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INTRODUCTION

OE Quality Total Confidence

Rebuilding an engine requires tremendous skill and hard work. To protect this
investment, professional rebuilders rely on the Expert Brands. Federal-Mogul
Motorparts' industry-leading range of OE-quality replacement engine parts
includes not only Glyco® bearings and bushings, but also the globally respected
and proven AE’ brand of valvetrain and camtrain; Goetze® for piston rings and
cylinder liners; the Niral® brand of pistons and cylinder assembly kits; and

ENGINEERED IN
Payen’ branded gaskets, oil seals and headbolts. This exclusive portfolio of
GERMANY y J P

"Expert Brands" provides the OE quality and total confidence preferred by
today's engine rebuilding community.

Widest range

Glyco is the world's largest bearing manufacturer with a range of over

2,450 parts, covering more than 5,000 engines. Glyco bearings, established

in Germany in 1897, have become a top choice in the industry through a
combination of leading technology and product reliability. Our Aftermarket parts
are manufactured in line with the OE product quality.

Market-leading technology

Our bearings are able to meet extreme demands in terms of withstanding

loads and providing long life. The durability of Glyco Sputter Bearings®
SPUTTER (Glyco-199) means enhanced service life compared to conventional bearings.

BEARINGS Glyco G-188 is the first “intelligent” bearing material - soft during the running-

in phase, and hard throughout the rest of its life-time. Glyco was also the

first to create fully lead-free materials like Glyco A370° and is 100% ready

for the EU End of Life Directive (2000/53/EC) - well ahead of its foreseen

implementation in 2011.

Pinetown, part of our bearings program
Federal-Mogul Motorparts's engine bearing and valve plant just north of
Durban in South Africa was established in 1962 and is the only bearing and
valve manufacturer in South Africa. The plant offers a range of over 5,500
bearing references.

WORLD-CLASS PRODUCTS
The Pinetown plant’s bearing product range includes premium quality conrod

and main bearings, thrust washers and washers for both cars and trucks.
The plant has a long pedigree in OEM supply, with customers such as Deutz,
Mercedes-Benz, Perkins, Ford and VW.

4 BEARINGS TECHNICAL MANUAL
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GLYCO HISTORY

\
IROX
2 O 1 O T Federal-Mogul Powertrain

releases the IROX™
bearing shell.

Glycoe® introduces the RVD® process, Rapid
Vapor Deposition Lead- free Sputter®

Technology. Glyco® achieves the goal to be 2
100% ready for the EU End of Life Directive T O O 8
(2000/53/EC), well ahead of its foreseen
implementation in 2011.

Federal-Mogul Powertrain launches
of a full portfolio of lead-free
bearing materials for light vehicle

I and heavy duty industry.

Glyco introduces G-188,
the first “intelligent”
bearing material.

8.2003

® FEDERAL
MOGUL

1 9 9 O Federal-Mogul acquires Glyco® and
T becomes the world's largest manufacturer

of engine bearings.

The Glyco Sputtere® 1 9 8 2
bearing is introduced.

Glyco-Metall GmbH .
1 8 9 7 T is founded in Germany. @' ﬁl.“m o

& 6LYCO s

17-13752 PRMGY1801-EN Glyco technical manual v06.indd 5 @ 06/11/2018 13:18



1 FUNDAMENTALS

Installation of bearings

In an internal combustion engine there are certain sites
where components move against each other. At these sites
friction can lead to wear and damage of the components
involved. To avoid these effects bearings are employed.

A bearing has the job of transmitting power, of reducing
friction and of preventing wear on expensive engine parts.
On top of this, bearings should be both economical and
quick and easy to replace in case of damage.

Types of bearings

In an engine, the most important bearing sites are found
at the crankshaft and camshaft.

The crankshaft is held in the crankcase by the main
bearings (Figure 1). At one end, the connecting rods are
linked by bearings of the crankshaft. At the other end the
connecting rods are linked by the connecting rod bush
to the piston pins (Figure 2). The crankshaft is held in
either the crankcase or the cylinder head by camshaft half
bearings or camshaft bushes.

Engineers distinguish between different kinds of bearings in
various ways. On one hand, we can divide them up, on the
basis of the nature of the power transmitted. In this case,
we distinguish between radial and axial bearings. On the
other hand, we may distinguish on their design. Then we
distinguish between anti-friction bearings (e.g. ball or roller
bearings) and sliding bearings.

In four stroke engines, predominantly sliding bearings are
used as radial bearings. Radial bearings are produced
either in form of divisible half shells or as bushes. The
axial bedding of the crankshaft and the camshaft is done
by trust washers or flanged bearings.

6 BEARINGS TECHNICAL MANUAL
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Strengths & weaknesses

of engine bearings

For internal combustion engines, sliding engine bearings
offer a number of advantages over anti-friction bearings.
One principle advantage of sliding bearings is that it can be
divided in half shells. For this reason, a sliding bearing can,
in contrast to a roller bearing, be mounted on a crankshaft.
Sliding bearings of the same dimensions as anti-friction
bearings can bear higher loads. Additionally, they are less
sensitive to shock loads. As a consequence, sliding bearings
have a longer lifetime and they generate less noise.

In comparison to roller bearings, sliding bearings have a
smaller volume and less mass. Therefore, their production
is more economical.

