unsupparted region of the bearing back
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The forces which result in free spread loss after releasing the
bearing from its housing are of relatively small magnitude and
will not cause malfunction of the bearing whilst in operation.
Problems only arise upon reassembly, particularly if one half
has negative and the other positive free spread. The half with
the negative free spread may become trapped against the shaft
and lead 1o overheating or seizure. Therefore bearings with
negative free spread should not be refitted.

13.2.5 Loading on crankpin and main bearings®

The load on both crankpin and main bearings varies in magnitude
and direction with time. When studying the performance of
such bearings, it is necessary to determine these loads, over
each complete loading cycle. Such data are usually presented as
polar load diagrams.

The loads on the connecting rod big end bearing can be
attributed to three components; reciprocating inertia forces,
rotating inertia tforces and gas forces, as shown by the two
diagrams of Figure 13.6. Vector addition of these forces at regular
intervals of crank angle results in the typical polar load diagram
of bearing forces for one loading cycle shown in Figure 13.7.

The loads on main bearings are partly due to force reactions
from the big end bearings and partly due to out of balance of the
crankshaft. The out of balance of the crankshaft is usually reduced
by the use of balance weights. When considering the forces
from the big end bearing, it is necessary to orientate them to the
same non-rotating datum as the main bearing (i.e. relative to a
cylinder axis).

In a multi-cylinder engine, which generally in the modern
engine has a main bearing between each crank pin, the force on
that main bearing is usvally assumed to consist only of forces
from components in the two crank bays immediately adjacent
to that bearing. The resultant force is obtained by treating the
crankshaft as a series of simply supporied beams resting on
supports at the main bearings (statically determinate methed).
By this means, component forces closest to any one main bearing
have the largest effect on that bearing. Then, in much the same
way as the polar load diagram of the big end bearing is built up
aver a complete loading cycie, the overall dynamic load pattern
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on each main bearing is obtained by vector addition of all the
forces at each interval of crank angle.

13.2.6 Prediction of oil film thiekness

Once the dynamic load pattern as a function of time has been
etablished for any bearings in the engine, it is possible to predict
the minimum oil film chickness, and its position on the bearing
surface. at each position of the load diagram. Several different
procedures exist for this prediction, varying in complexity and
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hence in validity with the real case. Each method makes some
attempt to solve Reynolds equation governing the performance
of hydrodynamic bearings. Some of the methods available
are:

(a) Hand calculation, using an equivalent speed concept™*¢

{b) Graphical procedures for the complete locus, using mobility
methods”.

(¢} Approximate method to predict the minimum film thickness
in the cycle where ‘squeeze intervals™ predominate®

(d) Comg’»uter methods which predict the complete journal
locus 2 15-

(¢) Imertia load studies'"

(f) Experimental results®.

All these methods are thoroughly reviewed by Campbell ez
af.®, but whilst each technigue has specific advantages in particular
circumslances, those most generally employed involve the use
of computer metheds to predict the complete journal locus over
the whole of each loading cycle. The advantage of rapid, low-
cost computer programs is that predicted results can be achieved
and compared for a large number of different types and sizes of
engincs at various operaling conditions, With the greater flexibility
afforded by the use of computers, bearing analysis will continue
to advance, but whilst it s already possiblc to give some
consideration to housing, crankshafr and bedplate distortion,
the most cominon computer lechniques still treat the crankshaft
as a series of simply supported beums. For medium- and slow-
speed engines. this is probably realistic due 1o the high crankshaft
stiffnesses demanded by stress limits, and the high standard of
bearing alignment enabled by current machine tools and
production methods.

Other basic assumptions usually include: perfect alignment
of shafl and bearing through the loading cycle; vuly circular
shaft and bearing: infinitely rigid bearing housing and jourmal;
viscosity unaifected by variations of emperature and pressure
around the bearing and through the cycle; and that negative oil
film pressures can be naglectcd.

From the numerous bearing calculations carried out by the
Glacier Metal Co., with use of computer calculation pracedures
incorporating the above assumptions, it has been possible to
prepare a graph of computed minimum film thicknesses for
different shaft diamesers (Figure 13.8), This facilitates comparison
of calculated values for any other engine against the norm.
but does not allow absolute limits (o be set. Deduced tevels of
0.000 008 per unit diameter for large ends, and 0.008 Q1 per
unit of diameter for main bearings have been superimposed.
Further experience, improved production methods, filtration,
etc., will presumably allow these levels to be reduced in the
future.

A similar exercise was camied out to compare the calculated
maximum specific bearing loads (Figure 73.9) for the same
engines as with the minimum fitm thicknesses of Figure 13.8.
The wide scaster band shown by these results is to be expected,
but as with the film thickness values. they allow direct comparison
with existing practice for any engine design. particularly at the
design stage.

13.2.7 Grooving configuration

The simplest grooving arrangement is to have a central
circumferential groove of 360° extent in all bearings. This allows
unimpeded oil transfer from one area 1o another. Hydro-
dynamically, the absence of all grooving is the optimum, and so
a compromise between the hydrodynamic requirement and the
phystcal requirement of supplying oil has to be made. This
often results in the so-called partially grooved bearing in which
there is a central circumferential groove of less than 360° extent.
Such a partially grooved bearing usually allows an increase of
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the order of 100-200 per cent in the oil film thickness in the
original thinnest film region.

‘When partially grooved bearings are adopted, a system of
interconnected cross dritlings in the crankshaft is necessary to
allow a constant supply of oil to each bearing, or to the piston.

Positioning of. and il supply passages to. partial grooves
can be critical. Predicted oil film thicknesses are based on the
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assumption that oil is available at all times within the clearance
space to allow a film o be generated. Thus any arrangement of
partial grooving must allow sufficient oil 1o be supplied to the
required region of the bearing surface.

Two further distinct disadvantages of the partial groove design
of bearing are described in the section on bearing damage. These
are differential wear of the crank journal, and cavitation erosion
of the bearing surface’’.

Thus one should not automatically design partially grooved
bearings purely on the basis that increased oil film thickness
will be achieved. Alternative metheds of improving the film
thickness should also be investigated if improvement is consi-
dered necessary. This includes increase of bearing dimensions,
adjustment of engine masses and modilication of firing orders.

13.2.8 Clearance'?

There are no precise limits on what clearance there should be
between bearing bore and journal surface. and it is often
determined by expericnce, As clearance is increased, the
theoretical load-camrying capacity is reduced, but this assumes
that bearing temperature and oil viscosity are constant. However,
an increased quantity of oil can be pumped shrough the bearing,
thus keeping i1s temperature lower. Too high a value of clearance
in any plane around the bearing may also result in cavitalion
erosion damage'?. Thus there is a range of clearance ever which
optimum bearing performance can be expected. Figure 13,10
presents curves of a semi-empirical nature based on a theoretical
heat balance for sieadily loaded bearings. These curves can be
considerably simplified, by the superposition of a practical band
of shaft sizes over a given speed range. Comparison of these
two sets of curves results in a generalized value for minimum
diametral clearance of 0.00075 x bearing diameter, Manufac-
wring tolerances of shaft, housing diameter and bearing wall
thickness then result in a maximum design clearance somewhat
greater than 0.001 x bearing diameter,

When oil film thickness computations are carried out on a
comparative basis for various values of clearance, allowing for
the [ower temperature and higher viscosity corresponding to the
larger clearances, it is often found for the medium-speed range
of engines that optimum oil {ilm condilions vccur at a clearance
of approximately 0.001 x bearing diameter, but over a region
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0.000 75-0.0045 » bearing diameter there is usually only a
small change in the predicted conditions. This upper limit of
0.0015 x bearing diameter can be used as an indicator for limiting
wear during engine operation, although absolute limits for any
particular engine type can be determined only by experience
with that engine type. An additional practical limit can also be
imposed by oil pump capacity.

13.3 Bearing damage

The main difficuity of establishing separate categories of damage
is that they are often related, or that damage initiated by one
cause can result in another effect. However, the commonest
types of bearing damage likely to be experienced by diesel
engine operators can be approximarely classified under the
following 10 categories (Sections 13.3.1 to 13.3.10).

13.3.1 Abrasion

This is still probably the most commeon form of bearing damage,
even though filtration standards are generally very high, Long
term operation with very fine debris in the oil, or short term
operation with coarser contaminant can resull in abrasion and
scoring of the surface of a bearing (Figures 13.71 and 13.12)
roughening it to such an extent that overheating can occur due
to the surface roughness penetrating the thin oil film. Altematively.
ferrous particles can become embedded in the bearing lining or
soft overlay and become work hardened to a level higher than
that of the crankshaft, resulting in wear and scoring of the shaft.
The presence and degree of ferrous contamination in bearing
surfaces can be detected by the technique known as iron printing.
In essence, this consists of obaining a chemical reaction between
the embedded particles and a weak solution of polassium
ferracyanidc held in a filter paper placed on the bearing surface.
Generally speaking, a wom bearing should be renewed, when
discovered, if approximately one-third of the projected area of
copper-lead or nickel interlayer is exposed. Wear through to
expose underlying tin-aluminium is not necessarily a cause for
renewal, unless the bearing shows signs of overheating, scuffing,
or entrapment of particles proud of the bore surface.
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Fatigue of the galvanically apptied overlay plate is shown in
Figure 13.14. This layer is applied to the majority of medium-
speed engine crankshaft bearings to accommodate oil-borne
debris, misalignment and operating deflections.

13.3.3 Corrosion

The different bearing alloys suffer corrosion under different
conditions.

Tin-base white metals, particularly in the slow-speed diesel
enging, can form a hard, dark (almost black) brittle surface
deposit when water is present in the lubricating oil. This has
been found to be tin oxide, formed by conversion of the tin
Figure 13.11  Abrasion by small contaminant over a long period matrix of the Kining by an electrochemical process', and becomes
thicker with time. Layers as thick as 0.25 mm have been found.
Under these conditions, the bearing becomes prone to overheating
and seizure. Alternatively, due to the brittle nature of the layer,
it can flake oft the surface, leaving a generally pitted appearance.

Copper-lead lining, if exposed 10 a lubricating oil which has
thermally degraded to form organic acids and peroxides, or
become contaminated by sulphur containing fuel otls. blow-by
of products of combustion of such fuels, or cooling water with
antifrecze additives, is prone to corrosion of the lead phase of
the lining, be this either of the cast or sinter type. Such attack
results in a porous, extremely weak, copper matiix which is
eusily fatigued by the dynamic loads applied to the surface

Figura 13.12 Severe scoring by a few large particles (Figure I 3 15). o . .
Aluminium-based linings are completely resistant 10 engine
13.3.2 Fatigue ¢ils. and Lo their high-temperature degradation products. However,
in direct centact with water. a film of aluminium oxide can form
With the general introduction of stronger bearing linings, and ~ in the bore, together with corrosion of the steel backing and

improved calculation procedures, fatigue due to design overload
is uncommon. Typical fatigue damage of white metal is shown
in Figure 13,13 due to a combination ol load, high iemperature,
and the inconsistency of white metal structure resnlting from
the direct lining of a large variable-crass-section housing. Fatigue
damage of the stronger lining of the modern diesel engine is
usually a consequence of some other problem, as was shown in
Figure 13.5.
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b

Figure 13.13 Faligue damage in direct-lined white metal crosshead Figure 13.15 Loss of surface malerial caused by corrosion of the
bearings tead phase



possible lifting of the lining material, although in an oil environ-
ment in an engine. this is virtually impossible.

13.3.4 Wiping

This type of damage (Figure 13.16) can occur with any lining
material, and is caused by insufficient lubricating and cooling
oil on the bearing surface. This results in overheating and
evenwally melting of the fowest melting-point phase of the
lining alloy. Potential causes of insufficient oil on the bearing
surface include inadequate generated oil film thickness,
insufficient clearance, housing distortion, restriction in oil supply
system, excessively worn bearings in other locatiens and
inadequale oil pump capacity.

13.3.5 Cavitation

Cavitation crosion damage 1o bearing surfaces is a form of
micro fatigee cracking, initiated by the collapse of vapour cavities,
and is thoroughly discussed in Reference 12. Typical damage 10
a large end bearing is shown in Figure 73./7 and 10 a main
bearing in Figure 13.18.

Figura 13.17 Cavitalion erosipn of a large end bearing

Figure 13.18 Cavitation erosion of a main bearing
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13.3.6 Fretting

Figure 13.19 shows a severe case of fretting of a bearing dve to
insufficient contact pressure, local welding and tearing having
taken place between the bearing back and housing bore, resulting
in transfer of metal from one to the other. Where fretting of the
Jjoint faces of the bearing occurs, as shown in Figurel3.20, this
usually implies inadequate joint face clamping force. Fretting
of the hovsing joints can also be expected vnder these conditions.
Before fitting new bearings where fretting has occurred, all
trace of fretting build-up in the housing must be removed to
avoid premature catastrophic damage of the new bearing.

13.3.7 Design faults

Major design faults will not generally be evident in production
engines because they would have been found out very quickly
during pre-production development testing. Some faults however,
do not necessarily cause problems, but require certain other
conditions to exist also. An example of this would be blind
location features, such as a dowel fitting in a hole in the bearing
back. If positioned away from the heaviest loaded region of
the bearing, this would not cause problems, unless during
assembly or re-fitting the dowel was not located correctly in the
hole.

A bearing load diagram which resulis in an almost pure rotating
load pattern, i.e. where the load vector on the bearing surface
travels at approximately shaft speed, can result in wiping and
overheating even though the theoretical oil film thickness is
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Figure 13.19 Fretling of a bearing back due to insufficient contact
pressure
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Flgure 13.20 Fretting of a bearing joint face due to inadequate bolt
load
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greater on that bearing than on others in the same engine. Such
a condition is more likely to exist in an engine running on very
light load and full speed. The solution is 1o fit larger balance
weights to counteract the inertia forces of the crankshaft and
connecting rods. Adverse load patterns can be further aggravated
by incorrect pasitioning of oil holes in journal surfaces, and
damage due to this cause is typified by Figure 13.21.

13.3.8 Incorrect assembly

The commonest causes of incorrect assembly are associated
with locating devices, Incorrect positioning will mean that il
feed connections are misplaced and can block off the oil feed.
Incorrect location of 4 tang into its recess means that the bearing
back will not be in contact with the housing, and the clearance
between the bearing bore and the crankshaft can be tost, resulting
in local overheating of the bearing surface, and possibly seizure.

Having located the bearing correctly inlo its housing, care
must be taken to ensure that the housing bolis are correctly
tensioned. Insufficient bolt load due to incorrect tightening can
result in the damage shown in Figure 13.20 and also excessive
dynamic stressing of the bolts and ultimate fatigue fracture, The
bolts should also be tensioned in the prescribed sequence given
in the engine manual. Failure to [ollow the sarme sequence may
resull in a modified bore shape and unsatisfactory bearing
performance.

13.3.9 Environmental Facturs

13.3.9.7 Electrical discharge

On generator installations, with inadequate earthing, a discharge
of corrent can accur through the oil film between the journal
surface and the hearing bore, resulting in fine, cleanly defined
pitting of the bearing surface (Figure 13.22). Damage such as
this has been found to occur with an electrical potential in excess
of only 50 mV.

13.3.9.2 Journal wear ridge

Wear of the journal surface can occur due to embedded hard
contaminant in the bearing surface. Less wear occurs in the
region associated with grooves, gradually producing a ridge on
ihe journal surface, which in lurn causes wear of the bearing
surface (Figure 13.23) of partially grooved bearings.

13.3.9.3 Satic fretting

The damage shown in Figure 13.24 is caused by vibration of a

Figure 13.21 Surface damage due to incorrectly positioned oil hole

- e et s

Figure 13.23 Wiping and overlpading of a local region of the bore
surface

Figure 13.24 Damage to bore surface caused by crankshaft vibration

crankshaft within the bearing clearance. The term *static” comes
from the fact that such damage only occurs when the engine is
not running. The damage can occur during transport of assembled
engines to site. In marine installations, generating sets mounted
on flexible tank tops are prone to similar damage. In such cases.
the simplest palliative is to ensure that oil is pumped through
the bearing clearance every few hours while the engine is
inoperative, although in very severe instances it may also be
necessary to redesign the mountings.

13.3.9.4 Nirride damage

The specific form of damage shown in Figure 13.25 characterized
by the vee chevrons is caused by iron nitride particles from a



Figure 13.25 Damage caused by iren nitride particles from a nitrided
journal surface

nitride-hardened shaft which has not had the thin friable layer
ground off from the surtace. To be sure of avoiding such damage.
up to 0.02 mm needs to be removed.

13.3.9.5 Misalignment

Misalignment through whatever cause is typified by a ‘D" pattern
of wear, with the longest side on one end of the bearing, as
Figure 13.26. Causes can be taper in the bearing housing or
journal surface, debris trapped between shell and housing, bruising
of the steel backing of the bearing shell or housing bore during
assembly, taper through the bore of the bearing, or a variation
in alignment of a series of main bearing bores along the engine.

13.3.10 Geometric factors

Severe wear of localized regions of the bearing surface are
generally caused by specific geometric inaccuracies, Heavy wear
in the axial cenire region is usually caused by a “barrelled
journal, whereas heavy wear at both ends of the bearing results
from an “hour glass® profile.

Figure 13.26 Surface wear associated with shaft misalignment
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13.4 Slow-speed engine crosshead bearings

Thin shell bearings for probably the most ardnously loaded of
all engine bearings, the two-stroke crosshead assembly, were
tested by the major engine builders in the early 1960s. Following
such trials. they were gradually introduced into general pro-
duction, and as loadings and conditions became even more
arduous, the thin shell pre-finished bearing has become almost
universally adopted in crossheads, and in several instances, in
the bottom end and main bearings also.

The basic problem encourtered in direct-lined white metal
bearings was lining fatigue {as shown in Figure 13.13). Adoption
of thin shell bearings permitted an improvement in metallurgical
structure and strength. particularly at the steel/white-metal bond
line by the use of centrifugal casting and improved uniform
cooling of the constant cross-section,

Moreover, once the pre-finished thin shell is adopted. it allows
advantage 10 be taken of the better fatigue properties of the
stronger lining materials. One engine range has had 40 per cent
tin-aluminium-lined bearings incorporated from inception'>. The
thin shell bearing has other inherent advantages. Carrying of
onboard spares is much more convenient. as is the re-fitting of
replacements. Spares, when required urgently, are much more
easily freighted and ship turn-round time is greatly reduced
compared with that for the assembly shown in Figure 13.13.

The bearing geometry can be much more closely controlled
as a result of specialist manufacture and absence of hand fitting.
Optimum performance of the crosshead bearing has been obtained
with the so-called bedded-are profile. This is a machinable form,
repeatable within fine tolerance, that replaces the hand-scraped
bedded-in form. The general configuration is shown in Figure
13.27. Over an arc of approximately 120°, symmetrical about
the vertical centre line, the radial clearance between pin and
bearing is almost zero. This 1s eptimum because the crosshead
bearing relies basically upon a squeeze film for lubrication.
Axial grooves pitched at the swing of the crosshead pin allow
oil to be swept onto the bearing surface. Small bleed grooves as

W,

~
i {é?égu&
W, F&
&
S
& W,
1 £ > ‘_;
Q‘é"
< Ra
Rz 2,
& 120° %
W.. ' W
Wall
W Conngctiny thickness
= fod swng O
Steal ‘ - E::','I:"'pp'y
(ﬁ Bleed
groove

Figure 13.27 General configuration of a ‘bedded arc’ crosshead
bearing
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the ends of the main axial grooves induce a flow of oil for added
cooling, and also allow lubrication of thrust faces.

Manufacturing tolerances of bearing, pin and housing create
a positive clearance between pin and bearing surface. but the
application of a precision electroplated overlay, usually 0.02—
0.03 mm thick, of a soft lead-tin on the precision-formed bearing
bore profile. allows very rapid bedding-in without localized
overheating and consequential fatigue cracking, and as such is
extremely beneficial, even on white metal.

A different approach has been taken by one engine builder'®,
using an eccentric arrangement of bearings and pins where load
15 transferred from one bearing land to ancther during the total
swing of the rod and pin. The adoption of separate shell bearings
for each land, with eccentricity in the wall thickness, simplifies
the achievemnent of the required assembdly.

13.5 Bearing metals

The purpose of the remaining sections of this chapter is to describe
the matenals used as linings for thin shell bearings, with particular
emphasis again on crankshaft bearings. The most commonly
used alloys are listed in Table 13.1.

To begin with, an outline 1s given of the properties of materials
most relevant to bearing performance.

13.5.1 Fatigue strength

Lining fatigue occurs because of the cyclic nature of the loads
applied to the bearings. Fatigue ratings for a range of bearing
alloys are given in Figure 13.28. These results were obtained on
a test rig in which a dynamic load is applied to a bearing via
hydraulic resistance against an eccentric test shaft'*, Results
from test rigs cannot be used directly for design purposes.
However. itis possible to rank materials in an order that correlates
with their performance in engines. as illvstrated by comparison
of Figure 13.28 with Tabie 13.2. which contains fatigue limits
of bearing materials derived from engine experience.

13.5.2 Scuff resistance

Scuffing, also known as seizure or scoring, is a result of local
solid-phase welding (‘pick-up’) between the shaft and bearing
surfaces. In extreme cases, scuffing leads to wiping and possibly
to complete bearing seizure.

CuPb 105 10 v+
Cu PY 22 S0 4 {+ overlay)
Al S 11 Cu 1 {+ overlay]
©CuPb 26 Sn 1.5 {+ overlay)
Cu Pb 30 {+ overlay} |2
Al Sn 6 Cu 1 Ni 1 {+ overlay) r7)
AlSn 6 Cu1Nid oA
AlSn20Cu1 VA

Al Sn 40 and Al Sn 4 Cu 0.5 17

SnSb7.5Cu33 L
Pb S 10 8n &

N
h

NNR

Lining fatigue

N L L L 1 1 L

20 40 &0 80 100 120 140 180
Fatigue rating, MPa

Figure 13.28 Fatigue ratings for a range of commercial bearing
alloys,

Table 13.2 Recommended maximum loadings (fatigue limit} for bearing
materials in slow- and medium-speed diesel engines

Material Maximam loading
{MPal
AlSnaCulNil 33
CuPb265n1 .5 38
AlSn2{ul 35
AlSnd0Cul.5 20
SnSbE.SCw3.5Cd 0.1 14
Sn8h7.3Cu3 3 12
FbSb 10806 12

The ability of a bearing material to resist scuffing depends on
three factors—compatibility, conformability and embeddability.
Comipatibiliry is an inherent tendency of a maserial to resist
solid-phase welding. A conformalbie material. is able to deform
under conditions of shaft misalignment, thereby reducing local
load concentrations and maintaining an adequate oil film
thickness. A material with good embeddability allows hard
particles to embed in the surface of the bearing. thus reducing
any abrasive damage which such particles can cause both to the
bearing and the shaft.

With metallic bearing materials, bott conformability and
embeddability are related inversely to hardness. In Table 15,1

Table 13.1 Composition and hardness of some commercial bearing ailoys

Nowinal composition (5 by weight) Hurdness*
{HV 2.5)
White-metal alloys:
Tin/7-3% antimony/3-3.5% copper Sn3b7.5Cu3.3 2729
Tin/§—9% antimony/3-4% copper/0.5-1.0%% cadmium/0.05-0.15% chromium SnSb8.5Cu3.5CdICe 28-33
Lead/O=1 1% animony/5=7% tin PoSb105n6 16-20
Lead-bronze alloys:
Copper/28-32% lead CuPb30 46-51
Copper/24.5-27.5% [ead (-2% tin CuPb6S0l.3 78-82
Copper/20-24% lead/3.5-5% tin CuPb225n4 98-105
Copper/d-11% lead/-1 1% 1in CuPb O3S0 124140
Aluminivm alloys:
Aluminium/37-43% tin AlSnd0 23-25
Alvminiuny37—43% (). 3-0.5% copper AlSn0CUES 2031,
Aluminium| 8. 5=24% tnf.8- 1. 2% copper AlSn20Cul 3441
Aluminiumy/3.5-7.0% 1inf).7-1.3% Copperfi).7—1.3% nickel AlSnsCul Nil 3343
Aluminiumd10-11% siliconf0.8-1.26 copper AlSilLl Cul 59-62

This is the hardness of a (.25-0.50 mm thick lining op steel. in the form of 4 50 mm diameter half-bearing. Flat steip or larger bearings have lower hardness.



typical hardness values are given for the range of bearing alloys.
Compatibility is less easy to guantify; in a test used in the
Glacier Metal Co., a shaft runs in a bush in a stop-start cycle
with the load maintained during the stop part of the cycle,
Lubrication is limited to approximately one drop of oil per
minute. The load is increased until scuffing occurs. indicated by
an increase in running temperature. Alignment between shaft
and bearing surface is good so that resistance to scufting depends
primarily on the compatibiiity of the bearing material. The relative
performance of bearing alloys on this test rig is shown in Figure
13.29.

Comparison of Figures 13,28 and 13.29and Tuble 13,1 shows
that. in general. bearing alioys with high fatigue strength have
high values of hardness as well as relatively poor compatibility,
Thus, selection of a bearing material is always a compromise
between fatigue strength and scuff resistance. As a general guide,
the least hard material is chosen which has sufficient fatigue
strength for the application.

13.5.3 Wear resistance

Many wear mechanisms have been proposed for different
materials'?, but for engine bearings only two need be considered:

(i) “severe abrasion’ of the bearing and shaft by hard particles
in the otl,
(i1) "mild abrasion’ of the bearing by asperities on the shaft.

Wear rates in the two regimes may differ by a factor of up to
10 Mild wear without scuffing can be beneficial if it improves
conformability between shaft and bearing.

The wear rate of a material 15 a highly system-dependent
praperty, and test rigs provide an unreliable guide to performance
in an application. In general. a harder material has greater
resistance (o ‘severe abrasion’ but a correlation between material
properties and ‘mild abrasion® resistance has not been established.

13.5.4 Cavitation erosion resistance

A simple test rig for praducing cavitation erosion of bearing
linings has been described'?, in which cavitation is produced
close to a bearing surface by an ulirasonically vibrating probe.
Some resnlts from this rig are shown in Figure 13.30 and suggest
that cavitation erosion resistance depends on material type rather
than mechanical properties. For each type of alloy, however,
e.g. lead-bronze, increased hardness and strength produce
increased cavitation erosion resistance. It should be noted that

SnSb7.5Cu33 |
ALSn 40 |
AlSn40Cu 0.5 ]
Al $i11Cu 1 |
PbSb10Sn6 |

Al 3020 Cu 1 ]

AlSn 6 Cu 1 Ni 1 |

Cu Pb 20 |

CuPh265n15 ]

CuPb22Sn4 ]

[CuPb10Sn10 |

1 2 a 4 5 6 7 8 9 10
Compalibility rating

Figure 13.29 Relative compatitllity ratings (Sn-based white metal=10}
of bearing alloys
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Figura 13.30 Cavitation erosion resistance of bearing alloys and
overlays. Volume loss measured after 10 min. Note different scale for
lead-based alloys

the results in Figure 13.30 for the ovetlay compositions
(PbSn10Cu3, PbSn1{ and Pbln6} were obtained wnder less severe
conditions than for the other alloys. The two sets of results are
not. therefore, directly comparable.

13.5.5 Overlays

Overlays are thin coatings (0.02-0.05 wm) of a soft alloy. usually
lead-based. Commonly used compositions are given in Table
13.3. Their original purpose was o improve the corrosion
resistance and compatibility of lead-bronze bearings although,
being soft, they also have good dint embeddability and con-
formability. With cast lead-bronze linings a nickel interlayer,
0.002 mm thick. is normally applied to ensure the long-term
integrity of the bond between overlay and substrate, Overlays
can also be applied to the full range of aluminium alloy bearings.
A nickel interlayer is again used. to protect the aluminium from
chemical attack during deposition of the overlay,

Overlays are electrodepasited ento the bearing surface,
notmally after final boring. Lead/tin anrd leadAin/copper are co-
deposited directly, whereas lead and indivm are deposited
consecutively and diffused together by a heat treatment. Typical
hardness figures are given in Tabfe 13.3. In bulk these overlay
compositions are weak, but are significantly stronger in the
form of thin coatings. Figure 13.37 shows how fatigue strength
increases as thickness is reduced. For a given thickness. lead/
tndium overlays give slightly higher fatigue ratings than lead/
tin or lead/tin/copper.

Overlay fatigue usually occurs at a lower load than for the
substrate material, as shown in Figure 13.28. However, evena
fatigued overlay provides some protection for the substrate and
the fatigue strength of 3 bearing is always higher when overlay
plated, as illustrated in Figare 13.28 for aluminium/6% tin.
This does not imply. though, that overlay fatigue can be ignored.
With lead-bronze bearings for example, fatigue cracks in the
overlay expose lead in the substrate to corrosion,

Table 13.3 Composition and hardness of overlays

Nontiral composition Hardness
{Hw 0.025}
Lead/ 109 tin PhSr 10 9-10
Lead/10% tinf3% copper PbEnlCu3 12-15
Lead/6% indium Pblng £-9
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Figure 13.31 Fatigue-strength/thickness relationship for ovarlays

Relative wear resistance is demonstraied by measurements
obtained using the dynamically loaded bearing testrig, and results
are shown n Figure 13.32. Leadftin/copper has a higher wear
resistance than lead/tin, which is in turn superior to lead/indium,
These results concur with those reported by Schacfer'®. The
relatively poor wear resistance of lead/indium negates to some
extent its high fatigue rating, since for a given wear life a
thicker overlay is required which leads to a lower fatigue strength,

Relative cavitation erosion rates are given in Figure 13.30.
Lead/tin/copper has the highest resistance to cavitation, followed
by leadAin.

Tin or indivm is necessary 10 improve corrosion resistance of
the lead. The minimum levels required for adequate corrosion
resistance arc 3 per cent tin and 5 per cent indium®, Although
these levels are below those in the as-plated overlays, in service,
tin and indium are ost by diffusion into the substrate'®. The
result is formation of intermetallic compounds with copper or
nickel in the substrate orinterlayer', and corrosion of the overlay
if the tin or indiwm level falls below the safety limit. Loss of tin
is demonstrated by results shown in Figure 13.33, which were
obtained by heating sintered copper-lead bearings plated with
lead/10% tin. It is sometlimes claimed that a nickel interlayer
climinates tin loss. However, this is not 5o, as shown in Figure
13.13, although the rate of loss of tin is significantly reduced by
the presence of a nickel interlayer. Increasing the tin content of
the overlay 1s not a complete solution to the tin diffusion problem,
since the rate of diffusion is correspondingly increased.

Lead/tin/copper overlays are more corrosion resistant than
lead/tin, possibly because the rate of tin loss is lower with lead/
tinfcopper as a result of the formation of copper-tin compounds
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Figure 13.32 Comparative wear resislance for overlays
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within the overlay. Thus, the combination of high wear resistance,
cavitation erosion resistance and corrosion resistance makes
lead/tin/copper the preferred overlay for the modern highly rated
medium-speed diesel engine, particularly when these operate
on residual fuels,

13.5.6 White metals

Tin-based white metals are alloys of tin, antimony and copper,
the most commonly used composition being tin/7.5% antimony/
3.3% copper, The metallurgical structure (Figure {3 34) consists
ol a tin-antimony matrix which is strengthened by needles of
copper-tin compound.

The effects of composition and method of manufacture on
the mechanical and bearing properties of white metals have
been described in detail by Pratt™. The etfect of cooling conditions
during production of bearing linings, referred to earlier, is
demonstrated by the results in Figure 13,35, Rapidly quenched
material, obtained during production of thin shell bearings, has
a finer copper-tin compeound distribution and a higher fatigue
strength than slow-cooled linings obtained when white metal is
cast directly into large bearing structures,

The fatigue strength of the basic white metal composition

Figure 13,34 Typical structure of SnSH7.5Cu3.3, Showing star-shaped
Cu-8n needles in Sn-Sh matrix
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Figure 13.35 Effect of casting method and composition on fatigue
sirength of Sn-based white metals

can be increased by adding cadmivm, which goes into solution
in the matrix, and by adding trace quantitics (0.1 per cent) of
chromium, which refines the distribution of the copper-tin
compound. By this means, it is possible to produce commercially
a stow-cooled white-metal-lined bearing with a fatigue strength
as high as a rapidly cooled or quenched lining (Figure 73.33).

Conformability and embeddability of tin-based white metals
are very pood, as would be expected for a material of low hardness.
Corrosion resistance is good, except when the lubricating oil is
contaminated by water as described earlier. However, the
outstanding characteristic of tin-based white metal is its
compatibility, scuffing in service being virtually unknown. In
conditions of oil starvation linings suffer wiping rather than
scuffing and the wiped surfaces are capabie of continved
operation, which is not the case with most other bearing atloys.

Lead-based white metals are basically alloys of lead, tin and
antimony, containing 612 per cent tin and 10-15 per cent
antimony. The structure of the 10 per cent antimony/6 per cent
lin composition consists of a single-phase lead-tin-antimony
matrix, At higher antimony contents, tin-antimony cuboids are
formed. Another version contains 15 per cent antimony and 1
per cent arsenic, the structure in this case being a fine antimony-
arsenic precipitate, in a lead-antimony matrix.

Cooling conditions duaring bearing manufacture affect
mechanical properties similarly totin-based while metal, although
rapidly cooled lead-based linings must be annealed to provide
adequate ductility, Likewise, minor additions of certain metals—
arsenic, copper. cadmiem or nickel—can increase the fatigue
strength of a slow-cooled lining by refining the alloy structure.

In comparison with tin-based white metals, the lead-based
alloys are softer (Table 13.1) and hence have even better
conformability and dirt embeddability. Fatigue strength is similar
(Figure 13.28). Tin and antimony contents are generally high
enough lo avord corvosion problems in most applications.
Compatibility, as assessed on the stop-start test rig described
above, is not as good as tin-based white metal (Figure 13.29)
although in service, scuffing of lead-based white metal is generally
not a problem. Wear and cavitation erosion resistance of the
lead-based alloys are, however, inferior,

White metals were the {irst alloys developed specifically for
plain bearings. Although their fatigue strength is relatively low,
they are still widely used on account of their surface properties.
Because of the rather better corrosion and scuff resistance of
tin-based white metal, it is preferred to lead-based alloys in
certain critical applications, e.g. crosshead bearings. For general
applications, lead-based white metal bearings are significantly
cheaper than their tin-based equivalents, but even so, the tin-
based alloys are, by tradition, used more widely.

13.5,7 Copper-lead and lead-bronze alloys

Historically, lead-bronze bearing linings were introduced when
fatigue of white metal became a serious problem, as a result of
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increased engine ratings. Modern thin shell bearings are made
either by casting on to steel strip or by a sinfer route, in which
pre-alloyed powder is applied to sieel and consolidated by
sintering and rolling. All of the lead-bronze alloys in Table 13.7
can be made into bearings by either method: copper-lead
linings with 30 per cent or more lead are made only by the sinter
route.

The most widely used compositions lie within the range 22—
26% lead/1-2% tin. The tin goes almost exclusively into the
copper, and so the structure consists of a bronze matrix containing
lead islands. However. the detailed structure depends on the
method of manufacture, as illustrated in Figure 13.36 (a) and
{h). Sintered linings tend to have 2 finer and more uniform lead
distribution than cast alloys. In general, strip-cast linings are
harder than sintered ones of the same composition.

The 22-26% lead/1-2% tin alloy has a high fatigue strength
and is suitable for most medium- und high-speed diesel engines.
It is always overlay-plated, primanly to protect the lead phase
from corrosion but also because the alloy is relatively hard and
incompatible {(Figure 13.29). For medium-speed applications
the overlay thickness may be as high as 0.05 mm., but where
higher load-carrying capacity is required a thickness of
0.025 mm is used (see Figure /3.31) Hardened shafis, of
minirmum hardness 300 HY, are recommended.

Animprovement in surface properties and dirt embeddability,
at the expense of fatigue strength. is obtained with copper/30%
lead. Even so, this alloy is overlay-plated for corrosion protection.
Stronger linings can be made from copper/22% lead /4% tin.
Such alloys can be used in engines which are wo highly rated

cast. The different lead distributions and matrix structures are shown
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for the 26% lead/| 5% tin alloy: a thin overiay and a hardened
shaft are required.

The copper/ 10% lead/10% tin alloy 1s very strong, but is too
hard and prome to scoffing to be vsed as a crankshaft bearing.
However, it is widely used for small end bushes. which are very
highly loaded. In order to avoid scuffing, a hardened gudgeon
pin {700 HV) is used. with a very fine surface finish.

13.5.8 Aluminium-tin alloys

The major impetus for the development of aluminium-tin bearings
was their superior corrosion resistance relative to lead-bronze.
Four aluminjum-tin alloys are used in diesel engines, and their
nontinal compositions are given in Table 13.], Bearings are
made by roll bending the alloy to steel strip via an interlayer
(for aluminium-tin allays) which is usually aluminium.

Aluminium/6% tin is a long-established bearing material®*,
developed originally for cast bearings. Copper and nickel are
added to increase strength; copper is a solution hardener and the
nickel forms a fine dispersion of nickel-aluminium compounds,
as shown in Figure 13.37 (a).

Fatigue strength is slightly lower than that of the lead-bronzes
(Figure 13.28). but is more than adequate for most engine
applications. Compatibility is better (Figure 13.29), but the alloy
is relatively hard and so 18 normally overlay-plated. Overlay
thickness is normally in the range 0.02-0.05 mm, and shafts
hardened 1o 250-300 HV are recommended.

Aluminiom/20% tin with a ‘reticular’ tin structure was
developed as a more compatible version of the 6% tin alloy. The

{a}

(b
Figure 13.37 Typical structures of (&) AISnECUINIT; {b} AISn20Cu1; (¢} AlSn4D; (d) AlSi11 Cul

structure { Figure 13.37 (b)) consists of an alumintum/ | % copper
matrix containing an interconnecting network of tin. This soucture
is essential if the alloy is io have adequate high-temperature
strength, and is obtained by controlled cold working and heat
treatment of the as-cast alloy. According to results from the
stop/start test rig (Figure 13.29). the compatibility of aluminium/
20% tin is superior to the 6% tin alloy, and in practice it has
proved 1o be sufficiently scuff resistant to operate successfully
without an overlay. Although its fatigue strength is marginally
lower than aluminium/6% tin it is high enough o use without
an overlay in the majority of high-speed engines; for medium-
speed diesel engines it is usually overlay-plated and run against
a shaft of minimum hardness 250 HV.

High-tin aluminium alloys, containing 40 per cent or more
tin, were developed as a higher strength replacement for white
metal in slow-speed diesel engines. Their use in such applications
was not possible until thin shell bearings were adopted, because
cast-in linings cannot be produced with aluminivm alloys. Two
forms are available, aluminium/40% tin which is used wnplated,
and, for crosshead applications, overlay-plated aluminium/40%
tinf0.5% copper.