A disadvantage of sliding engine bearings is that they
produce greater friction than anti-friction bearings at low
revs. This drawback is most significant when starting up an
engine, when sliding engine bearings cause both boundary
friction and mixed friction, leading to greater wear to
components than they suffer when the engine is running.
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[FIG.1] ENGINE ELEMENTS
CONNECTED WITH THE BEARINGS
[1] main bearing cap

[2] main cap bearing bolts

[3] main bearings

[4] con rod bearing crank pin

[5] main bearing crank pin
[6] crankshaft
[7] engine block
[8] cylinder bores

[FIG.2] ELEMENTS OF
A CONNECTING ROD
[1] connecting rod

[2] con rod bolt

[3] con rod cap

[4] con rod bearings
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2 DESIGN FEATURES
~ OF A SLIDING BEARING

SHELL

FOR HOLDING THE CRANKSHAFT AND THE CONNECTING RODS, SLIDING BEARINGS, CONSISTING OF
TWO HALF SHELLS ARE USED. AXIALLY, CRANKSHAFT AND CAMSHAFT ARE HELD IN PLACE BY FLANGED
BEARINGS OR TRUST WASHERS. CON ROD BEARINGS ARE GUIDED BY THE CRANK WEBS.

Basic measurements

& terminology

The main external dimensions of smooth and flanged
bearing shells are shown in Figures 3-5, which also show
the drilled oil ways and grooves. These design features
are discussed in greater detail in the chapter on the
lubrication. Apart from this dimensions, there are further
features characteristics of the bearing half shell.

Locating lug

The locating lug is the most apparent of these features.

It ensures that the bearing shell is installed in its correct
position within the case (Figure 6). Ensuring the correct
positioning of the bearing in the housing is the only
function of the locating lug. Specifically, it does not
safeguard the bearing shell against torsion/twisting inside
the case. This is prevented by interference fit, as a result
of the ‘crush height’, which is discussed below.

8 BEARINGS TECHNICAL MANUAL
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The locating lug may be designed either as a conventional
locating lug or a coined locating lug (Figure 7). Today,
both variants are employed in mass production by many
reputable manufacturers.

Unlike the conventional lug, the coined lug leaves the

sliding surface unaltered. This offers a small advantage with
diagonally-arranged connecting rod bearings, since with this
arrangement a coined lug does not disrupt the oil flow.
Bearings in more modern engines often do not have a
locating lug any more. This requires special care while
positioning the bearing inside the housing. The locating
lug is not used because it is expensive. The case needs a
recess to put in the locating lug. It is more cost effective
to produce the case without the recess. Apart from its
dimensions and the locating lug, the bearing shell has
three further construction features which are not apparent
to the naked eye: the excess length, the free spread
diameter and crush relief.

[FIG.7]
[A] The conventional locating lug is

produced by punching and in some cases
milling of the inner shape of the locating lug.
[B] A coined locating lug is produced by
means of an upsetting in one single pass.
This type of a locating lug is used by most of
the important OE manufacturers today.
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locating lug

\ [,_. parting face

recess
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[FIG.3] DIMENSIONS AND CHARACTERISTICS
OF AN ENGINE BEARING
[1] outer diameter

2] bearing length

3] wall thickness

4] sliding surface

5] oil bore

6] length of locating lug

7] width of locating lug

8] depth of locating lug

9] lug relief

10] partial oil groove

11] bearing back

[FIG.4] CHARACTERISTICS OF AN ASSEMBLED
FLANGE BEARING

[1] length

[2] flange distance
[3] flange wall thickness
[4] stress reduction relieves
[5] joint relief of thrust face

[6] locating lug

[7] joint relief of thrust face

[8] oil bore

[9] oil groove

[10] joint relief of sliding surface

[FIG.5]
characteristics of an assembled flange bearing.
for dimensions see fig. 4.

[FIG.6]

The only purpose of the locating lug of a bearing is to avoid
the bearing being assembled in an incorrect position into the
housing. The housing bore has a recess in which the locating
lug fits. The locating lug does not prevent the bearing from
turning in the housing.

& GLYCO o
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Crush height

The external circumference of a half shell is longer than
the internal circumference of the closed housing bore.
This difference is called the crush height (Figure 8).

When the con rod bolts or the main cap bolts are tightened,
the bearings are compressed elastically. By this means,
the bearings adapt to the inner diameter of the much less
elastic housing bore. The elastic compression creates a
pressfit between bearing and housing bore that keeps the
bearing in its position while the engine works.

&

Bearing shell

Bearing cap

parting face parting face

| free spread parting face 4

10 BEARINGS TECHNICAL MANUAL
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Free spread diameter

The free spread diameter (Figure 9) is the difference
between the external distance between the two ends of
the bearing shell (i.e., the parting faces) and the inner
diameter of the housing bore. The free spread diameter

is between 0.5 and 1.5 mm for passenger car and truck
bearings. It causes that the bearing shell remains in
contact with the case wall around its entire circumference.
Said contact must be ensured as otherwise the crank
pins and the bearing shell could come into contact in the
region of the parting faces. This contact would take off the
oil film and lead to wear and bearing damage.

The contact between the bearing and case must be
ensured for a second reason. When the oil flows through the
lubrication gap, the friction between the oil molecules heats
the oil. The heat is partially transferred through the bearing
shell into the case. A good contact between the bearing
shell and the case is necessary for sufficient heat transfer.
A helpful side effect of the free spread diameter is that it
retains the bearing shell in its housing during assembly.

[FIG.8]

The crush height increases the outer diameter of the bearing
pair so that it is larger than the inner diameter of the housing
bore. the crush height is compressed by the con rod bolts or
the main bearing cap bolt. This compression of the bearing
creates a pressfit which prevents the bearing pair from turning
and moving inside the housing bore.