The ‘reticular” tin structure and continuous aluminjum matrix
are also present in these high-tin alloys (Figure 13.37 (€)). As
a result, aluminium/40% tin maintains its fatigue strength at
elevated temperature, whereas white metal becomes significantly
weaker. as shown in Figure 13.38. At typical engine operating
temperatures aluminium/40% tin is approximately 30% stronger
than white metal.

The compatibility of aluminium/40% tin is not as good as
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tin-based white metal, as assessed on the stopfstart test rig.
Nevertheless, the copper-free alloy does have the ability o “wipe’
under incipient scuffing conditions in the same way as white
metal. and has been tested successfully withous an overlay in
crosshead beanngs.

Aluminium containing wp to 70 per cent tin has been produced
experimentally, in an attempt to furthes improve compatibility
and reduce hardness, However, at the 60 per cent level and
above, tin tends to form the matrix in the finished lining. with
a conseqguent reduction in high-temperature fatigue strength.

13.5.9 Aluminium-silicon alloys

Two aluminivm-silicon compositions are used as high-strength
bearing materials. The first, aluminium/4% silicon/1% cadmiuwm,
consists of a dispersion of silicon particles in an alumininm
matrix; cadmium provides a soll phase (o improve scull resistance.
Copper and magnesinm arc added, approximately 0.1 per cent
of each. The magnesium forms magnesium-silicon compound
during heat treatment ol the alloy and a heat-treated high-strength
version is available.

The second composition is alominiony/ | 19 silicon/1 % copper.
The structure of this alloy is shown in Figure 13.37 {d). For
maximurn strength and compatibility the silicon must be finely
dispersed throughout the alvminium/ | % copper matrix, and this
is achieved by cold working the alloy during manufaciure. Bimetal
is produced by roll bonding directly to steet strip. The material
was developed specifically for the wrbocharged high-speed diesel
and its strength equates to that of the strong lead-bronze atloys
also used in this application. However, the superior comosion
resistance of the alominium-based alloy offers a major advantage
over Jead-bronze. In very highly loaded high-speed engines the
operating temperatures of the ail may be up 10 170°C, and
under these conditions breakdown of oil can occur very rapidly,
especially when catalysed by a copper-based bearing alloy.

In general, the compatibility of aluminiom-silicon is very
good considering that there is no major soft phase, and on the
stop/start test rig aluminium/1 1% silicon/i% copper is more
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compatible than lead-based white metal (Figure 73.29). This
good compatibility is attributed 10 the non-metallic nature of
the silicon which does not exhibit solid-phase welding to the
shaftunder scuffing conditions?’. However, the alloy is relatively
hard, and must be overlay-plated. Overlay thickness is normally
restricted to 0.02-0.03 mm becavse of the high operating loads.
Hard shafts, of minimum hardness 300 Hv, are also required.
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metabliegaen], chemienl, and mechanical pneesses

Size, configuration, manufacturing method

in the heopovwall class

Tt called “sbptvpe”or “sheet-melal” beanngs.

unchtmnable with single metals.

Emvironments & material equirements

mechanismes must be considered;

« Snrlace fntigne wesrn,
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Basics of sliding metallic-bearing materials: Part 1

Thiis 2 e fiaest of @ sovies o peieipdes aod dusivacteristioy ol metallic plain

Asliting beanng is o machine clement that transmits veaction forees 1o a shaft 5
Jonnval beunng woovhadecal (sther continnois ov zegmented) anid serves when the
fowree om it 15 essentially medial A throst hearng s washep-shapead (eithe contimous or
segmented ) and serves where the foree 35 axial rebative to the shoft, Sliding beavings
are also called pliin beaiangs, (Some sonrees prefer Woeall ther "plane” bearngs. ) Vs

A flange bearing can secommvebate both radial and sxial foree, s jomnal bearing
comstrwcted with one or teointegral thnst-beanng sorfices. Shiding of the shaft o
th mst-eollar sscbice selative o e beapng soloe is chametesestio ol all plain
learings, In many apglications, plan beavings offer advantages over rolling-ebement
Fearmges, =uch as lower cosd, smaller spaae meeds, alality to v with marginal

Jubicants, comosion resistance, and capacity bor bigh .-<|1-=-|'=I"|-.' ks

Ihe fizst s of & moetal allov for it special properties was probably lsaac Babbitts
adaptation of a pewler composition in 1530 Since the 1050, developments have
|:-|?:-'Ii,|3.'_-|'.:|=|1,~:i var bl conn s for metallic plain bermongs Single-metal, cost-inplac:
Lennngs have been mostle supplanted by replioceable- insert bearings of mltilaver
laminated metals, Bearing mechanicil design i now a much more 1efined engineering

specialiy. And manufrctming technology has evolved intoa comples matrisc ol

5|i-:['in.;.1 |:l-.'m"m5.',‘- ane often chassified as than-walk (less than about 0. 2-in. wall

thickness ) or heav-wall, in gememnl, beanngs of dinmeter grester than aboal & i, ape

Confimmtions are alss deserbed as half round, foll soond, ﬂ:m;.;_l. o, o washer, h«".\'iﬂ_\

hall bearings, split-tvpe bushings, and thrust woshers: Most such beasings are made by
high-speed tormiing and machining processes from fat strigs. You may sopetimes hear

lin b |'i.|:||.|, milerials -.|Mi.;.',|:| Al sabiection, at loast some of these '\.'-'e':l.l'riilr::ulgﬂ

BALL SCREW

LINEAR ACTUATORS J
Download your free copy

wurn T, 2000

CEMMENTE ]

artiche deals mosth with metallie shiling bearings, thewgh paots apply akso tothe
growing clnss of nonmetallie beanngs such as nvtor, FEFE, and polvmer eomposites
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of Automative Engineers (SAR] standands classaie thin-wall hearngs as sleeve- e

B and inaaring challenns welr sites
by Lindser Frick
Feeded &5 o aza

Ik M perkal Warlil

Heavy-wall benrings ore prodoved in small lets, say, oo more than 8 fow thossaod
pieces. b more eotventional Tiehine- shop processes, Stanting materials oay be in

sl =l e o buldar Erroe Thee aee sommetimes calbed Zsihb™ or ‘Shelleast™ hearines.
Mt el or tual Fure Th 1 [ sl Bedlast ™ 1 2
Stractoral chiarmctenshics Sk |-='.1|'ir|"4- anve i lseaften classified aocondine tn
L |l fics Shicding B 7 lseeoofben rlazsified Ting
nsaterial constraetion. Thev.can be solid (single-metal), bimetal (bvo-laver), o trimetal
{theee-Loyver) bearings. The terms reder to the nombsr of principal livers used. Lach
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+ Abrasive wear,
" .Il.i.:lhl.'ﬁi'\l E Wl
« Erosive wear,

« Comusion,

Fagure ©ahows camples of damnge these processis canse.

Wenr-damage potentials aee lnked intirmately to mtemetions among sistem
chnracteristics that inelarde:

« Magnitude of beming losds

» Matiree of Toads (evelie or steady, mndirectional or revmsingl.

= Epeeds,

» Lafiennts ancd Iubwication systern chavaeteristics,

» Chperating Temperatore,

e bl [sdall) meiteriad apsd oo,

« Alignment and rigadite,

+ Life expectaney.

Lomtinue on page: 2
Bearing=rmaterial properties

Surface amd bolk properties. The conditions al which plain beanngs mast operate
and the wide tanges dver which these conditions can vary Brng up metedal- properties
eaneErns ol b kincs:

» Those of the bearing smgace and immediate sulsarface,

+ Thoee of bulk progaeetis.

Here nve some of thie more importnnt velntiosnships betwern benring material
progertics wnd wear-damage mechanisms (material poopedics in italie type; dage
Illl'l.'ll-ill'til'illl“. II.|II'I1I‘°I[ I._‘-'ill\.':l:

Corrrpaatilal ity Adhesive wear.

Crptormobilityg: Adhosive wear: snfnee fatigac wear,

Lreleddelility: Abrasive we
Fed e streediie: Sarbwee Fiigmee weal,
dlardness, Extrusion; spesive wenr
Pontpasion esdetaner: Cornsive wear,

:I!’:h‘.'.‘ii Ve WeNRE.

Vet cam think of compatib:ility s a porely sorfee chaacteristic, Conformabality o
embusidabilite invoboe the sionfioce and imamediane solasarfaos, and melate strongly 1o the
bullk properties of strength snd hardness. U'he other chazactenistics velate mostly 1o
bl properties.

oof those six charetenistios, only Bardness oo De mensmred satisfutorily by standand
labogatory methods, Many dyveamic test tigs and methods bave been developed in the
plain-bearing industry toevalnate the other chavactedistics and their interactions. Maost
are designed] Lo solgect specimen bemrings o conditions qualiaticels similare boiliose of
intencled sevice, but quustitatively move seeere with respect bo ome o more ey
[arameters, such as:

« Load m‘.ﬁm'lw.‘t:'.

& Enebire speed

+ Bunning temperature,

» Lnfaieant sappde.

o Labmienmt chean linesy

Such tests are costhy and time-cossuming and shoadd be preceded by consideration of
whal 35 really needed, Then, an apgoeciation of relative imgertanoe of vortons material
characteristics in the given apglicatzon nwd an understanding of possible teade-oti will
limit. peactical choioes o a manngenbbe numbser, Fuflseale tests then, con die whiat they

shonbd do; confirm the validity of design and materzal choiees.

Mitenaal in thiz senies is condensed from the chapter " Fiaction and Wear of Shiding
bearing Materials,” by George B Kingsbory, ASM FANDSOOR, Friction, Lubyication
dted Ve Terhinedogry, ASK Inteinational, Materiats Pavk, Ohio, 1002, pages 741-757,
Foraidering i fwmoadion abomt the estine book, comtact ASM International, Materals
Park, OH 44073-0002, ph, (206)-358-4034.

Feorge M, Kingshurey, PAL recently vetived Senior Sngpfneer fooo Glaciee
Vemderesll dneca rmfor povaducer o reetal pledne edeings: @ petreiped of Bis e
sreetellunpiond ermaecring consulting practice e Lymdhierst (Cleseland ), Ofio, He is
well Enows dn the Decosing eaterials feld a3 an author, lectioer, fnventor, and
ottt fover.
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Basics of sliding metallic-bearing materials: Part 2

i 2 e secotd of 2 series oo principles aod charmebevistios af mestallic plain
bearimgmaterinks and hiow to |||:1Ihu'rr_;- Elyeim A ginven nses. See Jone g for Part
1

Genrgre B kingslmry | A oton Sastem Desige i T,

euae | [ svane Wrwen 4o COMMENTE g |
W continne the discssion of benring- matenal propersies, roverin g some of the mwre
important relationships among bearng-material propecties and weardamape

|:IH‘I'I:I-§I!I-;H|'.|1“-.

l"‘nnlpn‘l‘i’]ﬁlit_\'. Thiz 15 s antisermree and nntiscore charactemstie. 1t relotes mostly 5o
the ease with which the beaning material swrface ean adhore orweld to o steel or o
j'..lll]l]il] hdl.l'fﬂl'i' w i‘.]l. Pssne ill.l'.t Ell'il.l. -illl:'.ll {138} !'\:I[:":I';.'i'il.ll'l LL iﬂ.lll"l' i]l.l.l. I'EI.'Ii.“:H =1kl fil:’i".
film. Fetential for semingand seizose exists imall hosndary andd thin-flm Inbrseation
conditions. There are only seven commercielly significant clemental metals of good
-:tu:l:p.'lﬁhi'.i.r.'. with I've‘|'|1ll:|:1-.1-.|l.|.'|m] sfaees: Hi:\'ul'{.".gh cadmanm [Odl tndinm (e, o
{50 ), antimony (84, Tmsd (PR, and Bisometh () Vo amd femd gl the mst
attractive combinations of cost, ovilability, and engineering popenties. Both are wsed
wiidely in bearing aliove becanse of their contitbulicns to compatibility, éither as the
Al Tz s in feack o tin habbitts, or ps major alloy constitnents a5 in leadisd
Beromges s aluman wm-tin (AR Sa) allovs,

Momy nonmetals alzo show usetul convpatibilite with steel, They inclode synthctie
resans, earhon, comented carbides, ntermetal e eomponnds, and resmics,

Conformability & embeddabiliny vs, hardoess & fatigue strength.
Centormsbility and cmbeddabilite depend on vickding snd plastic s of the loaded
bearing material. Vheretore, soft, weak, lowv-modulus metals suely as tin and lead have
the best of these chaegenstics. However, harder, stronger, highermodules metals

surh o copper {Cn) opd abominaunm hove bigh Ftigne strength. Yo can get nsef
compromi=es among these sets of opposed properties by alloving to prodsee polvphase
strmelures with nternwaliabe properties. Alse, vowcan gel soch compronmses with
|a:rﬂ1='|‘! ewr:..w,'lrn:'ﬁl;-l:.s 1-.'|1;|-1'|-.-|I !:".wt e hatdu-g' s;lr\q,-:n;gq-r||.-'r1;i.n3].=.u:'r rernforees softer
and weaker surkce lavers,

Bearing material microstructores. Al commerciably significant bearing metals
axbept stlver are ]:-:\]:.'|:||:|.-1>:|,~ allodss: Thoee basie naerostrsctioea | fugees e

« Type | = Soft Aatiix with- Disorete Hovd Paticles, Figares 2 and 3. Lead andd tin
Eabrbits areof this tvpe. These allovs huve loveer comgratibility, confmmebifity, and
eml‘.ﬁfdn:l:-i|i'l_1.' Thnm |||:.\.-|'|]|V_'.'\-'d ]L'.'1|| et — h.:m’i 1;'r|:r=rn.1r'1.:|||'t;_' .rmt mrt:lﬂnid :parl.il'h':j
are present, effeetively incrensing bulk-strength properties,

» Type L — lteslocked Soft and Had Coatinnons Phazes, Figures 2 and 4. blany
copper-lead and beaded bronee alloas dre of this type. Stroctires cossst of contin nous,
rnetual v swpponting copper and lead sponges, 4 brge vobame of lead helps
1{'!I‘.I‘.I|Z-I{'i].li::i.tj|'. ("unli:rnnlhi'li‘.]', embedbdnbility, hnrdness, and stiength are intermediage
bebween thoss of lid and thoss of coppen

o Prpe LLE = Saromg Modrix with Diserete Soft-Paase Pockets, Frgures 2 and 2 Lowslead
banzes and zome pluminumtin allovs are of this type, Stouctares consist of o

eontiniemes coppenr-bise oralnminnm- baee metallio matax that containg discrete poads

o pockets of bead or tin, The steendth of the matax phase dictates conformabality,
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embeddnbility, strengih, ond bardness, Phe ssft metal phase sxposed ot the bearing
suiface enhances compatibalio.

Allows containing silicon {50, such as alnminum-silicentin snd sluminsostlieon- T
allows are seamiples of mixed microstructures that combine Dype L and Type 1L
chamcteristios. Here, the alumisinm matrix contaans dispersed hard parackes (silicon )
Al soft-phaise Clead or i) poticles,

Henring mnterial design gained moch with the reeognition that effectve losd copacitics.
sl fatigue strengths of lead end sin ellovs maease sharply when the alleis serve as
Thim Bavers intinutely honded o strong beamang backs of hinomee o steel. Fignm § shows
the value of this principte in two-baver constuctions like that of Figure 5 using a
surtace laverof kesd or in allov, wsmally no more than coo8 in, thick, Such s lave
prowades mnampaied compatibality, together with good conformsbality anl
emlisidadaliny, Yoo com gel other aselul compromises between soaifies sod belk
propertivs with an intermediate copper o alumimun alko faver befween the surfiee
alloy laver aned a steel back. In these three-laver constnactions, surtace kaver thickness
s loay s Q0005 T e even mone Greosble sorGicosand-ta bk [ty {'\caquagtlmi.-w.s
thiam v ean get with - laver constriction,

Corrosion resistance. Bearing failurs doe to eormosion alone is roe.: Cormosion
s b abemets with meechampen] wed el et b filaee by Gligoe gr
seizave inconditions the Learing conld porranlly tolerate, Vo ean avoad mvst beming
corrosion withy oxidation inhibitoos in commercial Inbricating oils, and by periodic oil
whinge, However, in some st lions neathes of Seese tsodependalide, Thepe, use

materiaks with inherentiv high cotrsion resistance
Continwe on page 2

Commercially pure bead is susceptible to comvosion by fatty acids. Lead-base and
copper-lead bearing allovs can comode severehe i avadie lobisenting cals. Fin additions
to bend absove about 5% protect effectively agninst this kind of corrosion. Thas, tns
nsed extensively m bead-bose beaving alloss, Acidie oils Heat contaim sulbea attack
S el Jeand. Thes as -:-f.-.-|m-i:|l vl with o lpz‘n'l*-h.'nd atud leadend bioagze blt'il.l']!l.]_.'.
allirs. Asrtnee laver ol o bend alboy comtrizing tin, or o tmallov, can provide effective
vt b, As bong ais e corrosion- vesistant sueface iver is mtaet, covrosion can't
dbamenge the nndedying vopger-bead allon.

T snd alwminam eanng allovs pee substantiathy mperioes to corroston Ty
wil-coddation products, They sre nsed extensively where the potential o labaieating:
anl coresion ix Eﬁgh. .-"Jﬂ'l.uugh ||ﬂ:p!‘il:'.4|!i:1];_- val evidition and contumibaton are the
st common canses of bedmpg corrosion, theie are others: They anclide seawnter,
andinal and vegetable cils, and corvesive gases. When von seleet and specify o bearing
material fora given appheation, consider the anticipateal sarciee conditong and the
crrosson poten s these conditions may vl

Thermal effects, When schecting a beoving material, it is important to consider the
redueed mechanieal strength of bearing finer materials at high temperature. Fatigoe
strength, compressive viell strength, aml hadness decrease sagnificantly with
i11_|,'|.1eu|.~,'i|1$ temperknge. 'I"b;r.w,'ll,Fpe'::lir:g e IR I"'igt_n v & show lead and tin -lase
beanng allovs ave most severely limited: copper allovs, least.

Laradd capacity. Fora beanng matemal, loed capacty s the masiminm anin pressime al
which the mateial can operte withont excessive friction or wear dnnmgﬂ-. 4 apacitv
ratings puldished for designer muidance ave wsually uppser Enits, which may be sately
wsed ondy with very good lubricant-fifm integrity, counterfioe Gnish, mechanicd
ni;'gnnwnl._ mad tempertre oomtrol:

In ewelic Ioad servies (anch as in ceanksbatt bearings), fatigue stiength is the primsay
lintdt to load eapacity, bor steady loslds, capacity depends oone on compressive vield
.\-Twng.!h, veflerted m mdentation hardness. inoall stuwniions, materinl x11'rrr5t|'| at
aperating temperators governs. Thus, sueesschul cperation of sliding beanngs depeads
ol berperinre o itz cottrol.

Ve ' findd doad-cagaeity mtimgs wseful as references, but vou most recognize them
s impuesiss and sommvhnt pudgmental apgrocimations. Thes e nor guneentised or
directly measahie.

Blaterdal in this series is condensed from the chapter * Frction and Wear of Shding
Hewrimg Materinls,” b Gearge B Kingshory, S50 HANDBOOE Frichon, Lobrieation
and Wear Lechaology, ASM intemational, Materials Pack, Ohio, 1992, poges 7412757
Fise |-|110|'i:15 infornution abowt the catime hook, contact AS5] leternational, SMialereads
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Basics of sliding metallic-bearing materials: Part 3

i 2 e thiaed of @ gerbes on prineiples and chimeacteristios of metallic plain
bearing materinks and hiow to nplhuiﬂ:r e i given nses. Part 1 appeared
100 A Fart 2 o Judy.