[FIG.9]

Large areas of the surfaces of the bearing back and the
housing bore have to be in contact for two reasons. on the
one hand,a good contact guarantees a good transport of heat
created by the friction inside the bearing. On the other hand,
a good contact minimises the risk of a direct contact between
the surfaces of the bearing and the crankshaft journal. The
distance between the two parting lines is larger than the
inner diameter of the housing bore. A consequence of this
dimensional difference is a good contact between the two
surfaces of bearing back and housing bore.
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Crush relief

During the assembly of a bearing there may be misalignment
between the bearing cover and the case, and in some cases
this misalignment may cause the bearing shell and crank
pins to come into contact, leading to wear and bearing
damage (Figure 10, see also “crush height"). To avoid this
harmful effect the bearing shell's wall is thinner underneath
the area of the parting faces (Figure 11). This area, with a
reduced wall thickness, is known as the crush relief.

Wall thickness

The wall thickness is measured in the crown of the
bearing. It is constant in case of a cylindrical bearing,
with the exception of the crush relief. The tolerance for
fluctuations of the wall thickness is very little. It amounts
to about 3 ym in axial direction and about 6 pm in
circumferential direction.

In case of eccentric bearings, the wall thickness is also
measured in the crown of the bearing. The wall thickness
is reduced from the crown towards the parting faces,

up to the start of the crush relief area, normally by up

to 20 pm. The extent of this tapering depends on the
construction of the housing bore.

17-13752 PRMGY1801-EN Glyco technical manual v06.indd 11

Undersize bearings

For an overhaul of the engine, there are several
undersizes with wall thicknesses increased to suit the
reduced diameter of the crankshaft journal. The external
diameter of an undersize bearing is the same as that

of a bearing of standard dimensions. As the crankshaft
diameter is reduced, the wall thickness will be greater.
The dimensions of the undersize bearing are related to
the reduced diameter of the crankshaft.

For instance, undersize 0.50 mm means that the bearing
shells’ wall thickness is 0.25 mm greater than in a
standard bearing.

-]
®

[FIG.10]

When upper and lower shells of a bearing pair are misaligned,
the inner diameter of the bearing is partially too small.

This means that also the bearing clearance is partially

too small. In extreme cases, the surfaces of bearing and
crankshaft journal touch. This leads to a failure of the bearing
after a short running time.

misalignment of bearing shells
diameter too small
diameter too large

[FIG.11]

Combustion and inertia forces deform the big con rod

eyes cyclically to an oval shape. Due to the oval shape

the clearance between bearing and crankshaft journal is
decreased in the area of the parting lines. A smaller clearance
increases the risk of a contact between the surfaces of these
two elements. To avoid a direct contact, some bearings have a
thinner wall in the area of the parting lines (crush relief).

& 6LYCO
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3 BUSHES &

~ THRUST WASHERS

APART FROM (HALF) SHELLS, TWO OTHER FORMS OF ENGINE BEARINGS EMPLOYED IN INTERNAL
COMBUSTION ENGINES ARE THE BUSH AND THE THRUST WASHER.

Jobs

Bushes are used in the small con rod eye, with camshafts
and in some cases at the ends of the crankshaft. Thrust
washers are used to control the crankshaft float in the
engine block in the axial direction.

Design

Solid & Clip on flanged bearings are also used instead of
thrust washers. This is basically a combination of a plain
shell with the thrust washer attached (clip on) or, a solid
shell where the plain bearing and flange is formed from
one piece of material.

A bush's external diameter is greater than the internal
diameter of the case boring. Similar to the excess length
of a bearing shell, this difference generates a force fit,
which retains the bush in the boring.

Stresses

Connecting rod bushes used to be cylindrical. During
power transmission between the piston and the piston
pins, this design leads to high pressures on the area of
the piston boss. The stress resulting from these pressures
can cause cracks. To reduce these stresses the bearing
surface between the piston and piston pin is enlarged and
accordingly the small connecting rod eye and connecting
rod bush are today often tapered in design (Figure 14).
The specific stresses are considerably greater in a
connecting rod bush than in the connecting rod bearing.
To counteract these greater stresses the connecting rod
bush and the piston pins must have less play than the
connecting rod bearing. Accordingly, the internal diameter
of connecting rod bushes is bored down to the desired
dimensions only after pressing into the connecting rod eye.

12 BEARINGS TECHNICAL MANUAL
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[FIG.12] DIMENSIONS AND
CHARACTERISTICS OF A SMALL END BUSH

[1] outer diameter [FIG.13] DIMENSIONS AND
[2] inner diameter CHARACTERISTICS

[3] oil groove OF A THRUST WASHER
[4] length [1] wall thickness

[5] oil bore [2] sliding surface

[6] joint [3] lubricating groove

[7] clinch [4] locating lug

[7]

[2]

(3]

(4]

[FIG.14] [b] The small con rod eye for this piston has a conical shape.
[a] The small con rod eye for this piston has a cylindrical The conical shape increases the load carrying surface of the
shape which is the traditional shape for piston and con rod. con rod bush and the piston pin. At the same time, the rigidity

of the piston is strengthened. Due to the larger load carrying
surface there is less pressure on con rod bush and piston pin.
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4 CRANK PINS

CONSTRUCTING AN EFFICIENT AND DURABLE BEARING IS NOT JUST A MATTER OF OPTIMALLY DESIGNED
BEARING SHELLS. THE CRANK PINS ALSO PLAY A VITAL ROLE, SINCE ANY DEPARTURE FROM THE
PERMISSIBLE GEOMETRY CAN LEAD TO BEARING DAMAGE.

AXxial shape error Radial shape error

Axial shape error in crank pins may involve either conical, Radial shape error occurs when there is vibration

convex or concave deviations (Figure 15). Degrees of between the tool and the crank pin during its working.
permissible shape deviation fall within preset limits which Figure 16 shows examples of possible radial shape errors.
depend on the diameter and width of the crank pin. Degrees of permissible shape deviation depend on the
Table 1 shows an example involving a pin with a nominal type of deviation involved and also the minimum oil film
diameter of 50 mm. thickness. The minimum oil film thickness depends on the

load carry on the bearing.

[TABLE 1]

DIAMETER TOLERANCE CLASS: h6 Example for D=50 mm:
Dmin = 49.984
Dmax = 50.000

CONICITY: (Taper shape) Length of Crank Pin Max.Tapershape b-a (see fig.15) in um
<25 mm 3um
25to 50 mm 5pum
> 50 mm 5um

CONVEX/CONCAVE DEVIATION Max. 50% of allowed taper shape

TOLERANCE:

ROUNDNESS ERROR: Max. 25% of allowed taper shape (Roundness Error of 1st Order only)

) il il

L Pl P!

conical convex concave

[FIG.15]

Form errors of the crankshaft journal in axial direction

as conical, convex and concave deviations from the ideal
cylindrical shape. Practically all crankshaft journals deviate
from the ideal cylindrical shape. the decisive question is the
difference between the largest and the smallest diameter

a and b. Examples for maximum admissible form errors are
given in table 1.

14 BEARINGS TECHNICAL MANUAL
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2nd order 3rd order

1st order

surface roughness

Alongside axial and radial shape errors, surface quality is
a further important property of a crank pin. High surface
quality leads to minimal wear to the pin and its bearing.
Table 2 shows some guidelines for surface roughness
parameters Ra and Rz.

[TABLE 2]

a) HEAVY LOAD BEARINGS
(especially diesel engines) (> 45 wv= )

Ra Max. 0.2 pm
Rz Max. 0.8 pm
B) STANDARD LOAD BEARINGS (< 45 w7 )
Ra Max. 0.4 ym
Rz Max. 1.5 pM

surface of

crankshaft )

journal ., graphite

lid inclusions

[fig.17] surface of crankshaft ‘lid’ graphite inclusions

Sketch of a magnified cross sec-tional view of a crankshaft
journal made of nodular graphite iron. the hatched areas
represent inclusions of graphite in the iron matrice. graphite
inclusions are cut when the crankshaft journal is regrinded.
The cutting tool smears iron over the inclusion so that the
inclusion is covered partially or totally by a lid. Such lids can
be dangerous for the engine. The cyclic load on the bearing
can make the lids vibrate and break. If the lids break, they can
damage the bearing as dirt particles.

17-13752 PRMGY1801-EN Glyco technical manual v06.indd 15

4th order 5th order 6th order

[FIG.16]

Typical form errors of crankshaft journals in radial direction
from the ideal round shape. The illustration shows deviations
from first to sixth order. Such form errors are created when it
comes to harmonic vibrations between the grinding wheel and
the turning crankshaft.

NCI crankshafts

Today crankshafts are manufactured either of steel or
nodular cast iron (NCI). NCI contains graphite inclusions
(so-called graphite nodules) which improve the material's
elasticity. When working NCI pins one special characteristic
must be taken into account.

When a nodular cast iron pin is reground you will cut into
the graphite inserts, and ‘'smearing’ of the material during
the cutting process leads to the formation of ‘lids’ which
cover the graphite inserts. Thus, although the surface has
a smooth external appearance, stresses on the lids while
the engine is running can cause them to break off, leading
to bearing damage (see Figures 17 & 18). The formation
of lids must be avoided at all costs. This can be done in
two ways. Firstly, the formation of lids can be minimised
by the use of CBN (cubic crystalline boron nitride) strips.
Secondly, after grinding the shaft can be gas nitrated

and polished. Gas nitrated lids are more brittle and snap
off more readily during polishing. It should be noted

that grinding and polishing should be done in opposing
directions, with polishing taking place in the engine's
direction of rotation.

[fig.18]

300 times magnified view of the surface of a crankshaft
journal made of nodular graphite iron after grinding. One can
clearly see the lids explained in figure 17.

& 6LYCO s
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BEARING

O

CLEARANCE

BEARING CLEARANCE IS DEFINED AS THE DIFFERENCE BETWEEN THE EXTERNAL DIAMETER OF THE
CRANKSHAFT AND THE INTERNAL DIAMETER OF THE INSTALLED BEARING (FIGURE 19).

Factors influencing

bearing clearance

The bearing clearance depends upon three factors:

the component’s dimensional tolerance, the wear to
the bearing during operation and the properties of the
materials making up the component.

The materials of crankshaft, bearings and housing have
different coefficients of thermal expansion. These different
coefficients can influence significantly the bearing
clearance at high and low

temperatures. The pressfit of a bearing normally also
results in a minor widening of the housing bore.

Size and tolerances

of bearing clearance

The bearing clearance tolerance is determined from the
sum of the tolerances of the individual parts. Typical
values for the tolerances in the case of a car engine

are 19 um for the case boring, 19 um for the crankshaft

Precision made simple
EASY AND ACCURATE BEARING CLEARANCE CHECK
Glyco's plastigage measuring strip:

« Available in 3 clearance ranges

- Suitable for both metric and imperial applications

« Packed by 12

"

TSPGI STD: 0.025 to 0.76 mm
SPR1STD: 0.051to 0.152 mm
SPB1STD: 0.102 to 0.229 mm

16
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diameter and 10 um for the bearing wall thickness. In a
car the minimum clearance of 20 pm for the connecting
rod bearing and 25 um for the main bearing must also be
allowed for.