LE AT

Genrgre B kingslmry | A oton Sastem Desige Aipg 1, FHHD

euae | [ svane Wrwen 4o COMMENTS
Fart 2 concloded o diseussion of hearing- matenal properties in general, including beth
surface and bolk properties. Heve, we begin coverage of bearipg-material svstems, in
Hais puart convering ey sangle-nwtal svstems, Disoussion of molilayver systems will

Leegin in Fort 4
Bearing-rmaterial systerns

Beeanse of widely varving operating conditions for leanngs, commewial bearing
materials evolved as specialized engisesnng-matenmal svsterms rather than commality
procuets, Total production & i smoll tonnages prodoced by pust a few manubactorers,
Allowr foavalation snd processing methods invelve vioch groprstarn technolegy
Sweresstul bearing matenal selection often vequires ckese nser-producel oxperaion

S‘ing‘lm—ll:l_u’ta.' svstemis. hlinst 51;15|n:-n1r|:.|¥ :s'I'.-:i'n_\-_ Benrinegs are made of either T
slloy oo alumiiens alles. Cast zine-base (20) albos sometimes serve e lowor-oos
subatituies for solid bronze. Palile 1 lists cormmercially significant allovs nsed as

single-metal hearmgs

Wads ranges of compositions and properties are available in the alder copper gioap,
some dating to the woth Centiny. World War I metal shortages stimalated intepest in
alnrmnam .'ulk:n'.!,'l whivh aecelerated wath the commerial introductsom of alominam-tin
beearing alloss in 1940 Sinee then, metal eeonomiacs have enconrnged alaminnm nllov
earings, but many designers of heavy and spedal-pmpose machinery continge 1o

preter brasses and beanges.

Lingle-metal systems have no ontstanding surhee propertes, and toleranee of
Feonnmckany nmd thin-filon lubrication canditons is limited. Thepefore, the boad-capacity
ruting fora snglemetal besring s nsually Iow velative 1o the Batigue sevength of the
material froom which it was made. Hecnsse of metalhurgien] simplicity, single metals
suit st l-fot manutartiring fom east mbes or bars, by eomventional machining,

e Copper allovs: Exeept for commrmercial eonze and Low-lead tin bronse, copger allovs in
single-metal svstems are almost abenvs inoenst lorm. This provikdes thick beanng walls
{od2yin. ned greater]), strong enongh so that the bearing i5 tetained when press-fitted

inti the housing,

Commmareaal bronse and medimrm-Jend tin bron ze allovs CEago0 aned CRpgomn save
extemsively n wronght strip for thin-wall bushings, They are mnde in large volumes by
high-specd povss foming. Poer compatibility of these allovs ean be improved by
enluiding a graphiteresin paste in rflad o pressed-an indentations s that the
mnning surtnee of the boshing consists of imterspersed nrens of grephite snd bronze,
Such bushings sorve in petomctive-cogine storting motoos

T Dol b T B0 limomess i Fror leid, dispemsed thronghant o enpgss-tin mabris 5o
the besing surfve vonsists of intespeized arens of kead and bronze Tn geneal, the
best seloction fronn this group of materiaks for a given application is the highest-lead
coinposition youn can use without risking excessive wear, plastic detformation, o [atigue
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« Ahrmannmyatbovs, Most solid aluminmm bearings in the United States areof aliovs
eﬁ'ltbl.i.l:ing 33 to 7% b, phus samaalber amoumnls of COpER; tickel, siliean, and
miagnesinm Starting forms tor tabrication inelwde cost tibes as well as rolbed plate and
strip, which can be press- tormed it half-moend shopes. As with solid browee bearings,
Bearang walls ae thick

T in these alloys s free tin, dispersed thevmghout an alwmisom matias so that the
betiring sarfnere consists of interspersed areas of aluminam and tin, Free tin enhances
surface properties nnech like free lead improves these ot browze.

Alwrmavma’s high thermal expemsaon voafficient weses specin] problems in maintanmng
press=ft and mnning clearanees, Varions methods are used Lo increase vicld strength,
threasgh bizat freatment and eold weork, toovercome plastic fow and permanent
defrmation at sevice temperatures and loods.

+ sine allovs Cwer the post Baodesades, sine-nlominom-copper casting allovs replaced
enst bromaze allovs in some bovw-speed mnchinery beavings. e proetioe has advaneed
et in Euroge.

These allovs contain naosoff microconstineents that comrespond o lead nsed in bearmg
Bronzes and to kin in east abomi num bering albovs, Compatibilite of the zine-base
allows seems to derive mostdy fom therr chemieal helavior witly by dvscarbon
Db ts. Formsion of o salide, fow-shear-sirength film of sinc-lase s seems
i:r-]:-c;v]tu.nl.

« Popouz metal bushings. vou can akso consader oil-impregnated poroaz metal bushings
as sighe-metab svstems. Compositions melede noleaded and leaded tin-leonee,

R sjupbi'w: bredn -, o “CTRRIET, wnad Freay blwm-y‘npﬁjle—. Ol eontent 1= 8
To o o total vohume.

George K. hingsbrery, Pob pecently vetived a2 Senior Engineer fiom (lacier
Vemdereell in = Lrpaqurx".rlj'-'fo|rJ' q_f':rrr'ra! I|,:n.||:¢|':r .!w::l:l'l'n_!'.l.',;, r'sjw'mu'l'_puf rlf his saam
metcllungionl enginerriveg consulting practice e Lamdhurst (Cleveland), Ofio, He is
el knowae dn the Dearing nraberials fTeld o5 an author, leeturer, fnven tor, and
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o Part 3, we disenzsed single-metal bearmg-mstepal spsteme. Mo, we cover

mntltikyver systems.

B
1-.':-.:|l:r-|'_ H‘Lin |,_-|1.'.ﬂr o n I:-r-:ll'l.'l_l.!_.l”n‘-' 15 met 1|h1|'¢'||':1 | l:«mﬂm:. L -carbnm :,11-:-| 15 by
tar the most cofmman bearing: back materinl, Allov steels, bronzes, brasses_ and (to

I'.'E'\"?-E'I. (S L F) I._I a I SLITMEINIEEL i"ll.l.l.ll‘u 5 Akt -CIJ:"I IL""-'.'L.I. ] .iI. 'I'.' = h'l-lhh:il-ll\.':\ i Z"i Iﬂ‘.'l.ill I.l'.'ﬂ. i.II =

Lawstenms, Every hanetal sestem nses o strong beavng ack toovhiels o softer,

muberial systioms in agnifieant eommercial e,

b epgineering challenge wols sites

. soma ) 1 Ol b bions Al we il IO Live
Ulamses 3 amed 4 in Table 2 show the strengtheng effect of & steel bearing back )
Gilabal ey last weck

Uoangpane that with the st amd copper alloy sangle-metal svsterns o 'Table 1 4. Thie Rallerence Babiveen Machined and
With stee] bearving backs, Tomdeapacily mitings for cogiper and abommmom slovs nevense 510 Prinked detad Tnjeckien alds
shmply over those of the vorvespoaiding single metads, withaagt degrading any other | Giadlory Ol sepsor technology of the
peogerty, Skmilarly, in classes 1, 2, 3 6, and 7, strong besringback matcrials poimit us: werk

of Tend amad tinalleas that have extremely good surface properties bot sipch low strength 3 Do . owithieul Barmsssed

that they can serve assimgle- metal bobies o by ar very light b doctncaty . TESLA

Clagse=1 and 2 show the strengthering offect of thin- laver constivction on lead and tin Commentaries and Blogs

allove, where o 25% load-caparity trerease s guined by pedueing babbin Laver Ter: f6r STEM - Ten tepaboprnasiis

thickness, Althongh similar ehavior has been seen with aluminm and copper allovs, promating science & lechmaloay leaming

thie thin liner ettoets ave foss proponneed. Liner thicknesses for these stronger alloyvs by Loe Tenchler

are established by metal economics and manotctoning process considerations cather Postiil 4 dary ag

than b strength-and-thickness relationships. v From the Editer’s Desk

o Uadle 2 vow can see deteriorton 1o surfee prperiies with il'n':r:'.wil'._i.; lrneealbor Back-ofdbs-snvalops fatlare; Wilhen '\
latigne strength by companing elasses 1 and 2 with elasses G and 4, and by comgparison A b Quou Aiugh

" 4 = v Sieplsen Ame
withan clisses 3 and 4. In praectice, only svstess with sorface property mtings ol 1oy ik
better surcred in houndary and thin-filom labrication, ATy ! :

ey

Hropze-back besrings of cdasses 5.0, snd 7, 'Falde 2 dopot show
perfamnneccarncteristic combimations raeeh different from those of steel-back

beanngs. The paoncticnl ndvantoges of baineee as o bearing-bock moaterdal e puoshin

B and inaaring challenns welr sites
by Lindser Frick
Feeded &5 o aza

the eeenomics of small-lot mannfacturing and partly m the ease with which I

rebablitting and 1emachining can galvage won bronze-back beavings, Begarnding
|:x'|'|;:>1111n|'|r v, laonze bents sterd as g |1|~.':nng-]:-|wl.' meterial an the protectzon it nffers
agninzt catastiophic beanng seizre with s=cere finer wear or fntigee. The nlumizom

alloy Leaving back i class 8 provides sionlar probection.

presperties of bronze bedrng- back materials ave not impressave, bk they Fagrar-jr P recddnd dair feee mensdetiors
exven these of steel, ond these “reserve” propeties can be ingortant to soime larpe,
expensive mnchines, E-BALL
e HITEDETATES
T'rimmeta ] svstene:, Neady eveay tnmetal saslom pses o stes] bemang back, o COTNTRY:

high-strength intermediabe laver, nnda tin slloy or beid allor sucfivee laver, Toble 3
lists svstems in commeercial wse, Most are derived from the bimetal systems of Table 2,

elasaee 5 amd 4, by adding a lead or tin-lase soface Laver,
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Strengthening effects of thin- leyer constmaction are notabde in systems that hove
\.'EI""H'(I]II-ill.f"I:I liasnad :|.|.|<.-_i srrfaes lavers oo imore than abent oooot o, teack Fakle 5,
classes 4 through 1. In comparng Brtipee-strergth and lond-capacity ratings of thes:
systen with those of rorrespending bimetal svstems, Table 2, vow see that the thin
lesad :|.||-:.r_\- surface aver ||+|:.11'.1-:|-.':s nast am |_x sl L:-lnpl.-'rtil-r.._ et ailsa I'."lli'ruw 5l|r-||.:qlh.

The gain in ftigne strength is ot heast partly doe to elimination of stress Fisers fom

wilticly tatigue cencks can propagate

Clags 1 amd class & trimetnl svstens compwise beaced bromze intermediste bavers with
relatrvely theek tincaloy surface Javers Thev arean evnliution Hom bonze-Lack babbitt
constniction wierein steel has replaced most of the bronee. This produees the expected
eronyenw andd beaying-back vield strength. bot keeps the desivakble “reserve” bearing
praperties of imnze-back consteection.

Class 1 trimebin] svstems, which bive silber intermmedzbe Tavers, are bogomdly for ol
conmmwrcial nses, However, thee affer an unaqualed combination of high lead eapacity
and corvosion resistanee. They are still in lmited nse in aiveraft eadial- piston engines.

Trmeetal svstenns with elecvivoploted lead-lase surface livers snd copper oF alnminum
alloy intermediate davers offer the best combinations of rost, Stigue strength, anal
siface properties. L hey tolerate boumdary and thin-flm lobrication swell, and thuscan
b el il higher dopds shan any bimeta] sesteme Althongh meore sy than
camespomiding steellbinck bimetn | svstens, they serve in some high-volwome antosmnatiee
wses as well as larger mabile and stationay engines: A highly developed body of

I:II"'III-CI!I.i('-CIJ.\, el ".'.II.':.'\,

{ i |J: il |'ll| |'I:H.'| |:li'.'-i|] mEinl |r-:|‘:'|.|.||.'i |.|.F\. 1‘.":"1“ i III"I.':\? i."'\- '.':‘-I.illl 'I'i:ﬂ]'l.‘.":l i n
plain henarings, and it permits misss prodoction of previston timetn ] bearings withont

severe most penalty.

Material o this series s condensed fromthe chaptenr " Friction and Wear of Shiding
Henrmng Matevinls,” by George B Eingslory, ASW HANINOCK, Friction, Luhrication
and Wear Techimotogy, ASM International, Materials Park, Ohio, 1902, pages 741-757,
For |.-|1-|1'|'i-.'|;.1 mformation about the entine book, contact ASA letemational, Materials
Fark, OH Jgo7s-om00, phe (206]- 5084600

Giearge K. Kingsbuery, P E., recently refived as Senior Enginesr from (dacier
Vangdereell droeo sengor pooduves of eetal plede Teortngs, G preeedpo of T owen
ireebellunyyiosd engpneiring consulting practive s {gpadhuest (Oleveloand |, Cfao, He i
well o dn the Decoingg materials feld as o audfior, leetaeeer, fmventor, and
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Basics of sliding metallic-bearing materials - Part 5

Thiis i e filth of & series on principles aod charasteriatios ol metallie pladn
bearing materinks and hiow 1o np iz tlven in given nses. Part 1 appesred fndome

1, 2 an Jualy a3 i A 1oy, naed § in Ko, geg J NV E NTD RY
GEFRGE R RINGSBURY | Moo 5, Aipg 1, FHHD

N . .
fame | [ snare wrwen 5o [T | CEMMENTS

ln Part 4, we cisenssed multilaver bearing- mnterinl svstems. Mow, e covee cnsting,
provdder-metallurgy, and roll bonding processes for eannfacturing bearing-material

svatens i singhe and mulvilawer trpes.

Casling procesies

Single-metal systems. Except for porows- metal, cl-impregnated] boushings, oll
single-metil svatemis in Table 1 ae rovmasercially procdueed by casting, with o without

b epgineering challenge wols sites
1 Ol beeatien SRl we wew il FTC Live

sulserwent meshisncal workang. Plate, sta, and sheet fornss of commerial bonze, of
loav=lead ank bead-fee tin broames, amd of a lommrne-tm alless are inttally cast as
ingmets, dhabs, o bars, Methods sre static and sontinuozs casting similae to those e
other bss and alvmaniwn mall prodects, Subsegquent volling and annealing opemlions

Gilabal ey last weck

. The Dallerenie Between 2achined and
10 Pringed detal Togctven dlalds
Giadlomy Ol sepaon bechnalogy of the

shinptness of teaded G bronzes and alumismtin allovs, they noust be rolled either colid ek

o atondy slightly elevated emperatare, with frequent intermediate annealin g

are nlso simalar o those of conventiona] mll '|_:m-|||||- 1 Becanse of extrems hot

53 To i wardd | withook harnsssed
electreaty . TESLA

The recrvstal -'|,1.~'rr.1|::;hl structures of bronre pnd aleminane-tin bea Fing allows differ
substantially from the imatial cast stractures, with meepect tothe configartions of Commentaries and Blogs
copper wnd aluminwn phases apd of firee-lead and free-tin phases. Lnprovernents in

i tlri1_\' and frmin ] chnmctsisties that come from these steactaral <h AR e

Ter dor GTEM - Tan devalopmasis
promafing science & lechmalody leaming

important i subasguent bearing manutactures, The chinges bave no stong effect on by Lt Tenchbes

Petfommanee properties. As-cast and wronght foms of these allovs ire o conmwercial Poebail 4 dhalf ag

[0k .'IJH] \."'_Hi'.H_‘f L |'\.'|'||.i|‘|:l|.n i]l. I:'!'U.I'H'IJ'?'\-. J '.II”.IIIH’ iI.II':I. |'_‘|'Ii.l|':|.i.'.i|.'|||. I'I".'II?A.'. ?.ill.l'. :II.'I 1 From the Editer s Doxk

alnminunytin afloy shapes ave produced Ly statie, centofogal. and coatinuos cisling

methods, and sebsequently machined into bearings. High-lead bronzes are used only Buch-ofdbusnvatups caiculatiors: When gy
wloss b= goed anough i

e amy Ik
) by Steglsen Mrae
an

as-cit, becanse of thewr bow dactility amd extreme hot shortness, which peecl
suhstantial plastic detommation of cnst shopes Cist alomanime- tin afboy tiebes ¢
withstand fimited cold work, lowever, and in some instances cold cotapression of § to

[l BRI

: : : ; : ey
5% movenses viekd strength and pnproves press-fit petention i fimshed beanngs.

B andinsaring challan pe welt stas

Binnetal systens. Specialised costing methods are widely nsed 1o prodiee Bametal s Ml Feldk ,
materials in tubes and st ships. Except for aluminmm alloy systems, Table 2, classes FR e,
ared 8 all commareal himmetal svetors, at keasl m ]ll'i:l.'ll\.'l].lll'. can be ru-:.r‘ll.ll.'r-.l ||:- 1K M terbal Woesdil

casting. Svatenes with tin amd lead babdatt ners move thon abeat o.oog . thick ame

univepsaily cast

« Hathitt centiifugal casting. Shortubnlar steel and bvonee <hapes (bearing shelle) are
cormmon [y lmed with fin or bead allovs by vamons formes of centifigad csting Here, o
miachined stee] or ironee shell 15 '|~|'|'-|'n'. ed and coated Ty srmmersion i molien fin o Fagrar-jr P recddnd dair feee mensdetiors
tin allov. The prepared shell is then placed ina Lathe-like “spinner” and turmed alcut
1t aegs ot combolbed speed, Aoltén babbitt s adaatted through one end and nniformdy B-BLALL)

dhstebded arcinnd the mside wall of the shell by oo |1tri|'1r_:',-.l action. e lnver then s COUNTRY: LHITED ETATES
eovded and solidified by spraving water against the stside of the rotating shell. These
pcrsses can make fime-gradn, aniformly thick et lavers, filly bowded 1o the steel o
pn‘-i.'ll\' suited n ||||'-_q|' Ainmeter,

bronwe bearing-hoack matenal, Centfugnl ensting i»
thickswall bearings which are mede in small guantties, and 4o full-onnd seamless
Bearings that capnot be made from Aat strip.
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« Bronze centrifugal ensting. Leaded tin broages also ean be applied to the inner walls
af steal shells by centrifagal casting Theve are vanous miethode of shedl poepoostion,
inclading both molten salt spd contolled -stmosphers prebesting, Total nbsenee of
axitdation ofthe steel shells inner wall s 4 fmdamenial requirement for pomgalete

Al s
imetalligsal bonding. Centrfugal casting of bunses suoceeds best with alloys

contaiming more than aboat 2% tin and not more than aloat 20% lead. Chagside this LESS
range, leaded tin brosiee and copper=lead allovs are sémsitive o lead segregntion and 1 NV E NTO RY
comseiient nonnibrm Teentrifiged” micestrnetnees. Bat insde this vange snd with

well-vontiotled proeess conditicns, mechanically sound, seell-bonded bionze Lvers "

with mmiform micrestmectures can be prosduced,

» Bromze geavity castingg, Al copperland allovs and leaded bronzes contaizing np o
abwrnt 95% bead tan be cast i and bonded tosteel shells by gty costing, in which
||:Il\.'l'\l:' ool |'I'|.:I'i FIIE.\' 'F'(l}'\t):'. I n H1If|‘| JUTH CRECS, A COIE r|:11|,:'||1. Fowrins nm -Il'lllllllull'.‘ﬂ'\ph. L
inside the shetl, into which medten bronze or copper-lead alloy iz poaved. Many such
processes are in commercial use, nsing a varieby of preleeating methods, core materials,

ponmng methods, and quenching pocecdhares, L IeCT il

Essentials

Az in centrifngal casting, abisence of caxides on the inner shell wall is nevessay for
camplete bond of alloy aver and steel back. Liner microstruchiess made by mavity shell
"-<'-"1i“;-'\. genemlly e more uniform than those by centiafingal casting. Vo bow-tin or e e L

high-tend cranpositions, or hoth, gravite cashing is pretened; there 15 no eentoafogin
1 b o i R [ y B ' S B T Essaniials o1 Elscironics aml EI8cle:s

effert on the solidifing alloy. Equiipmani

Bl i anlbesy aumal Jeadd allen Deardn g-steip materiials ane Tna Essenilals of Fastondng, Jotnding and
Ansmlly

+ Babilatt stiap casting,. Steel-l

eommmon by prodnesd be rontinnons easting. 1 i done on process Times in which

separate cleaning, etching, hot tinning, liner-alloy casting, and quenching are warvied Thn Easnbllals of Faild Pawsi

aant cumtinuonsly oo amoving stecl beanring-back stape In-line machining mey by

imeladed so the stip mmerges with elosely controlied thickness soitable for besanig Thw Egseniials of Material Seloction
fabrication.