This yields clearance of between 20 and 78 pm for the
connecting rod bearing and 25 - 83 pm for the main
bearing. Figure 20 compares the minimum clearance for
a car connecting rod bearing with the width of a human
hair. This brings home the point that even very fine
particles of dirt in an engine bearing can cause damage.

Consequences of bearing
clearance for the engine

The amount of bearing clearance has consequences for
the engine's operation. If the clearance is minimal there is
good conformability between the bearing and crankshaft
journal. This conformability is a result of material that

is worn in some parts of the bearing in the order of
magnitude of ums. This process leads to less local stress

HOW TO USE
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Di+AD

on the sliding layer, a better absorption of shock loads

and less wear. The smaller clearance also reduces the

engine noise.

A disadvantage of having little bearing clearance is that

less oil can flow through the smaller lubrication gap.

This means that bearing cooling is poorer than when the

clearance is greater.

To improve cooling of the bearings, larger clearances are

used. An example is motor sports engines. Their larger

clearances lead to significantly shorter lifetimes. This is

less of an issue as motor sports engines are overhauled

after each race.

The influence of oil
temperature on bearing
clearance

If the case and the shaft are made of the same material,

components will expand evenly as the oil temperature

rises. In this case bearing clearance remains unaltered as

the oil temperature rises.
However, the situation is different if, for example,

the case is made of aluminium and the shaft of steel

(Figure 21). Aluminium expands more than steel with

[FIG.19]

the bearing clearance is the difference between the inner
diameter of the bearing assembled into the housing and the
outer diameter of the crankshaft journal. the diameters of
housingbore and crankshaft journal as well as the wall thickness
ofthe bearing have to be within certain tolerances. these toleran-
ces are indicated on the drawings of these components. the total
of the maximum permitted tolerances results in the maximum

of the bearing clearance. for example, minimum wall thickness
combined with largest housing bore and smallest crankshaft
journal diameter result in the maximum bearing clearance.
maximum wall thickness combined with smallest housing bore
and largest crankshaft journal result in the minimum bearing
clearance. the normal minimum bearing clearance is 20 ym for
con rod bearings and 25 pm for main bearings.

CLEARANCE: C = Di + AD - 2w - dw
TOLERANCE: Tol. C = Tol. Di + 2 x Tol. w + Tol. dw

increasing temperature, so in this case the clearance
will rise as temperature increases. Furthermore, the
pressfit will decrease. This effect can be compensated
by an increased crush height, which has already to be
considered during the development of the engine.

At extremely low temperatures the clearance may even
fall to zero, making it impossible to start the engine.

[FIG.20]
Comparison between a human hair and the minimum
permitted clearance of a con rod bearing of 20 pm.

200+
[pm]
o
g 150 _
< Engine block made
< of Aluminium
o 100;
£ con rod made
- of titanium
@ 501 7 Tl
./ T T T T \i‘\l‘\ -
-20 0 20 50 100 150°C

Bearing temperature

REDUCED LOADING CAPACITY
REDUCED ABSORBING OF IMPACT LOAD
INCREASED DEMAND FOR OIL
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@ RISK OF JOURNAL SEIZING

[FIG.21]

The bearing clearance is constant with rising oil temperature

if housing and crankshaft are made of the same material. The
situation changes when different materials are used. the reason
is that different materials have different thermal expansion
coefficients. the diagram shows two examples for crankshafts
made of steel. If the engine block is made of aluminium, the
clearance increases with rising oil temperatures (continuous
line). If the con rod is made of titanium (e.g. in race engines), the
clearance decreases with rising oil temperature (broken line).
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© OIL FILM

Functions of the oil film

While the engine is running, an oil film develops and is
maintained between the bearings and the crank pins.
This oil film has two functions.

The oil film's principal function is to separate the bearing
from the crank pins. This reduces friction and avoids
wear on expensive parts. The thickness of the lubricating
film is determined by four factors: the load on the
bearing, the sliding speed, the lubricant oil’s viscosity
and the bearing play.

The oil film's second function is to cool the bearing

and the crank pins. As they flow through the narrow
lubrication gap, the oil molecules rub against each other,
and this friction heats the oil, the bearings and the crank
pins. Most of the heat generated must then be drawn

off by the oil film itself. The rest of the heat generated

is conducted through the crankshaft and through the
bearing shell into the engine case or the con rod. The heat
generated must then be drawn off by the oil film itself.

In modern engines the bulk of the oil flow is required for
bearing cooling, relatively little oil would be needed for
actual lubrication.

Lubricating

the engine’'s bearings

To supply the various bearings with oil, an engine is
equipped with a widely branched oil pipe system. First
the oil is sucked out of the oil sump and pumped through
an oil filter. Then it passes through borings in the engine
block via the boring and grooves in the main bearing’s
upper shell to the main bearing crankshaft journal.

The oil pressure in the main bearing transports a lot of
this oil through borings in the crankshaft further to the
con rod bearing (Figure 22). In engines with high loads,
the oil pressure in the con rod bearing pumps a part of
this oil through a boring in the con rod to the small con
rod eye (Figure 23). The small con rod eye may also be
lubricated by oil dripping down from the pistons. In this
case the oil passes through a boring on the upper side of
the con rod eye to the con rod bush/piston pin bearing.
Apart from the oil borings, the bearing shells and bushes
are often also fitted with oil grooves. These oil grooves
should help to ensure that the lubricant oil is distributed
evenly over the bearing. They also help to transport the
oil through borings in the crankshaft journal to further
lubricating points.

The con rod bushes and piston pins perform a pendulum
motion relative to each other, and this motion does not
promote the oil distribution as much as the rotating
movement in the main and con rod bearings. Accordingly,
to improve lubricant oil distribution con rod bushes may

be fitted with oil grooves of generous proportions.

18 BEARINGS TECHNICAL MANUAL
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[FIG.22]

Crankshaft journal with oil pipes shown in broken lines. The oil
pressure in the main bearings pumps the oil through these oil
pipes to the con rod bearings.

con rod bearing crank pin

main bearing crank pin o
9 P oil drills

[FIG.23]

This illustration shows the oil pipe in a con rod in a broken line.

The oil pressure in the con rod bearing pumps the oil through

this pipe to the piston pin bush in the small con rod eye. piston pin

crank webs

\

drilled oil way / .
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longitudinal view

[FIG.24] HYDRODYNAMIC LUBRICATION

bearing shell
oil supply
oil flow

oil film

cross section view

principle of the hydrodynamic lubrication: the crankshaft journal is shown in blue, the bearing in red and the bearing
clearance in yellow. We assume that the crankshaft journal is loaded with a constant force f. There is friction between the
surface and the oil and friction inside the oil. Due to the friction, the turning crankshaft tears oil in between the surfaces
of bearing and crankshaft. By means of this effect an oil film is created. The oil film separates the surfaces of bearing and
crankshaft journal. The oil film becomes thicker when a) the crankshaft turns faster, b) the clearance is reduced, c) an oil
with higher viscosity is used and d) the load on the bearing is reduced.

The physics of lubrication

One of the oil film's functions is to separate the bearings
from the crank pins. When discussing lubrication we
distinguish between two physical effects: hydrodynamic
lubrication, which is caused by rotation and hydrostatic
damping, which cushions shock load. In an internal
combustion engine the two effects overlap.

Hydronamic lubrication

Figure 24 explains the principle of hydrodynamic
lubrication. A shaft on which a force is acting is rotating
in its bearing. The bearing is supplied with oil from above
via the oil borings. Through friction the shaft draws oil
through the lubrication gap and creates the oil film. The
oil film produces an even distribution of pressure that
separates the shaft from the bearing. However, the oil is
not only drawn through the lubrication gap but also flows
laterally out of the bearing.

20 BEARINGS TECHNICAL MANUAL
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Hydrostatic damping

The principle of hydrostatic damping is illustrated in
Figure 25. In the case shown, the shaft and pins are
separated from each other by the oil film. A periodic
load is suddenly imposed from above, for instance via
the ignition of the combustion of the fuel-air mix in the
combustion chamber. This periodic force displaces the
oil, driving it in all directions out of the lubrication gap
between shaft and bearing. The greater the oil's viscosity,
the greater the resistance to this displacement process,
and resistance to it increases greatly as the thickness
of the lubricant film decreases. The oil's resistance to
displacement thus prevents the shaft and bearing from
coming into contact during the imposition of a periodic
load of brief duration.

Both combustion forces and inertial forces are acting on
the shaft. These forces ensure that the crank pins describe
a complex displacement path within the bearing (Figure
26). The minimum lubrication film thickness, i.e., the smallest
gap between crank pins and bearings, occurs during the
combustion process. Calculations have shown that this gap
can be less than one micrometer.
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[FIG.25] HYDROSTATIC DAMPING

principle of the hydrostatic damping: we assume that the crankshaft stands still and that there is an oil film between crankshaft
journal and bearing. We also assume that the crankshaft journal is loaded with a force f for a short period of time. This force f
moves the crankshaft journal towards the bearing. The viscosity of the oil creates a resistance to this movement. The oil between
journal and bearing is displaced. The resistance increases when the oil film becomes thinner. For example, if the initial oil film
thickness is halved, the resistance increases by the factor 8. This means that even very thin oil films create a sufficient resistance
against shock forces. Such shock forces appear when the fuel in the combustion chamber is ignited.

Dirt problems

[FIG.26] . . e .
Comibreiien amel inerin frees meve i eranlkehEt The effectiveness of a typical paper oil filter is charted
journal inside the bearing. The illustration shows a in Figure 27. Contaminant particles with diameters

typical journal orbit of a crankshaft journal in a con rod
bearing (bearing-fixed view). The distance between
the surfaces of bearing and crankshaft journal is high probability of passing the oil filter once. However,
indicated as ¥ at ¥ = 0, the crankshaft journal is in the
middle of the bearing, at ¥ = 1, crankshaft journal and - o ) o
bearing touch each other. As can be seen, the smallest probability that it will be intercepted by the oil filter, and
distances appear in the upper shell of the bearing for in our example a particle 5 um in diameter will only be
a relatively long way of the journal orbit. This explains
why the wear is higher in the upper shell than in the
lower shell of a con rod bearing. Thus most of the smallest contaminant particles will not

greater than 25 um will be filtered out of the oil with a

the smaller the contaminant particle, the lower the

intercepted in a relatively low number of all cases.

be stopped by the oil filter. However, they are capable of
damaging bearings and crank pins. This consideration
makes clear the importance of ensuring absolute cleanliness
when overhauling an engine.
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[FIG.27]
Efficiency of a typical paper oil filter depending of the size of
the dirt particles in the oil when the oil passes the filter once.
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7 MATERIALS
~ FOR SLIDING BEARINGS

Requirements for bearing
materials

A wide variety of demands are placed on engine bearings,
and the materials they are made of must combine the
properties of hard and soft materials.