The Edannilsls of Motlon Sosteal

. it P T - ok N ol
Erixe i pUIII !-Iu'.ll i -\.I."1Ial.|..,. I ]IE" \."]III\. =L CUHOAIErT .||.| Proconses Fevr adied I.I.IM o The Eassnlials of Mechanica %\: s

rasbing om A meing
steel] strip, Stecl preheating, alloy casting, and quenching sre done in a strongly

|'|'ih II'.tI:IH A IK(‘?]JJI.I'J".‘ Lo e I.J'\.'l\.":ql.llﬂ FELETT T 'J\.\J‘(I!‘I'l;l\.!l'l s BoaE ;ﬂ 'I.I (=13 I:I.IiI.I'EI;JLi mz I.IJH'I Wterstoln

poipper-lead and kaded-himinze Beaing step alse nse continim
Xylem Inc.

cam Do cllone, Dot the ot striposaally is nachingd in a separate line G close thickness:
sontrol, There can be ndditionet cobd rolling and nnneaticg, sspeeially with the fow and
medinm lead-tin bronze allovs, i which recrvetallized stmctores are fequentls

Watlovw Elestric Manbfaeuilng 6

B verdseEmin

preferred fo- their superor fabawcation properties.

Strigs casting of eopyeer allons s diffienlt, sequinding close prwess contml, high opesior Connect With Us

skill, and expensive speaal cquipenent. Only o o beanng mnmudacturers wse it but

with maech ssooess. 00 nsed not only for thin gege ooaled matedals, but akso for y .
hemvy-gasge shiles wilh stee] thicknesses to o0 i E ﬁ m L:J
e
AT

| miaterinds with thick aurfaes lavers, ‘Talle 3, clwsses 1, 2
4, ave used mosthy 10 Lavge bearings. Ulese ave prodeced in Low solumes from steel

et ] systenns . L rin

shells andtially ek e castim g wish copgper-bead allons ar bopae. After mtemmediat
machining to resre eamess limer allov, such shells are commen b melined with oo
leaad bbbt vy centrifugal casting, Methods used are essentially the 2ame as those lon

wasting in bivre wileel o solid binge shells.
P dar mratallungy proceszes

Single-metal systems, The only commercial nae of powder metndloegy (F /)
mthocks formaking single-metal being malerals is in fabrdcation of copper-base and
ironsbase pooons metal bushmgs, which are sulsequently impregnoted with o, The
mrtheds ave stmilnr to those fo-maeking stractursl /6 shapes — that is, peessing in o
eloged die and sintering in o reducang atmosphere. Bas, tubies, and finished parts are

maacde s this way, Often, post-santer commng and re-pressing conbied final dimensons.

e the “Fovwder Metallurgy™ section of the ASM Metals Sonabook, ASA] Interpational,
Materials Park, Chhio, for defailed information o this technodogy,

Bimetal and trimetal sestems, No powder metallnrgy prooess 35 in commisvial nse
with lead-base or in-hase bearing allovs, noris there any commercial provess or
linirg beniing shells by povder mctallurgy methods, In mnoutsetoe of steel-bads
wopper-Tead alloy aml leided binze stip, owever, poavder metallirgy methods ame

el meame exbensely than any othes.

Continums sintering on o steel backing strip onn prodises a vovicty of steclback coppen
alloy rsiterials, including commterparts of all cast copper-lead and leaded bronze
beanng allovs, Tabbe 2, class 4. Hee, prealloved powder patacles aoe spresd amitomly
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ok eing gael Arit. As the sty passea thesagh a fnnace a isducing
wimeespher, the el = e eaether, foernnge an apen g Tended g tha snma
Aftr canling, this Lavetal ig 1alled e etz e line s 100, then eesimerend tacdevelop
eormplete it ozl and allesto-gter] Eands, At vesinteing, the o mar nccive
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B sintrring it peechict o oA stecl-eoee “aa dwieh™ vaterial, which s

I‘.E'.-.Z"ﬁtli-il M ?i'.lil.illlll' |:\.|I' il|.||.3'|illill.i‘:.'llﬁ IH|IIiI'-IrIH Liaesy I.lﬂiliﬁh', bl I'Iill"f‘.h, H'.II'II L irl HuirriF
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mberiads wilh sl Lveces o Lo wbou, 376 i Uhdsboadso an e proeessed o Wal sbals
Lrmzths

sulbe DivneLal Ansd Ueeebal L viees coanbe il anle: cenn Lo e L ropressgmalion or
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impregnuliog, o Ll steip ol peendloced ssapper Jessd illes or lensded besnee possden s

izl i iallen leind-Lin alloe Lalh healend almse Uhe rmel Jug peoinl of Tel.
i, e i The Teanl=Lincallon e dliee seame I al Dhe slega siefaee, In

wfiltration, the coppea alloe poonder Lavaa Is frec siotered aoud mot - aapa:bed atber

e foring, Ther cacngrid slot:d Lazer o2 then It ated 1cith moeatesial havine a Lover

elhrgg, Tempeeahee i Thal of The ged ol

Thedntihivant = snalle mlien Tead e a lead wllew 7000 meas e o noneeestal e,
watelid suelh as FUFE, wthich can B-> dteedwesnd oo past: 1 sy forn sousehal class
vl sEI-Tuleewsadiceg, Dedivsee sbemchoees s osnde connne a0l his e — wlice a
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Ea pilain beanimges is pecaductiza cFan almminmee es d alles steir: Earsubacrunt
Twnding tex s sten] Tk, Ciee the thivd fem ondee clazs 20 Talle 22000 e, e oeed
L] alureanom peseedese amd orall el ol maroea peaeAoe nee el sepeontele oo
P e ol lingg roilland ecartimenalys romparted nto a hilase alnminomm s, Atter
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Twinlingg T messd Lo the steel This ste] Boele i pesemees as o Temetal meaizdal e
bratings, where wait Leod esecads the capaeity of tine e ey Bablatt bimeta )

Redl bending processes

losl commec- | maen G loee of lienelal alooeoooeess e Beiverge sbeg el el
rTable &, class ~0 s hons boargoll boedine e Jer allo to g stool backing saip, Foth
Ll ared v Lo perees soee usel Con L ans pncssses e Greored L

eereormivi- |, Toh-veclorne procseesssi me of Tigler gages.
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Basics of sliding metallic-bearing materials — Part &

i i e sistl of o sevies® on prineiples and dhameteristios ofmetallic pladin
bearimgmaterinks and hiow to |rE|II1ui-?r e i given nses. Part 1 appeared i doe
100, by Part ez, dInby 1o, pe i Paot 3. A oo, .o Paot g, Nowv, 100410,
S0 Pard 5, Ang. 1945, p. bz

GEORGE B, KINGISKURY | Uetine Syorea Demm Ape 103000

Foipan | B suaze reen’ 5o G CCAMENTE L
tn Faot 5, we dsenssedd vastiog, poseder- mtalbargy, sl noll bonshng paesssses for
manuictunng benting- matenal svsters insiogle and molilacer trpes. Now we cover
ebectroplating provesscs, and we discass lin allovs, bead allovs, overlivs, and coppes

allins.
Electropiating processes

Flated overlays, Lead alloy sarface fwyers (overdnvs) whose thickzess nimst be mo
e tham abon® coooo . | Lalsle g, 1'|:1:9M-.-.4- e rzf ane st l\."‘..'J:I'J:IU.:“:III_l.' ;nul.]ul. o !l:r
elertmplating the lead alboy on Grash-machined Dimetallic heanngs Special pdating
ricks cnsure uniform distribotion of plating cament over the bearing surfivee, Often,
with close curtent contral, important dinensions van be maintzined so precisely tiat
nermachining of the electrodeposited alloy siriee 5 needed. Che manuBctoer bing
developed a paocess inowhich the lead alloy clectvoplating bs applicd contimmonsly to
precision-rolled bimetal strip. Herve, sl fomming and rimchining follows elestroplating

Elestragalated Bead hahlatts conmpaase both Tinary lead-tin amwd temany lead-tincopper
compesations, all of which e conmergally codepoeated Trom Macme eleciolaes. Do

prevent boned and plate defects, extreme care is neaded in prepoging the basis metal

Besides cleaning ol efeliing, peegdating Lz metal prepacation nsually includes
dbeposition ol ome or e thin melallic wtedavers, A thin averol micke] s et
trequently wsed over copper-lead allovs and bronzes to prevent tin diffusion from the
plated smdee Eaver into the copper basis metal. Copperis most otten ised over
alummamam albovs tospsines ol adhesion of the p].tl!ﬁ"l Tead alloy Lg:c:r, and nickel
sametimes is plated over the copper to prevent tin diffusion from the fead alloe lver
imkor the copper laver.

H i [ HE N I.I'i\l]"i HI'H“ ma IIII'M am I'I't.l_l\. % e ill‘il i 1I.‘\J|'\C] W hh I'r:l::l|1'l"'E!'i'II| an III .I\.'.:I':L:'II laremee
intermediate loves. These alles are produced by ebectroplating, separmte lavers of pare
lead and pure indinm and subseqoently diffusing indino into the lead in g
losiv-temperatire heal trestment. Here, no diffusion Banier is noeded Between overday

aml intermiedinte alloy laver

Flated silver intermediate layvers, Fure silver and sibver-bead alloy benning liners
av appbied tostes] shells I edectivdeposition S evanide plating baths, Usieally,
final mackining comes after plating, lepving a substantzally thick laver, (fvpically 004
o 05 im ), of bonded silver liner material, Although as-plated thickness toleranees
are med critical  special racking aod masking techpigues restiact plating to swfices
where it i reaiimsd and to elimanate local high corent densaties. 17 the plated laver
stengture 15 to be nniform pod the Bond strength of the Geer vniformily high, tie steel
bazis wetal must be pregared corefully, and plating-bath compositions and cleanneas
mingst he propedy contralled. The prnciples of @b plating of beaing iners are the
s i o e e silver plating Hosvever, mnusuadly thick deposits Cnoemally mom
thiam coiin in. and extremely high guadity vequirements for bond and plated-metal
sonirlness have spevwmer several nongne apesiang amnd conteol practices,
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Tin allays

Tas-lsrse Learng materials (hablatts) are allogs of tin, antimeny, and copiper that
eontin hmated amoints of 2ine, aluminim, arsenic, bismath, and wren, Zine in these
leaving metals gencrally is not Bivored, Arsenie inrcases resistanes to deformation st
all temiperntures; @Ane has a symilor effect at oo F, bubeanses little o no clange at
o emperatire: Sine has o marked effect on macrostincmmes of some of these allovs,
Emnll r||r|t|:11+i:-.e-:nl':||u|1'ri|r||:|'r| even less than 1% = modi v meeecstmetorees, Bismnth
is objertionabie becanse, in combination with tin, i forms & entectic that melis at 27y
F. Abeae this enbictie lemogeratare, sl stength decreases apgavanbiby.

Higlk mechanienl Flmg'-c-rﬁ-e's of AZI™M gl'.u]n-.-.' 1t g e avalablein “Frction wne W
of Shding Hearing Materials,” ASM HANDBOOK : Friction. Lubrication awd Wear
FPechnology. Tiese properties haove sonee valee for mitial ontenals sereening
comyparisons ameng alove. Howerer, they are not relinlle predictors of performanes of
thin lavers bomded to stroag bickings; which s hove most tinbase bpl:bitts ave used
uksdern Bemang peactice. Laver thickness effects in Figune 4 amd e matinne effacts b
Figure & pre move bmpoetind proctical considerntions than mechanicn]- property
differences mremg varions allov compositions

Coargpaned with nuet other Dearing materials, toin alboys ase e Bt cesistance bt
stvemgtl s enoigh to wansnt wee al loww loads, Thet are sasy b boad and Bandle and
have esrellent wntissimure gualities

The altovs vory momicrostrucinre i accordance with compesition, Allovs contaming
abodit 005 1o 8% Oy awd less than alsout 8% Sh e chamwtenzed |_-,_|,'_-| solid-sil iition
miatri in which see distiibited needles of 9 copper-rich constiteent and fine, Toandesd
pastickes of precipitated ShSn. The proportion of the copper-rich constituent increases
with copper contenl Allos contitang about o035 o 8% Co and moee than alout 8% Sh
exhibat primary cubaonds of Shén, ond aealles of the copper-mch cosstitnent m the
solic-soliution matrbe ln allovs with about 8% Shoand 5 o 8% On, rapid cooling
suppeesses cuboid fornpation. Uhis is espeviallyso of allsvs with fower copper

e s,

Lead alloys

Lecl-brase Dearing materials {lead babbitts] are allovs of lewd, tin, sntimony, and s
sy cases arsenic. Many such allovs have been used for centmtes as tpe metals, and
were pavhinhly first used as beanmg matenals hivnise of properies thee wees kneavn o
[emsiss o other nses, Lhe advantage of arseni was recognized about 1998,

Connents i the previons section abont sipnificance of bulk mechanieal propertios of
tin-linse balditk allores apply equully to those of lead: bose alloes.

For muy vears, lend-base bearing allovs were conssdered jusk low-rost substitutes for
tiw allovs. However, the twosgremps of afleas doowt differ geesthy i antiseizane
chamcteristics, and when lead-hase '.15&'\'_\'3 ae aeeed] wath stes] backs andan thacknesses

beedine 005 m., fatigne vesistance ks eqoal b, if not better thap, thet of b allovs,

Benrngs of any of Bhese allivs ae servivealile Tosgest when thesare ess than 0.003 .

thwk, Fagnre 4.

Without azsende, macmstructures of these allovs comprse cubotd primsey ervstils of
S, or of en toeny embedded iooa termony micture of PheSh-5hSn in which lead
fowrive: the matiax. The namber of these cobobds per aoit volumme of alley mereases with
increising antimony content. IFaatinony condent exeeeds aloat 15%. the total aowaint
of havd constituents incienses =0 el that the allovs beeome too bristle 2o nse as

aarng aabeials.

Arsenk addhed B0 bead babditts imgaoves mechamal properies, particalashy at high
temgerabnre Al lead babbits are sabiect b sofiening o loss of shength dming
prodomed exposure 1o emperstures at which they serve as boanngs in intermal-
comipstion engines, 20 o 300 B Amsen ounimges such sofienimg. Wath sufalile
e;l:.'ring enmditions, nmsenieal kod babibitts develop vemokably fine, nniform strctunes,
‘They alss hisve better fasigue strength than arsenic- free allovs.

Peineg temperainme and cooling mbe makedly anfnencoe bead-allos mcostmcbmes
anl 1:-|'r:g:-:-|1ir'.\_ u'sl:uwinH_\.' when nseid as ]'tr-;n'_t' linees for vathvay inulmlh.. |'F'i_|5'1. 1'-.:41rr1'r:|_n;
temperatures and losw cooding rstes, snch as those from overly kot mandiels, promote
segregation and formation of 4 coarse Streciure. A ooarse meture may caise
brittlenes |L|-;'|;|t;q_ with s i,'l:ll'l‘_||ll'¥".‘9“,'i'\'.‘ =i h.'ﬁjl\‘j]l and lose hardness
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parts are blanked and foned inte fmll o balEmoand shapes.
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High-ltead tin browzes. These contain mesdinm to high smonnts of tin, snd high leard
contents to markedly improve antifiiction chavacternstivs. BAE 7o, widely nwed in
bushings for rotsting loacs, has the snme bron e matex composition as SAE 703 (4.5%
S, bt three times as nouch fee lead, 16 Es cast or sintered om o steel back and nsed for
somewhat higher speeds and Bwer loads than Alloy 7o The bronse et of 844 7oy
15 miwh stronges than that of & gloin 75-25 vopger- lead allov. Al 704 can seeve as
the indenmediate bver with o plated cercday, in beavv-duty timetal applivations such
a5 reanin and connecting-rod bearings in diesel treck engines, This constimetion
premackes the highest loal cagmonty avimlable mocopgeer afloy trometals

Copper-lead allovs. These ave used extensively in avtomative, aireralt, and geceml
engineering applisations, They ave cast or sivtered to'a steel backing stip fromowhich

High-leol afloy SAE 48 con e ased bare cn stee] or cast inon jeamals. 1 i oonlend
is estricted to maintain a soft copper matiax, which together with the kigh lead
comtent improses the alloy’s antifriction and antisekne properties. Bare bimetal
sopper-lead berings ane used infeeguently today becies: the lead phise, peesent as
nearh pure lead, is susceptibde to attack b corposive products that can forw in the
crankease lubricant between extemded oil-change intervals. Therefore, most
vr-::.ppr:r—h.wc allins with lead contents above :n'h, irl.r'.*ﬁrﬁngimth ﬂ.!.]_;_w- amil Ja are
nowe nsed with plotd peertors in trimetal bewangs for sutomative and tock &n pines

Sk 95 s s special sintered and infiltaated compposite material, produweed by methods
deseribed in the preceding section, “Uowder Metalligy Provesses” By these methods
v ean e 5 strong, combnnees copper illen matrixc with a high bead rentent;
aml allay the kead-rich comgtituent with encugh tin to resist corrosion. SAE 435 is nsed
mstly i bashing aod bearing applications imvolviag prodlems o alignment, st

Mechanical propertics of copperbase bearing alloys, Talle 4 shows the mnges
aof meechanical steength properties of copper-base beamng alove, secording we alloy
Famakies fnst disenssed. Indentition hardnass tests provide the Best idieations of
ehavior with compeessive ionds, and are the only standwed stren gth tests applicnble to
all alloy foorns Conventuonal tensile and compression testing can be done cnly onsalid
alliy Tawdies, which vepresent asnall prt ol tatal eopper- ase bearing alloy ase,

Test infonmation of s kind Belps in mateiaels selection, o 0 suppdement (o
information gencrated in dyvsamic 1ig tests and inveal serviee. Execpl in eertain
salbl-allng Bearings and Bashing applicationss, alloy stength and haaTness valies e

"Material in this series is condenaed hoom the chapeer * Friction and Wean of Sliding

Heamng Materaals” by George B Ringslans, AN HANEOOR, Fection, Labe foatio
and Prar Tectieadoge, Ao Intermational, daterials Pavk, Obin, 1903, pages 740-757,
Fer oideriag inbormation about the cetine bock, contact ASS letemational, Materials

George K. Kingsbury, PUE. revently rettred as Sewior Sagineer fromm Glacier
Vandervell fne o B it rrj'\.'w.l'r.uu'_l'ofrm-rq.l p!n::l'pr J'h"url:n_rp;. r'.'r'mu'm'i;m'f |'!f Bl sqem
metathirgicad engineering consulting proctice e Lymdhurst (Cleveland | Ohio: He iz
well Enows in e Bevaeineg materials field as an autfior, loctwser, inceator, amd

Y A T S E ETAR LTE F rcorverd R

http: //machi nedesi gn.cormytechnol ogi es/basi cs-sliding-metallic-bea...

HAME: Bnommesis

ERLAIL

VLR DOMMENT

SUBMIT COMMENT

Bign In or msder boowee
wann Macbems Tie g T

40f5

7/1/2014 4:25 PM


http://machinedesign.com/technologies/basics-sliding-metallic-bea

Basics of dliding metallic-bearing materials — Part 6 | Technologie...  http://machi nedesi gn.com/technol ogi es/basics-gliding-metallic-bea...

Related Articies

Basics of shding meladlc-baarng matarizls — Part T
Basles of sliing metaiic-teanng matarizis: Far 1
Bacice of shding metsliz-baarng materlsls - Part 5
Bashes of shding metziic-bearing materias. Pan 3

Basics of sliding metafiic-bearng matsriabs: Part 4

Search Parts

poweret b 2L seumencsn

BALL SCREW LINEAR ACT

uf this ﬂud'f guide today

rasardad by
maching -' |

[l

Mean  Markets Comnmunity  Learving Resoasrces . Conganavies Part Seaaelh

S s e machine
ke WolsHe Shte low | 3 : d@S'gn

¢ Electponles H pilhes & Puenmatics  Medical Deskgn Englneering TV

wirchnsing Mectronbe Deslgn Enespe

50f5 7/1/2014 4:25 PM


http://machinedesign.com/technologies/basics-sliding-metallic-bea

Basics of diding metallic-bearing materials — Part 7 | Technologie...  http://machinedesi gn.convtechnol ogi es/basics-sliding-metallic-bea...

migedt  hydeouless.  elecironic  gngineening ity Osourcesb

Sabiveribe Dagital Editlmn Addverfise  Ponlact { R

machine

design ~a cemceven | 100

Techholog |2s. Markels Comrmunity Learning Rescurces Cempenks Fart Search

= Siponrared by Presantzd by
Selectlng Brushless cineranor  machine

5 . ?
l( Servo Motors | il i

HERAE = TECHROLOGIFS = BASICS OF f2iDite WETALLIC - BEARIRG MATERAES — FART ¥

Basics of sliding metallic-bearing materials — Part 7 ' BALL SCREW

Thiis 2 e seventl and Lot of & series® on prineiples aod eharasteristios of metallic LINEAR ACTUATORS

pinin hearing materials nwl how o ||pr§,|1:|i>:x' heny ini Ei\.‘l"‘:ll imes. Part 1 appea red in " G y
Jumne gy, e 6 Peot 2 Joly agmg. pere s Pat 2, Ang. 5044, 1. on; Part 4, Mo, m&mrhﬂm
igsrg, e 500 Part 5, Ang. w5, poda; Pact b, Apr, 1get, po 51 u-f ﬂ‘lfﬂm gu’m W

GEORGE R, EINGIBURY | Aetme Sysrom Do Fab 1. 100

Foipan | B suaze reen’ 5o G COMMENTE !

tn Fart 6, we chsowsseal eleckroplnting provesses along with lim olloss, beacd alloss,
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allovs, zine allovs, other metallie beming materials, nonmetallic bearing materials and

Teearing-nsateniel selection.

Aluminum aloye

fepginerring sallenge wols sites
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Suceessful commercanl nse of phominanm alloyvs in plain bearings dates toonbout 1oq0,

when Bow-tim abumimn allay costings e veplacing solid b
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machinery, Production of steel-backed stap materials by mll bondin g becime

commercially sweoesstul sbout 1950, allowing developament of practieal bimetal and
tiinietal svstoms neing aluminnm albove in place of babbite and copper allovs,

Ready availabaline of alwmdmom andd it stalde cost have been inrentives for hradening
its wse in plain beaings Alaminam singlemetal, bimetal, and timetal systems now
can be ised im the saine load ranges a5 balibitts, o el leadd a|.|.-={\'-._. amnd high-lear] tin
branzes. Moreower, aluminms outstanding convsion wsstonee s gianed
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lagpeb: contyol fatigue vesistance snd opposing progertios of contormalbilite and
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likewise pretered,

LE oot meeeed Tl hiagher load copacity of a trimetal material, then select an alwminnm
liner alloy that prevsdes sdequate — ling pet exeessive — steeprth, That was, voor don't
sacmitiee conformability pnd embeddabilite nonecessaily. The tin-{ree ally grong
offers a wide range of strength properdies, and the most economiical choies wmually is n
s g

Silver alloys

Lise of silver in bearings iz lagely confined to unalloved sibver electroplated on stie]
shells, wheeh then are machined o close toberamees aned Anally precisonglated to sz
with a thin sott-metal m':'rq.l_i- Fhe overdaer mi le Fead-tin, Erar]-li.m_w]:-;'u-r, o
lead-imdium. As & bearing material, plated silver 35 invariably naed with an overlav.
Silver oo stecl with am overbay is the ultimate BEgue-resistant bearing material,

Silver was widely used r'||.|r'm3 and afker Yorld War il in .:|i|1-:'|'.||:l.I where 1ts :|1'i_|;,'1‘1. sk
wizs justified, A= piston engines plased out, kovever, the wse of silver in bearings
greatly dedined. Unrvent applications age special, chiefly in the airceaft and locmmotive
imiu:’-‘l:ri.l':.. In -.'i:m'\.' of I'|:|-'= h'i_l;,]'l. sl of ::-'ﬂ'w:r, ANV NS 10 r]-:-rn;l:lr-{ H:q 1] wmll:]
stmmelate o seavch for a comparable, less costhy adstitute,

Zmc aloys

The ine-Tase allovs that have served sacoessfubly for machinery beaivngs are standand
zine foumdey alboys of the n-Al- Cu-Mg high-perfomanee tepe, Tobalar shapes meade
by conventional sand, prrmancat- mold, and prossne dic costing methods a1
muachined ioto basmm g ek like solid heanee beard ngs are. Most apphications have
been divect substitations for sobid hronze beavings, meule mostly o vedoes vost,

LEigh compressive strength and havdmess of these materials sngaest greater load
eapacaties than those of 2alid besn e and solid alumanum beaang materials. his 1 mot
=i prscies however, largely Becanse of the high mie at which the 2ine alless soften
with imerepsing temperatuee, Maxciommnn eeeommended mnning tenmperatnies of woo to
a5 | for zinchase allovs are more than 200 F bess than temperature limits o coppet
amd alumin - base bearing allovs.

Bescanse of low cost, sanc-hase allavs sl |:-m|'ru|11-. continme to n-]:-]._u':l {r:|'\-|w;{;-:|.\.'r
allows i some applications in eonstractica, eathmoving, mining, and millmaebinen

mapkets However, trohmionl Bots wath respest o bagh-tempemtore stength aond
SITOS0N |T'5;IE‘;1'J'||$'_'I.'E “'i” JIERVETHR TIWRST O IR TS Ime e vy I]'lll:l:l bl'lll'lﬂ's T‘:}f.ili‘l,' ﬂqh.l:l.b

Other metallic bearing materials

Givay cast Broms, Cast s ave staondand nsterials foe sons applications involviag
Irictiom and wenr, soch as bmbes dmmes, piston rings, svfinder liners, and gears. Cast
ironz dbo well in soch apgdications: and thns shonkd be considered braring materinls
Gy iron bearigs have beew seccessful in refed gevation compreasors where besring
presaires seldorm exeee] G30 (s R marn hesiomeas and 800 Pei for connecbing-rod
benrings, Mormally, jowmals in refrigeration compressars are either of steed, carbsrized
amed havdened to 35 baia Kockwell U (Bed, or of paaadites moalbealile or ductile iron,

haardened b to 38 B and having a surface Anish ol 12 man. s or better. Becanse of

sopmsaomal chlniion of oil with lgust eefiagemntaond beavy Bsioing of the ol
Iubaeation oy beocaime marginal for slovt periods, Fine-grain ivon veith unidonmdy
chistrbauted graphite Takes usially does well during these periods. Citen, the beanings
A FIt‘II.Jh]1|IiI.|.|‘—I'IIiI|I,‘11 Lip e sty (esistanie. Such |.'1:|:|li;r|_|a‘I il creates o
spotge-like surface thak promstes ol retestion

b good] wear vesisbance, gray cast iron shauld be pearditic with vodorly distribated
wraprhite akes, Cast ivons e Deen beal Urested o marensgine stuctoes (o mse g
ovlinder limers, Lot benefits of such heat treatment have not been economically
justitiable. Hazdewed cast iron lias been suevessful in machine-tool wavs,

Cemented earbides. Exiemely hand omleaals, incduding cemented luogsten aoncd
btgium earbades and eomlsmaiionms, hove been sieeessial for vanons :;|w|:-i:|.ﬁ T nng
anl zeal applications. They have essentially po conformability and embeddability, but
vanik Tl o strength, Dardness, coireion resistancs, and coppatibilio They aave
brrn of moest interest in high: temigerature aercepace nses, bot bive also bisen nsefid in
somme machinery and machine-tool applicatioms

Honmetalic bearing materials

Tewday, wonmetally ésmng retenails are widaly used, They kave many inheenst
advnniages over metals, including better comrosion resistance, lighter weight, better
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merhanical-shock resistance, and the ability o fnction with itde or no lebrcant, Uhe
imsjor dmadvantages of most noometallios see their high coefficients of thermal
expansion and fow thermal condoctivity, For many veaes, carbone-graphites, wood,
muber, and laminated phenolics dominatesd nonmcetallic bearing msterials o the
iy 19 pos, desvelopment of nylon nd FLEE (Peflon) gave desigrens two new
nontetallics with wnigoe charactesstos, especially the ability to opesate div,

Avariety of polvmer composites now serves bearings, Adding fiber veinforcements and
filleys such as sclid lobiieants and metal posvders to the resin nstiax can sigrificanthy
nsprve phyacal, thermal, and trabological properties.

Bearing-rralerial selction

Hearng-material systern selection tor a given application and mechanical design o
the bearing it=elf ave intenelated provesses. heither is entively stmightforwand, neither
N e niqmmrhn‘t inﬂfj}emf«nﬂy, J|:1.r| |'n:|1h p-qnin' n Kﬁﬁl‘] unr!rn\.'L'u:.:]m 4 nF-::ttbr'r
interaetmg compoients of the mochine system,

Lhisadicle has consicdersd the prineiples myvalved in bearing operation, bt it hasn't
thraed o ahisomss mechomical |:|_¢‘4£ig11 foelors i detml, ion't expect bn mute final
devisions on matendals for specifie ppplicn tions based on this text alone.

Muosl pain-bearing manafctarers can help with mechanical design and with matenial
selection. Hecanse of the wide nuterial selection most of thise specialized pooducens
affer and ther brond ecperience in proctical applivations, vow shoulid teke advintage of
e engineering sevices they can provide.

Mateidal in this series s comdensed from the chapter " Fidction and Wear of Sliding
Henmng Matevinls ™ b Gearse B Kingshore, ASLF HANTEOCOR, Fietion, Dabaionfian
anid Ve Fecfineiogy, ASK intemational, Materials Park, Ohio, 1992, pages T4-757,
Foar un]rl'i:ng mformation abodt the entire bock, contact ASM Inteimationnd, Materzals
Park, OH Jqo75-0002, gh. (216)- 553584074,

George K. Kingsbury, P.L. vecently retired as Sewior Engineey from {lacier
Vemyadered] e eeieior produces of ietel plain Teartgs, (s Pi'li'l:l.'fpn:nl of fs auen
e bellurgtcad sngineering consalting practies e Lypadhaest (Oleveldnd ), Dhan: He i
well Bncusr in the becring materials field as ar author, lectwreer, fnven tor, and
eomsnliomn,
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ENGINE BEARINGS

Il NASCAR ]

Officially Licensed,

CRANKCASE TOLERANCES

Finish of Main Bores:

e 60-90 micro inches Ra.

Bore Tolerance:

e .001"(.025mm) up to 10.000” (250mm) bore

Out-of-Round:

e .001" (.025mm) maximum if horizontal is larger than
vertical

Alignment:

e .002" (.050mm) maximum overall misalignment (.001"-
.025mm for heavy duty or highly loaded engines)

e .001"(.025mm) maximum misalignment on adjacent
bores (.0005"-.013mm for heavy duty or highly loaded
engines)

CRANKSHAFT TOLERANCES

MAIN BEARING AND CRANKPIN JOURNALS

Finish of Journals:

e 15 microinches Ra or better (10 micro inches Ra or
better for heavy duty or highly loaded engines)

Diameter Tolerance:

e .0005”(.013mm) up to 1.500” (38mm) journal

e .001"(.025mm) for 1.500” (38mm) to 10.000” (250mm)
journal

Out-of-Round:

e .0005”(.013mm) maximum up to 5.000” (125mm) journal
(.0002”-.005mm for heavy duty or highly loaded engines)

e Never use a maximum out-of-round journal with a
maximum out-of-round bore.

Taper:

e .0002" (.005mm) maximum up to 1.000” (25mm) long
journal (.0001"-.003mm for heavy duty or highly loaded
engines)

e .0004” (.010mm) maximum for 1.000” (25mm) to 2.000”
(50mm) long journal (.0002"-.005mm for heavy duty or
highly loaded engines)

e .0005” (.013mm) maximum for 2.000” (50mm) or longer
journal (.0003"-.008mm for heavy duty or highly loaded
engines)

Alignment:

e .001” (.025mm) maximum misalignment on adjacent
journals (.0005"-.013mm for heavy duty or highly loaded
engines)

e .002" (.050mm) maximum overall misalignment (.001"-
.025mm for heavy duty or highly loaded engines)

e Crankpin and main journals should be parallel within
.001” (.025mm)(.0005"-.013mm for heavy duty or highly
loaded engines)

Hour-Glass or Barrel Shape Condition: Same as taper

Oil Holes must be well blended into journal surface.

Recommended Bearing
Installation Tolerances

CRANKSHAFT END CLEARANCE

Shaft Diameter End Clearance
2.000"-2.750"(50mm-70mm) .003"-.007"(.075mm-.175mm)
2.813"-3.500” (72mm-88mm) .005"-.009"(.125mm-.225mm)
3.500" or over (89mm or over) .007"-.011"(.175mm-.275mm)

CONNECTING ROD TOLERANCES

Finish of Rod Bores:

e 60-90 microinches

Rod Tolerance:

e .0005"(.013mm) up to 3.250” (81mm) diameter

e .001"(.025mm) from 3.250"(81mm)to 10.000” (250mm)
diameter

Out-of-Round:

e .001" (.025mm) maximum if horizontal is larger than
vertical

Taper:

e .0002" (.005mm) up to 1.000” (25mm) length (.0001"-
.003mm for heavy duty or highly loaded engines)

e .0004” (.010mm) for 1.000” (25mm) to 2.000” (50mm)
length (.0002"-.005mm for heavy duty or highly loaded
engines).

e .0005" (.013mm) for 2.000” (50mm) or longer (.0003"-
.008mm for heavy duty or highly loaded engines)
Hour-Glass or Barrel Shape Condition: Same as taper

Parallelism between rod bore and wrist pin hole .001”

(:025mm) in 5.000” (125mm)

%st .001” (.025mm) in.6.000” (150mm)

NNECTING ROD END CLEARANCE

Fillets at end of crankpin should not bind on ends of rod
bearing, .004” (.10mm) to .010” (.25mm) clearance recom-

mended. [
—..___-..M‘

BEARING SPREAD
Main bearings: .005” (.Mj (:50mm) in excess

of crankcase bore diameter M
Connecting rod bearings: .020” (.50mm) in excess of rod
bore

W@é
The oil clearance shown in this catalog for the factory
manufactured precision sizes. When installing a resized
bearing, adjust the oil clearance shown as follows:
For babbitt and TM-77 copper-lead:
Add .0004” (.010mm) to both low and high limit
For TM-112 copper-lead:
Add .0008” (.020mm) to low limit and .0004"(.010 mm) to
high limit

PIN BUSHINGS

Resizing:
Light Ream: .007"/.015”
Bore: .015"/.030"
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As you know, every automotive engine part will eventually wear out. And if every part always performed for the
full length of its expected life, your job would be fairly simple. . . to replace parts that have worn. Unfortunately,
we cannot always count on an engine part failing only because its normal lifespan is exceeded. A mechanic
must not only be a “replacer of parts” but, like a doctor, he must be capable of diagnosing his “patient” to deter-
mine why a part failed prematurely. The table below lists the eight major causes of premature engine bearing
failure, along with percentage figures which indicate how often each has been found to be the prime contributor
to a bearing’s destruction. However, it is important to note that in many cases a premature bearing failure is due
to a combination of several of these causes.

MAJOR CAUSES OF PREMATURE BEARING FAILURE

DIt voveeeeeeiiiieeeee e 45.4%
Misassembly .........cccccvvvvvinnnns 12.8%
Misalignment .............cccccvvvnnns 12.6%
Insufficient Lubrication............. 11.4%
Overloading ........cccoeeeeeeeennnnn, 8.1%
COrrOSION .ooevviiiiiieee e 3.7%
Improper Journal Finish............. 3.2%
Other ..o 2.8%

Thus we can reason that if a mechanic merely replaces a damaged bearing in an engine, without determining
the cause of its failure, more than 99% of the time he will be subjecting the replacement bearing to the same
cause that was responsible for the original failure. What this all means is that just as a doctor cannot cure a
patient until he has determined what ails him, so, too, a mechanic cannot correct the cause of premature
bearing failure until he first determines what causes the @e.

The pages of this manual are organized, for your convenience, into four majorisubjects:

Appearance — an illustration and brief description of a bearing that has failed due to a specific cause.
Damaging Action — what actually damaged the bearing under the conditions wﬂgl_l_v;:fresent.

Possible Causes — a listing of those factors capable of creating the particular dama action.
Corrective Action — the action that should be taken to correct the caus i

AW PE

We believe you will find this reference manual easy to read and use, and that it will be very h('ﬂpi‘ull toyou in
properly determining the cause of premature bearing failure.

Engine Bearing Failure & Analysis Guide ii



Ceviegd Quick Reference Index

s

BENT OR TWISTED

NORMAL WEAR ... PAGE 1 CONNECTING ROD .......ccccvvvvviireeeeeee. PAGE 9

FILLET RIDE ... PAGE 10

FOREIGN PARTICLES
ON BEARING BACK

.............. PAGE 11

....................... PAGE 12

iii Engine Bearing Failure & Analysis Guide



OUT-OF-ROUND BORE............cccee.. PAGE 13 HOT SHORT ..oovviiiiiiiiii PAGE 16

SURFACE FATIGUE PAGE 17

OIL STARVATION ....ooviiiiiiiiiiiiiiiiiiiins PAGE 15 ACCELERATED WEAR ......cccccoeee PAGE 19
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Ceviregg Normal Appearance

s

Uniform wear pattern over approximately 2/3 of the bearing’s surface. Wear should diminish near the parting
line ends of the bearing, and the wear pattern should extend uniformly across the bearing in the axial direction.

CRANKSHAFT & ENGINE BEARING INSTALLATION GUIDELINES

1. Check all connecting rod housing bores for taper, 2. Check main bearing bores for alignment, taper,
roundness and size, using a bore gauge or inside roundness and size. Check condition of bolts and
micrometer. Check for parallelism between the large threads.

and small ends of rod. Check condition of bolts and

threads.

3. Make sure that engine block and crankshaft are 4. While installing both connecting rod bearings and
clean, checking oil passageways for hidden dirt and main bearings, check for proper oil clearance, using
debris. Hot water and detergent work best for clean- Clevite 77®Plastigage®*.

ing.