Wear caused by metallic friction can occur when

starting up an engine, when coasting and also under
high operating load. During running, the bearing must
withstand cyclic loads imposed by combustion and
inertial forces. The continual exertion and releasing of the
load can lead to fatigue in the bearing materials.
Accordingly, materials for engine bearings should have
high resistance to wear and fatigue, properties provided
best by hard materials.

However, after installation the bearing must adapt to the
unevenness of the crank pin surface. The material should
be able to bed in any contaminant particles that were
not eliminated by the oil filter. Furthermore, the material
should not be corrosive and must have good emergency
running properties, and all these properties are offered
best by soft materials.

Apart from these features, a bearing material must also
be highly resistant to corrosive components in the oil and
must permit economic production.

Structure of bearing
materials

Composite materials offer the best chance of combining
this range of contradictory requirements.

Current composite materials generally have a steel
spine as a basis. This basis gives the bearing shell or the
bushing the necessary durability. During the production
of the strip, this steel spine is coated with a layer of
comparatively thin and soft bearing materials.

This layer gives the bearing the necessary capability

to carry high loads, increases the emergency running
properties and enables the bedding-in of dirt particles.
A further layer can increase the adaptation, embedding
and emergency running properties more. This layer is
produced after the bearing shell has been formed out of

the strip. Means are electroplating or other processes (e.g.

PVC Sputtering).

Figure 28 shows how the fatigue resistance of a bearing’s
layer depends on the thickness of the layer, increasing

as the layer becomes thinner. By applying thin layers, the
fatigue resistance of soft materials can be increased.

Dynamic load carrying capacity N/mm?2
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Thickness of the sliding layer (mm)

0,001

[FIG.28]

PbSn10Cu4 is a typical material for the sliding layer of a
copper-lead bearing. The diagram shows that the load
carrying capability of this material depends of the thickness
of the layer. The load carrying capability increases when the
layer becomes thinner. The load carrying capability is a rate
for the resistance against fatigue. the combustion and inertia
forces press the crankshaft journal cyclically against the
bearing. The load on the bearing increases and decreases
cyclically. If the cyclical load is too high, the material tires and
breaks after a certain time. The load carrying capability is the
maximum cyclical load that a material can stand permanently.

22
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Types of bearing materials

In the early days of sliding bearing development, white
metals were used for bearings. They contained lead and
tin as base materials as well as cadmium or antimony as
alloy materials.

Today, however, two different types of materials are used
most often. Composite materials of two and three layers
have established themselves through practical experience
(Figure 29).

A two-layer (bi-metal) bearing is composed of a steel
back and a bearing metal layer. This layer of bearing metal
in modern bearings is a combination of aluminium, tin and
some alloy materials like copper, anitmony or nickel. In
the market, there are also combinations of aluminium with
lead and tin. To achieve the desired material properties,
various materials are combined and treated chemically or
thermically.

A three-layer or tri-metal bearing also uses a supporting
steel back plus a bearing metal layer. This layer of bearing
metal is generally made of leaded bronze. Like the tin

and aluminium layer, it is between 0.2 and 0.3 mm thick.
Higher performance bearings are made from either cast
or sintered copper lead/ leaded bronze. High to ultra high
performances are catered for by varying the combination
of elements that go into the materials, and by applying
different overlay compositions as follows.

This leaded bronze layer is then coated with an additional
sliding layer made of a material still softer than leaded
bronze and between 10 and 30 ym thick.

In some cases the sliding layer and the bearing material
are separated from each other by an intervening layer
whose purpose is to prevent atoms from the bearing
metal diffusing into the sliding layer. Diffusion processes
can detract from the properties of the sliding layer.

17-13752 PRMGY1801-EN Glyco technical manual v06.indd 23

5 steel back

2 layer version

tin-aluminium layer

3 layer version

7 steel back

lining material (bronze)

sliding layer

[FIG.29]

Conventional bearings are composed of two or three
layers. The basis is always a back of steel. Either a layer
of tin and aluminium or a layer of lead-bronze is bonded
onto the steel back. The lead-bronze layer is plated with
another layer. In the case of conventional bearings, this
top layer is mainly composed of lead and tin.
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8 TECHNOLOGIES IN

GLYCO IROX® Bearings®

Glyco IROX® polymer-coated bearing shells address the
lubrication challenges associated with heavily boosted
engines and with the frequent engine restarts, typical

for hybrids and start-stop powertrains. In the most
demanding applications, IROX® polymer-coated bearings
can help increase the life of crankshaft and bearing shells
by more than five times. IROX® technology also reduces
friction by up to 50% compared to conventional bearings,
cutting CO, emissions, improving fuel economy and
releasing more power.

The drive for improved engine efficiency puts increased
demands on crankshaft bearings. Engine designers are
reducing friction by using smaller bearings and bringing
down the oil film thickness. Yet increased power outputs
mean that bearings must withstand substantially higher
loads. The challenge is compounded by the rapidly

increasing specification of hybrids and start-stop systems.

When an engine is not running, the crankshaft journals
get into contact with the bearing shells, which can cause
significant wear during restart.

— BEARING MATERIALS

Glyco’'s IROX® technology

This technology addresses this challenge by coating the
metal bearing shell with an overlay of PAI (PolyAmidelmide)
polymer resin. The properties of this material are further
enhanced by a carefully developed range of additives

that provide additional resistance to wear, further reduce
friction and increase the layer's mechanical strength and
embedability of loose particles.