1 Engine Bearing Failure & Analysis Guide



5. With engine block upside down, install the upper 6. Check oil hole alignment to insure proper oil flow.
main halves, making sure bearing backs and bores
are clean and dry.

7. Lubricate all bearings and seal lip surfaces using 8. Place the crankshaft squarely into the main
Clevite 77° Bearing Guard**. Bearing Guard can be bearings and assemble lower main bearings and
used on any internal engine component as an caps. Check to insure proper position.

assembly lube.

9. Pry crankshaft squarely into the main bearings 10. Assemble the connecting rod and piston assem-
and assemble lower main bearings and caps. Check bly to the Crankshaft, Using Clevite 77° Bolt BOOtSi to
to insure proper position. protect crankshaft journals and cylinder walls. Make

sure caps match correct rods, and torque bolts to
proper OE specifications.

11. With crankshaft forced all the way forward in
block, check end clearance between the crankshaft
thrust face and the bearing flange to OE specifica-
tion, using a feeler gauge of proper thickness.

12. Prime engine oiling system before starting engine
to assure operation of oil pump and lubrication
system immediatey upon start-up.

*Part#MPG-1,.001"-.003"; #MPR-1, .002"-.006"; #MPB-1, .004"-.009"; #MPY-1,.009"-.020" « ** Part #2800B2 - 8 oz. bottle; #2800B4 - 1 gal. jug; #2800B5 - 1 1/3 0z. pkg. * 1 Part# 2800B1

Engine Bearing Failure & Analysis Guide



Cevinegd

ENGINE BEARINGS

cse)

APPEARANCE

Foreign particles are embedded in the lining of the bearing. Scratch marks may also be visible on the bearing
surface.

DAMAGINGACTION

: : . : ! - oil i
Dust, dirt, abrasives and/or metallic particles present i ! Bg:g:g e Pa?;fﬂ "
oil supply embed in the soft babbitt bearing lining, displ

ing metal and creating a high-spot.

The high-spot may be large enough to make contact with
the journal causing a rubbing action that can lead to the
eventual breakdown and rupture of the bearing lining.
Foreign particles may embed only partially and the protrud- Bearing  Journal
ing portion may come in contact with the journal and cause

Displaced
Lining Bearing Metal

a grinding wheel action. nir—-i
R

POSSIBLE CAUSES

1. Improper cleaning of the engine and parts prior to assembly!

2. Road dirt and sand entering the engine through the air-intake manifold or faulty air filtrati

3. Wear of other engine parts, resulting in small fragments of these parts entering the engi oil supply.

4. Neglected ol filter and/or air filter replacement.

CORRECTIVEACTION

1. Install new bearings, being careful to follow proper cleaning procedures.

2. Grind journal surfaces if necessary.

3. Recommend that the operator have the ail, air filter, oil filter and crankcase breather-filter replaced as
recommended by the manufacturer.

3 Engine Bearing Failure & Analysis Guide
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APPEARANCE

A localized area of wear can be seen on the bearing surface.
Also, evidence of foreign particle(s) may be visible on the
bearing back or bearing housing directly behind the area of
surface wear.

DAMAGING ACTION

Foreign particles between the bearing and its housing prevent
the entire area of the bearing back from being in.contact with
the housing base. As'a result, the transfer.of heat away from
the bearing surface is not uniform causing localized heating of
the bearing surface which reduces the life of the bearing.

Also, an uneven distribution of the load causes an abnormally
high pressure area on the bearing surface, increasing local-
ized wear on this material.

POSSIBLE CAUSES

Dirt, dust abrasives and/or metallic particles either present in

Foreign Particles
on Bearing Back

Housing

Foreign Particle

Bearing

END VIEW SIDE VIEW

|

the engine at the time of assembly or created by a burr removal operation can become Iodgeh between the

bearing back and bearing housing during engine operation.

CORRECTIVEACTION

1. Install new bearings following proper cleaning and burr removal procedures for all surfaces.
2. Check journal surfaces and if excessive wear is discovered, regrind.

Engine Bearing Failure & Analysis Guide



CLEVITE 77

Misassembly

Engine bearings will not function properly if they are installed wrong. In many cases, misassembly will

result in premature failure of the bearing.

The following are typical assembly errors most often made in the installation of engine bearings.

CORRECT REVERSED

Position of Offset
Connecting Rod Reversed

Bearing Caps in Wrong
or Reversed Position

OIL HOLE
IN BEARING

Bearlng Halves Reversed

Shims Improperly
Installed

Locating Lugs Not Nested

OIL PASSAGE HOLE

IN CRANKCASE 7

OILHOLE
IN BEARING

Bearing Oil Hole
Not Aligned With Oil
Passage Hole

Engine Bearing Failure & Analysis Guide
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APPEARANCE

Excessive wear areas can be seen near the parting lines on
opposite sides of the upper and lower bearing shells.

DAMAGING ACTION

The bearing cap has been shifted, causing one side of \
bearing-half to be pushed against the

journal at the parting line. _

\ | Shifted Cap

The resulting metal-to-metal contact and excessive pressure cause

deterioration of the bearing surface and above normal wear areas. “T,‘.'

T

POSSIBLE CAUSES

1. Using too large a socket to tighten the bearing cap. In this
case, the socket crowds against the cap causing it to shift.
2. Reversing the position of the bearing cap.

3. Inadequate dowel pins between bearing cap and housing (if 3
used), allowing the cap to break away and shift.
e operation.

Socket Interference

4. Improper torquing of cap bolts resulting in a “loose” cap that can shift positions during e
5. Enlarged cap bolt holes or stretched cap bolts, permitting greater than normal play in the bolt holes.

CORRECTIVEACTION

1. Check journal surfaces for excessive wear and regrind if necessary.

2. Install the new bearing being careful to use the correct size socket to tighten the cap and the correct size
dowel pins (if required).

3. Alternate torquing from side to side as to assure proper seating of the cap.

4. Check the bearing cap and make sure it's in its proper position.

5. Use new bolts to assure against overplay within the bolt holes.

Engine Bearing Failure & Analysis Guide 6



Cevitedd Excessive Crush
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APPEARANCE

Extreme wear areas visible along the bearing surface adjacent to one or
both of the parting line.

DAMAGINGACTION

Before the bearing cap is assembled, a small portion of the bearing
extends just a little beyond the edge of the bearing housing. Thus when
the bearing cap is tightened into place, the bearing is forced against the

bearing housing. That portion of the bearing which exte*yond the

housing is called “crush”.

When there is too much crush, however, the additional compressive
force created by the surplus crush that still remains after the hearing is F
fully seated causes the bearing to bulge inward at the parting faces.

bearing distortion is called “side pinch.” e
- -
POSSIBLE CAUSES )
1. The bearing caps were filed down in an attempt to reduce oil clearance. _
2. The bearing caps were assembled too tightly due to excessive torquing. R
3. Not enough shims were utilized (if shims were specified). !
CORRECTIVEACTION U

1. Rework the bearing housing of the engine block if it has been filed down.

2. Replace the connecting rod if its bearing cap has been filed down.

3. Check journal surfaces and regrind if necessary.

4. Install the new bearing and follow proper installation procedures by never filing down bearing caps and using
the recommended torque wrench setting.

Correct the shim thickness (if applicable).

Check for out-of-roundness of the inside diameter of the assembled bearing by means of an out-of-round-
ness gauge, inside micrometer, calipers or prussian blue to assure that any out-of-roundness is within safe
limits. The maximum assembled bearing 1.D. should always be across the split line.

oo

7 Engine Bearing Failure & Analysis Guide
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APPEARANCE

Highly polished areas are visible on the bearing back and/or on the edge T'I
of the parting line. Areas of pock marks or build-up due to metal transfer i =
between bearing and housing. This is commonly referred to as “fretting”.

No Radial Pressure

DAMAGINGACTION i
When a bearing with insufficient crush is assembled in gine, itis
loose and therefore free to work back and forth within its sing.

No Crush
Bearing Free to Move in Housing

Because of the loss of radial pressure, there is inadequate contact with....
the bearing housing, thus impeding heat transfer away from the bea
As a result, the bearing overheats causing deterioration of the beari

—

POSSIBLE CAUSES 'w

Bearing parting faces were filed down in a mistaken attempt to achieve a better fit, thus ing the crush.
Bearing caps were held open by dirt or burrs on the contact surface. R

Insufficient torquing during installation (be certain bolt doesn’t bottom in a blind hole). ¥

The housing bore was oversize or the bearing cap was stretched, thus minimizing the ¢

Too many shims were utilized (if shims are specified).

agrwDdNPRE

CORRECTIVE ACTION

Clean mating surfaces of bearing caps and inspect for nicks and burrs prior to assembly.
Check journal surfaces for excessive wear and regrind if necessary.

Check the size and condition of the housing bore and recondition if necessary.

Correct shim thickness (if applicable).

Install new bearings using correct installation procedures (never file bearing parting faces).

agrwDNDPRE
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APPEARANCE

Excessive wear areas can be seen on opposite ends of the upper and lower connecting rod bearing shells.
The wear is localized on one portion of the bearing surface with little or no wear on the remainder.

DAMAGING ACTION

A bent or twisted connecting rod results in misalignme the bore,
causing the bearing to be cocked so the bearing edge

metal-to-

metal contact with the journal. These metal-to-metal contact areas
cause excessive wear on the bearing surface.

POSSIBLE CAUSES

Three factors can contribute to connecting rod distortion:

1. Extreme operating conditions such as “hot rodding” and “lug-
ging.”

2. Improper reconditioning. See inside front cover.

3. Dropping or abusing the connecting rod prior to assembly.

CORRECTIVEACTION

1. Inspect connecting rod and recondition or replace if bent or
twisted.

2. Check journal surfaces for excessive wear and regrind if neces-
sary.

3. Install bearing.

4. Avoid dropping or abusing the connecting rod prior to assembly.

5. Use proper installation techniques.

6. Check related upper cylinder parts and replace if necessary.

L‘--—-

Bent or Twisted
Connecting Rod

Rubking

Pressure
Areas

Engine Bearing Failure & Analysis Guide
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APPEARANCE

When fillet ride has caused a bearing to falil,
areas of excessive wear are visible on the
extreme edges of the bearing surface.

DAMAGINGACTION

If the radius of the fillet at the corner where the journal blends into the crank is larger than required, it is possible
for the edge of the engine bearing to make metal-to-metal*¢ontact and ride on‘“tlhis oversize fillet.
¥

This metal-to-metal contact between the bearing and fillet causes excessive weatr, leading to premature bearing

POSSIBLE CAUSES A
Fillet ride results if excessive fillets are left at the edges of the journal f“*'""“w 2
at the time of crankshaft machining. F 7 1[

CORRECTIVEACTION ———

. . ] ' J IS
1. Regrind the crankshaft paying particular attention to allowable .?E.ZI: |

|

fillet radii. NOTE: Be careful not to reduce fillet radius too much, Q !

since this can weaken the crankshaft at its most critical point. " l

2. Install new bearings with enlarged chamfers that allow proper
fillet clearance.

Engine Bearing Failure & Analysis Guide 10
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Distorted Crankcase

APPEARANCE ,,ﬁ

A wear pattern is visible on the upﬁer or lower halves of the complete set of main bearings. The degree of wear
varies from bearing to bearing depending upon the nature of the distortion. The center bearing usually shows
the greatest wear.

A distorted crankcase imposes excessive loads on the gs, with the point of greatest load being at the
point of greatest distortion. These excessive bearing lo ause excessive béfiring wear. Also, oil clearance is
reduced and metal-to-metal contact is possible at the point of greatest distortion.

DAMAGING ACTION ﬁ
ad

POSSIBLE CAUSES E--E_-.\m
Alternating periods of engine heating and cooling during operation is a prime cal kcase distortion. As

the engine heats the crankcase expands, and as it cools, the crankcase contr itive expanding
and contracting causes the crankcase to distort over time in some situations.

Distortion may also be caused by:
® Extreme operating conditions (for example “overheating” and “lugging”)
® Improper torquing procedure for cylinder head bolts, particularly with overhead valve V-8

CORRECTIVE ACTION

1. Determine if distortion exists by use of Prussian blue or visual methods.
2. Align bore the housing (if applicable).
3. Install new bearings.

n Engine Bearing Failure & Analysis Guide



Cevinegd Bent Crankshaft
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d,

APPEARANCE ’
A wear pattern is visible on the upper and lower halves of the complete set of main bearings. The degree of
wear varies from bearing to bearing depending upon the nature of the distortion. The center bearing usually
shows the greatest wear.

DAMAGING ACTION

A distorted crankshaft subjects the main bearings to ex |
sive loads, with the greatest load being at the point of greatest
distortion. The result is excessive bearing wear. Also, the oil *,
clearance spaces between journals and bearings are re- i
duced, making.it possible for metal-to-metal contact to occur

at the point of greatest distortion.

POSSIBLE CAUSES

A crankshaft is usually distorted due to extreme operating
conditions, such as “over-speeding” and “lugging”. It may also
be caused by improper handling prior to installation. J

CORRECTIVE ACTION

1. Determine if distortion exists by means of prussian blue or visual methods.
2. Install a new or reconditioned crankshaft.
3. Install new bearings.

Engine Bearing Failure & Analysis Guide 12



Ceviregd Out-of-Round Bore

[/NA

APPEARANCE

Localized excessive wear areas are visible near the parting line on
both top and bottom shells.

DAMAGING ACTION

Oil clearance near the parting line is decreased to suc xtent that
metal-to-metal contact between bearing and journal tak ce,
resulting in areas of above-normal wear.

Also, improper seating between the bearing back and the housing’ -
bore may be present which hinders proper heat transfer causing
localized heating of the bearing surface and thus reducing fatigue = .|
endurance.

POSSIBLE CAUSES

Alternating loading and flexing of the connecting rod can cause the
bearing housing to become elongated. And because replacement

bearing shells, when installed, tend to conform to the shape of the
bearing housing, this can result in an out-of-round bearing surface.

CORRECTIVE ACTION

1. Check the roundness of bearing housings before installing the new bearings. If they.are found to be out-of-
round, recondition the bearing housings (or replace connecting rod).

2. Check the journal surfaces for excessive wear and regrind if necessary.

3. Install new bearings.

13 Engine Bearing Failure & Analysis Guide
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Out-of-Shape Journal

APPEARANCE

In general, if a bearing has failed because of an out-of-shape journal, an uneven wear pattern is visible on the
bearing surface. Specifically, however, these wear areas can be in any one of three patterns: Photo A above
shows the wear pattern caused by a tapered journal. Photo B shows the wear pattern caused by an hour-

glass shaped journal. Photo C shows the pattern of a barrel shaped journal.
i

DAMAGING ACTION

An out-of-shape journal imposes an uneven distribution of .e load on the bea.r'ing surface, increasing heat
generated and thus accelerating bearing wear. An out-of-shape journal also affects the bearing’s oil clearance,

making it insufficient in some areas and excessive in others, .

thereby upsetting the proper functioning of the lubrication system. d

POSSIBLE CAUSES

If the journal is tapered there are two possible causes: TaPER SeurE

1. Uneven wear of the journal during operation (misaligned rod). Out-of-Shape Journal

2. Improper machining of the journal at some previous time. 7}—)&

If the journal is hour-glass or barrel shaped, this is usually the &—‘ns

result of improper machining or polishing. MOLR GLASS SHAPE
Qut-of-Shape Journai

CORRECTIVEACTION 7‘[’*’&

Regrinding the crankshaft can best remedy out-of-shape journal /4 BN

problems. Then install new bearings in accordance with proper /“'*"\

installation procedures. Out-of-Shape Joural
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Cevitegd Oil Starvation
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r Bearing j
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Journal
Proper Oil Film Oil Starvation

APPEARANCE

When a bearing has failed due to oil starvation, its surface is usually very shiny. In addition, there may be
excessive wear of the bearing surface due to the wiping action of the journal. In the most severe cases the
bearing surface will be smeared or scratched and torn. The bearing will begin to turn dark blue to black in color.

DAMAGING ACTION -
The absence of a sufficient oil film between the bearing'%‘e- journal permits metal-to-metal contact. The
resulting wiping action causes premature bearing fatigue. !

POSSIBLE CAUSES

1. Insufficient oil clearance — usually the result of utilizing a repIacenh"fUEﬁ" reat a wall
thickness. In some cases, the journal may be oversize. =

2. Broken or plugged oil passages, prohibiting proper oil flow. '-'

3. Ablocked oil suction screen or oil filter. i--l.ﬂ"'

4. A malfunctioning oilpump or pressure relief valve. i

5. Misassembling main bearings metering off an oil hole. '

6. Lubrication system not primed before start up.

CORRECTIVE ACTION ‘

1. Double-check all measurements taken during the bearing selection procedure to catch any errors in calcu-
lation. (During assembly check oil clearance with Plastigage®.)

Check to be sure that the replacement bearing you are about to install is the correct one for the application.
Check the journals for damage and regrind if necessary.

Check engine for possible blockage of oil passages, oil suction screen and oil filter.

Check the operation of the oil pump and pressure relief valve.

Be sure that the oil holes are properly indexed when installing the replacement bearings.

Advise the operator about the results of engine lugging.

Always prime the lubrication system before the engine is started the first time.

©ONOoO A WN
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Ceviredd Hot Short
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APPEARANCE

Bearing surface wiped and torn, blackened from heat, with patches of lining material torn cleanly from steel
backing.

POSSIBLE CAUSES

Breakdown of lubrication and resulting high friction
Lead in bearing material melts and allows shaft to t
Lack of lubrication.

Wiping. |
Dirt contamination. '
Concentrated loading (misalignment, etc)

es operating temperature.
ay patches of bearing lining.

oukwdE

CORRECTIVE ACTION

A hot short is a catastrophic failure that results from one of the conditions alrea
correct this it must first be determined which specific condition lead to the hot short. For furth
see:

1. Foreign Particles in Lining (Page 3)

2. Foreign Particles on Bearing Back (Page 4)
3. Out-of-Round Bore (Page 13)

4. Excessive Crush (Page 7)

5. Bent or Twisted Connecting Rod (Page 9)
6. Shifted Bearing Cap (Page 6)
7
8
0.
1

Distorted Crankcase (Page 11)
Bent Crankshaft (Page 12)
Oil Starvation (Page 15)

0. Misassembly (Page 5)
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c@éiﬁl"?l Surface Fatigue

[N

APPEARANCE

Bearing surface cracked, small irregular areas of surface material
missing from the bearing lining.

Babbitt
Bond Line

Steel Back

DAMAGING ACTION

Heavy pulsating loads imposed upon the bearing by reci ating
motion within the engine cause the bearing surface to c ue to
metal fatigue.

Fatigue cracks
appear in surface
of bearing.

Fatigue cracks
widen and deepen
3, perpendicular to
the bond line.

Fatigue cracks widen.and deepen perpendicular to the bond line. Close- .
to the bond line, fatigue cracks turn and run parallel to the bond line, 'ir-—
eventually joining and causing pieces of the surface to flake out. .|

Close to the bond
line the fatigue
cracks turn and

sy run parallel to the

5> bond line, eventually
Joining, causing

POSSIBLE CAUSES e
1. Overloading (lugging, detonation, or overfueling).
2. Uneven loading (see sections on misalignment). i

3. Bearing material of inadequate fatigue strength for application. ]

“- 2

Bearing failure due to surface fatigue can be the result of the normal life span of the bear g ex-
ceeded.
o

CORRECTIVE ACTION

1. If the service life for the old bearing was adequate, replace with the same type of bearing to obtain a similar
service life.

If the service life of the old bearing was too short, replace with a heavier duty bearing to obtain a longer life.
Replace all other bearings (main connecting rod and camshaft) as their remaining service life may be short.
Recommend that the operator avoid “hot rodding” and “lugging” as these tend to shorten bearing life.

Check for misassembly. Use proper installation techniques.

akrwbd
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Cevitedd Corrosion
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APPEARANCE

Bearing surface darkened, spongy, etched by chemical attack.

DAMAGINGACTION

This is usually the result of contamination of the oil from

er the fuel system or internal engine leaks. This

condition is further pronounced when there is poor rou intenance.

POSSIBLE CAUSES

CORRECTIVEACTION
1.

2.
3.
4

oUW E

Acids in oil.

Excessive operating temperature.
Excessive blow-by. —
Coolant contamination of oil.

Use of high sulfur fuel.

Excessive oil change interval.

Identify and correct source of contamination.
Install new bearings using correct installation procedures.
Use a better quality fuel, if possible.

Oil should be changed at recommended intervals using the proper grade and rating. In some applications oil
analysis may be needed to determine the optimum oil change intervals.
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ENGINE BEARINGS

Cieviregd
[NCAR )

Accelerated Wear

APPEARANCE

Wall thickness reduced from original dimension. Bearing surface worn and polished but not smeared, torn or
scored. No evidence of heat, no embedded foreign particles.

DAMAGING ACTION

Grinding and polishing the crankshaft journals produc
Not only is it important that the surface finish meet reco ded average Ra or better, butit is also important
to always grind opposite to rotation and polish in the direc of rotation. Otherwise it is possible for these
microscopic burrs to disrupt the oil film and abrade away the'bearing surface.
» & e

.

POSSIBLE CAUSES T

1. Poor journal surface finish.

2. Wear in the presence of adequate lubrication to prevent heat build-up and\ aks in the
journal surface finish profile which penetrate the oil film and abrade the bearing.

CORRECTIVEACTION T —

1. Check journal surface finish for proper average Ra and regrind as needed.
2. If surface finish is acceptable lightly re-pelish in the direction of rotation.
3. Install new bearings. " .

that are so small that we can’t ﬂ?ee or feel them.
t
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CLevITE 77 Crankshaft Grinding
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Officially Li censed

Crankshaft journal surfaces should be ground and
polished to a surface finish of 15 micro inches rough-
ness average Ra or better. Journals on highly loaded
crankshafts such as diesel engines or high perfor-
mance racing engines require a finish of 10 micro
inches Ra or better.

The above is a simple straight forward specification
which can be measured with special equipment.
However, there is more to generating a ground and
polished surface than just meeting the roughness
specification. To prevent rapid, premature wear of the
crankshaft bearings and to aid in the formation of an
oil film, journal surfaces must be ground opposite to
engine rotation and polished in the direction of rotation.
This recommendation can cause a great deal of
confusion in actual execution. Understanding the
reasons behind the recommendation and examination
of the following illustrations will help make the recom-
mendation more clear.

Metal removal tends to raise burrs. This is true of
nearly all metal removal processes. Different pro-
cesses create different types of burrs. Grinding and
polishing produces burrs that are so small that we
can’t see or feel them but they are there and can
damage bearings if the shaft surface is not generated
in the proper way. Rather than “burrs,” let’s call what
results from grinding and polishing “microseopic fuzz.”
This better describes what is left by these processes.
This microscopic fuzz has a grain or lay to it like the
hair on a dog’s back. Figure 1 is an illustration depict-
ing the lay of this fuzz on a journal. (Note: All figures

Fuzz

Figure 1
Journal illustrating fuzz from grinding and polishing.

Engine Bearing Failure & Analysis Guide

And Polishing

are viewed from nose end of crankshaft.) The direc-
tion in which a grinding wheel or polishing belt passes
over the journal surface will determine the lay of the
micro fuzz.

In order to remove this fuzz from the surface, each
successive operation should pass over the journal in
the opposite direction so that the fuzz will be bent over
backward and removed. Polishing in the same direc-
tion as grinding would not effectively remove this fuzz
because it would merely lay down and then spring up
again. Polishing must, therefore, be done opposite to
grinding in order to improve the surface.

In order to arrive at how a shaft should be ground and
polished, we must first determine the desired end
result and then work backwards to establish how to
achieve it. Figure 2 depicts a shaft turning in a bearing
viewed from the front of a normal clockwise rotating
engine. The desired condition is a journal with any
fuzz left by the polishing operation oriented so it will lay
down as the shaft passes over the bearing (Figure 2).

& Bearing

Figure 2
Journal rotating in bearing with the grain of the fuzz.

The analogy to the shaft passing oﬁ bearing is
like petting a dog from head to tail. ft polished in
the opposite direction produces abrasion to the bear-
ing which would be like petting a dog from tail to head.
To generate a surface lay like that shown in Figure 2,

the polishing belt must pass over the shaft surface as
shown in Figure 3.

The direction of shaft rotation during polishing is not
critical if a motorized belt type polisher is used be-

20



Figure 3
Direction polishing belt should pass over journal
and grain of fuzz which results.

cause the belt runs much faster than the shatft. If a
nutcracker-type polisher is used, then proper shaft
rotation must be observed (Figure 4). Stock removal
during polishing must not exceed .0002” on the diam-
eter.

Figure 4
Directon of shaft rotation and resulting lay of fuzz
generated with nutcracker-type polisher,

Having determined the desired surface lay from
polishing, we must next establish the proper direction
for grinding to produce a surface lay opposite to that
resulting from polishing. Figure 5 shows the grinding
wheel and shaft directions of rotation and surface lay
for grinding when viewed from the front or nose end of
the crankshaft. This orientation will be achieved by
chucking the flywheel flange at the left side of the
grinder (in the headstock). Achieving the best possible
surface finish during grinding will reduce the stock
removal necessary during polishing.

The surface lay generated by grinding would cause

abrasion to the bearing surfaces if left unpolished. By
polishing in the direction shown in either Figure 3 or 4,

21

the surface lay is reversed by the polishing operation
removing fuzz created by grinding and leaving a
surface lay which will not abrade the bearing surface.

Nodular cast iron shafts are particularly difficult to
grind and polish because of the structure of the iron.

Grinding Wheel

Figure 5
Directions of shaft and grinding wheel rotation and
lay of fuzz which results.

Nodular iron gets its name from the nodular form of
the graphite in this material. Grinding opens graphite
nodules located at the surface of the journal leaving
gged edges which will damage a bearing. Polishing
Qﬁwe proper direction will remove the ragged edges
m these open nodules.

All of the above is based on normal clockwise engine
rotation when viewed from the front of the engine. For

crankshafts‘ﬂvhich | rotate counterc ise, such as
some marine engines shaft should be
chucked at its opposi grinding and

polishing. This is the same as viewing the crank from
the flanged end rather than the nose end in the ac-

companying figures.

-
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CLEVITE 77 Premature Thrust
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Bearing Failure

BACKGROUND

Although thrust bearings run on a thin film of oil, just like radial journal (connecting rod and main) bearings, they
cannot support nearly as much load. While radial bearings can carry loads measured in thousands of pounds
per square inch of projected bearing area, thrust bearings can only support loads of a few hundred psi. Radial
journal bearings develop their higher load capacity from the way the curved surfaces of the bearing and journal
meet to form a wedge. Shaft rotation pulls oil into this wedge shaped area of the clearance space to create an
oil film, which actually supports the shaft. Thrust bearings typically consist of two flat mating surfaces with no
natural wedge shape in the clearance space to promote the formation of an oil film to support the load.

Conventional thrust bearings are made by incorporating flanges at the ends of a radial journal bearing. This pro-
vides ease in assembly and this design has been used successfully for many years. Either tear-drop or through
grooves on the flange faces and wedge shaped ramps at each parting line allow oil to enter between the shaft and
bearing surfaces. However, the vast majority of the bearing surfaces and the entire shaft surface are flat making it
much harder to create and maintain an oil film. If you have ever taken two gauge blocks and wiped them perfectly
clean and pressed them together with a twisting action you know that they will stick together. This is very much like
what happens as a thrust load applied to the end of a crankshaft squeezes the oil out from between the shaft and
bearing surfaces. If the load is too great, the oil film collapses and the surfaces want to stick together, resulting in
a wiping failure.

For many years some heavy-duty diesel engines have used separate thrust washers with a profiled face to enable
them to support higher thrust loads. These thrust washers either have multiple tapered ramps and relatively small
flat pads or have curved surfaces that follow a sine wave contour around their circumference.

CAUSES OF FAILURE

Aside from the obvious causes, such as dirt contamina and misassembly, there are only three common
factors that generally cause thrust bearing failures. These are:

® Poor crankshaft surface finish
® Misalignment

® External overloading g _"""-.“
SURFACE FINISH

Crankshatft thrust faces are difficult to grind because they are done using the S|de of the grlnblng wheel. Grinding
marks left on the crankshaft face produce a visual swirl or sunburst pattern with scratches sometimes criss-
crossing one another in a crosshatch pattern similar to hone marks on a cylinder wall. If these grinding marks are
not completely removed by polishing, they will remove the oil film from the surface of the thrust bearlng much like
multiple windshield wiper blades. :'_ip-

-
A properly finished crankshatft thrust face should only have very fine polishing marks that go around the thrust
surface in a circumferential pattern. A surface finish of 15 Ra or less is recommended (10 Ra or less for heavy
duty or highly loaded engines).

ALIGNMENT

The grinding wheel side face must be dressed periodically to provide a clean, sharp cutting surface. A grinding
wheel that does not cut cleanly may create hot spots on the work piece leading to a wavy, out-of-flat surface. The
side of the wheel must also be dressed at exactly 90° to its OD to produce a thrust face that is square to the axis
of the main bearing journal.
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When assembling thrust bearings:

Tighten main cap bolts to approximately 10 to 15 ft. Ibs. to seat bearings then loosen.

Tap main cap toward rear of engine with a soft-faced hammer.

Tighten main cap bolts, finger tight.

Using a bar, force the crankshatft as far forward in the block as possible to align bearing rear thrust faces.
While holding shaft in forward position, tighten main cap bolts to 10 to 15 ft Ibs.

Complete tightening main cap bolts to specifications in 2 or 3 equal steps.

ogkwDNE

The above procedure should align the bearing thrust faces with the crankshaft to maximize the amount of bearing
area in contact for load carrying.

LOADING

A number of factors may contribute to wear and overloading of a thrust bearing, such as (in no specific order):

Excessive pump pressure

Torque converter expansion

Torque converter internal wear

Pump drive gear installed backwards

Wrong torque converter

Wrong flex plate

Wrong flywheel bolts

Misalignment of the engine and the major transmission components
Improper throw out bearing adjustment

Riding the clutch pedal Q

DIAGNOSING PROBLEMS

By the time a thrust bearing failure becomes evident, the parts have usually-been so severely damaged that there

is little if any evidence of the cause. The bearing is generally worn.into the steel backin ich has severely worn
the crankshatt thrust face as well. So how do you tell what happened? -

Start by looking for the most obvious internal sources: “ ;

23

Is there evidence of distress anywhere else in the engine that would indicate a lubrication problem or
foreign particle contamination?

Were the proper bearing shells installed correctly? 4 .

If the thrust bearing is.in.an end position, was the adjacent oil seal correctly insta@n incorrectly
installed rope seal can cause sufficient heat to disrupt bearing lubrication. -

Examine the un-failed thrust face on the crankshaft for surface finish and geometry. This may give an
indication of the original quality of the failed face.

Once you are satisfied that all potential internal sources have been eliminated; ask about potential external
sources of either overloading or misalignment.

Did the vehicle have a prior thrust bearing failure?

What external parts were replaced?

Was the correct transmission installed?

Was the correct torque converter installed?

Engine Bearing Failure & Analysis Guide



® \Was the correct flex plate used? At installation there should be a minimum of 1/16” (1/8” preferred) clear-
ance between the flex plate and converter to allow for converter expansion.

Were the correct flex plate mounting bolts used?
Is there evidence of the converter hitting the flex plate mounting bolts?

Was the transmission properly aligned to the engine?

Were all dowel pins in place?

Check condition of pilot bearing.

If a used torque converter was re-used, is it worn internally?

If a rebuilt transmission was installed, did the torque converter engage the pump drive spline properly? An
improperly installed pump drive gear may prevent full engagement of the converter.

Was the transmission pump pressure checked and found to be within specification?

Check external transmission cooling lines and heat exchanger for restrictions that will increase pump
pressure.

® |f a manual transmission was installed, was the throw out bearing properly adjusted?

® \What condition was the throw out bearing found to be in? A properly adjusted throw out bearing that is worn
or overheated may indicate the operator was “Riding the Clutch”.

HELP FOR THE THRUST BEARING

When a problem application is encountered, every effort should be made to find the cause of distress and correct
it before completing repairs or you risk a repeat failure.

A simple modification to the upper thrust bearing may helpin problem applications. Install the upper thrust bearing
in the block to determine which thrust face is toward the r$of the engine.

Using a small, fine tooth, flat file, increase the chamfer on the ID edge of the bearing parting line from the oil groove
to the rear thrust face only. (See diagram.) This enlarged 1D chamfer will allow pressurized oil from the bearing oil
groove to reach the loaded thrust face without passing through the bearings clearance first. Since there is
a load against the rear thrust face, the load should restrict oil flow and there should not Eza:ﬁ.aﬁceable loss in ol
pressure. Although this modification is not a guaranteed cure-all it should help-if fier conditions, such as
surface finish, alignment, cleanliness and loading are within rea-
sonable limits.

RECENT DEVELOPMENTS

In the past few years some new automotive engine designs have

begun using various methods to enable them to carry higher thrust : J
loads imposed by some of the newer automatic transmissions. The OF BLOCK
use of thrust washers exclusively, a combination of thrust washers

and flange bearings, radial grooving (a series of 3 - 5 straight grooves
on the flange face), flange bearings with profiled (ramp and pad design) flange faces, or assembled flanges
(separate thrust washers which are mechanically attached to the bearing). It is important to keep in mind that
most of these developments are application specific and may not be available or even feasible for older applica-
tions.
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Ceviredd Crankshaft Thrust Faces

SEVERE USE RECOMMENDATION

Crankshaft surface finish and shape are key factors affecting the performance of all bearings. These factors
become even more critical for thrust surfaces. As in any bearing, increased loading reduces oil film thickness
between shaft and bearing surfaces. This is a much more critical situation in thrust bearings due to their flat
faces which make formation of an oil film extremely difficult. Radial bearings (those which carry loads in a radial
direction like rod and main bearings) form a natural wedge where shaft and bearing surfaces come together in
the clearance space. Shaft rotation pulls a wedge of oil into the loaded area of the bearing and forms an oil film
that supports the load.

Thrust faces, on the other hand, are made up of two flat surfaces that do not form a natural wedge where they
meet. In order to help form an oil film, artificial wedge shaped areas are machined into the bearing surfaces at
the ends and sometimes adjacent to the grooves. In spite of all the common design efforts, thrust bearings still
run on a much thinner film of oil that makes crankshaft surface finish critical in the successful performance of
these bearings.

Recent samples of thrust face surface finish on crankshafts from blown fuel “Hemi” engines have confirmed
that better finishes resulted in a reduced rate of bearing distress. The study also showed that when no damage
occurred, the crankshaft surface finish was improved after running. The surface finishes of 12 crankshafts
were measured (7 new and 5 used). The new shafts ranged from a high of 30 Ra to a low of 5 Ra. The used
shafts had a very similar range from 31Ra to 4 Ra. Although this represents only a small sampling, it does
demonstrate a correlation between surface finish and performance when the condition of mating bearing
surfaces was evaluated. Prior to these measurements, race experience had shown no problems on a crank-
shaft with a thrust-face Ra of 6 and DID show problem crankshafts when the Ra was over 20!

Obtaining a good finish on the thrust face of a crankshaf difficult to do because it uses side-wheel grinding.
Side grinding causes marks that spiral outward toward the QD of the thrust face and may also cause cross-
hatch marks resembling honing patterns. Both patterns are detrimental to the formation of an oil film because

they work like wipers as the shaft rotates. Grinding marks must be removed. lishing. Only a circular
pattern should remain. Surface finish should be checked in atangential st be held to
10 Ra max. The thrust surface should be flat within .0002” max. _—

AVOID - SWIRL PATTERN AVOID - CROSSHATCH PATTERN
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CLevITE 77 Preventing Premature
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Cam Bearing Failure

For many years, nearly all camshaft bearings were manufactured with a lining of babbitt. Babbitt is a soft
slippery material made up primarily of lead and tin and is quite similar to solder. As a bearing surface layer,
babbitt possesses the desirable properties necessary to survive under adverse conditions such as foreign
particle contamination, misalignment and marginal lubrication on start up.

The trend in modern engines has been toward higher operating temperatures and higher valvetrain loads. Babbitt
is limited in its ability to survive under these conditions due to its relatively low strength. When babbitt cam bear-
ings are installed under these demanding conditions, the lining may extrude or fatigue. Fatigue can be identified by
craters in the bearing surface where sections of lining material have flaked out.

To meet the demands of higher loads and operating temperatures in modern engines as well as the requirements
imposed by high performance, babbitt has been replaced by an alloy of aluminum. This aluminum alloy is much
stronger than babbitt and will withstand several times the load. However, this added strength is obtained at the
expense of some of the more forgiving properties of babbitt. The aluminum alloy is harder, making it somewhat
less compatible with dirt, misalignment and marginal lubrication. This is typical of the compromises or trade offs
that are frequently necessary when selecting a bearing material to suit the requirements of a specific application
and in this case, higher loading.

Typically, whenever a higher level of loading is encountered, greater precision is required to maintain reliability.
Conditions such as cleanliness, alignment, clearances, journal surface finishes and lubrication must all be con-
trolled more closely. Following are some recommendations to help optimize performance when using aluminum
alloy camshaft bearings.

Sufficient clearance is necessary in the initial installation. These stronger bearings will not wear in rapidly to make
their own clearance like softer babbitt materials. Minimum €learance should be .002” for stock engines and .003”
for high performance. Optimum clearance range for hlgh%ormance applications is .003” to .004”. Because of
the stack up of tolerances on the block, shaft and bearing"itis impossible to control clearance to this range in the
manufacture of the bearing alone. Clearances must be measured at installation.

Honing the ID’s of cam bearings to increase clearance is not recommended because hone grit may become
embedded in bearing surfaces that will cause shaft wear. Bearing ID’s may be reamed, most practical
means is to adjust camshaft journal diameters by grinding the journal. Even if not ground to provide additional
clearance, camshaft bearing journals should be polished to the proper surface fin.icihcamshaft rotating in
the same direction it will rotate in the engine. 5
Like clearance, alignment is also extremely important especially for high performance applications. Any block that
has needed to have its main bearing bore alignment corrected due to distortion is likely to have experienced cam
bearing bore distortion as well. Adequate clearance can help compensate for minor misalig nt of less than
.001".

Installation of bearings into the block must be done with care to avoid shaving metal off the backs of the bearings.
This galling action may cause a build-up of metal between the bearing OD and the housing bore which will result
in a reduction in clearance. To prevent galling, check housing bores for a proper 25 to 30 degree lead-in chamfer
before installing cam bearings. On blocks without grooves behind the cam bearings, care must be taken to insure
that oil holes line up between the bearings and block. Where the block has a groove behind the bearing, the
bearing should be installed with the oil hole at the 2 o’clock position when viewed from the front for normal clock-
wise camshatft rotation. This will introduce oil into the clearance space outside of the loaded area and allow shaft
rotation to build an oil film ahead of the load.
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