Tests have indicated that typical bearings with aluminium
or bronze overlays show significant wear after 100,000
start-stop cycles, where in the same tests the IROX®
bearings show only minimal wear at the target 300,000
cycles required by modern start-stop engines. The IROX®
bearings also reduce friction by almost 50% compared with
conventional bearings under mixed lubrication conditions.

IROX® bearings are straightforward replacements that
help to maintain the original performance and durability of
modern engines. Like all newly-developed Glyco bearings,
they are lead-free and compatible with the latest end-of-
life vehicle requirements.

|NO) Q.

Solid Lubricants
Hard Particles
Resin

Substrate
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Bearing shells lined with the A-650 Al alloy substrate
after endurance testing on a rig with 80 MPa for 250 h
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Stop-start engines

Stop-start technology has been a popular technique for
reducing tailpipe emissions in congested environments.
The system reduces fuel consumption and emissions by
up to 12%. However, this green trend also added extra
strain on the ICE. And as these vehicles are now getting
older, their specific aftermarket needs are becoming
apparent. Due to the stop-start characteristics inherent

GLYCO-199 technology:

GLYCO Sputter Bearings’

In recent years engine technology has achieved major
increases in performance. This is evident in the development
of diesel engines for cars and commercial vehicles, where
over the past ten years the average performance per litre
of cubic capacity has increased from 34 kW/I to 63 kW/I,
leading to increased loads on engine bearings.

One of the main requirements of a sliding engine bearing
is that it has sufficient load-bearing capacity. This is
calculated from the mean combustion pressure, the
piston’s cross-sectional area and the cross-sectional area
of the bearing shell.

There is an increase in the specific loads on main and
con rod bearings for car and commercial vehicle engines
from 1965 to 2000. In some cases the specific load-
withstanding capacity has more than doubled during the
period in question.

Only Glyco Sputter Bearings’ Glyco-199 are able to meet
the extreme demands imposed by these engines, in terms
of withstanding loads and providing long life.

Dirt and geometric inaccuracies in the crankshaft cause
boundary friction, which in turn leads to local heating

[FIG.30]
GLYCO-199 SPUTTERING
PHYSICAL PRINCIPLE

VACUUM CHAMBER

Argon Gas lons
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SUBSTRATE CARRIER

in their system, bearings experience irregular load
requirements and lubricant supply.

To help sustain the lifecycle of stop-start equipped vehicles,
Federal-Mogul has developed several bearing innovations
for the aftermarket. Glyco's IROX Coating Technology not
only makes these bearings perform better, it prevents them
from failing in even the most demanding situations.

and bearing damage. Thus the bearing’s specific load-
withstanding capacity falls with increasing sliding speed
(i.e., increasing engine rpm). Conversely, the lubricant film
thickness (and with it the bearing's load-withstanding
capacity) falls with decreasing sliding speed. If the
lubricant film thickness is about the same as the height
of roughness peaks, mixed friction will result, and the
consequent frictional heat also reduces the bearing’s
load-withstanding capacity and lifetime.

THE PROCESS

In response to the ever-increasing demands placed by the
engine on engine bearing technology, Glyco factories were
breaking new ground as early as 1970. A new production
process was developed by Glyco following years of
research work. This process made possible to combine
the high wear-resistance of an aluminium-tin sliding layer
with the extremely high load-withstanding capacity of a
cast copper lead bearing metal layer. Glyco created the
most durable material for engine bearings known today!
A modified cathode Sputtering process of Physical Vapor
Deposition (PVD) provided the coating technology needed to
make the desired combinations of layers possible (Figure 30).

HIGH VOLTAGE

CATHODE

MAGNETRON
TARGET

Metal Atoms (Target)

ANODE
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CA.16 UM

0.2-0.3 MM

In Sputtering, a dispenser cathode of an aluminium-

tin alloy is bombarded by argon plasma, causing the
aluminium and tin atoms to deposit as lining on the
specially prepared engine bearings. The Physical Vapor
Deposition (PVD) process produces an exceptionally
even alloy matrix, offering outstanding resistance to
wear and to very high loads. The structure of Glyco
Sputter Bearings® makes the reasons for their high
performance clear. The bond between the die-cast
leaded bronze bearing metal layer and the sliding surface
is strengthened by an intermediate layer of pure nickel,
which is circa 2 ym thick (Figure 31).

3" SPUTTER LAYER
'd OF TIN & ALUMINIUM

NICKEL
INTER-L AYER

CuPb22Sn
LEAD-BRONZE LAYER

[FIG.31]
Nickel prevents the diffusion of atoms between
the Lead-bronze and the Sputter

Commercial vehicle engines fitted with Glyco Sputter
Bearings” achieve lifetimes of one million km, and engine
manufacturers are now working to increase this to one
million miles.

Computer-controlled processes incorporating high
cleanliness and precision standards lead to uniform high
quality in mass production. Under extreme loads, even
minimal discrepancies can be detrimental to the bearing’s
reliable functioning - therefore 100% fault-free production
is essential.

REPAIR AND RUNNING TIPS FOR

GLYCO SPUTTER BEARINGS®

The hardness of the Sputter layer gives the bearing
extremely high wear resistance and high fatigue
resistance. The Sputtered AISn20 layer is sensitive to the
contamination of the lubricant oil with particles, water

or alkaline elements, the last of which can get into the
engine oil via anti-freeze in the coolant water.

To ensure that engine repairs are carried out correctly,
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these Glyco Sputter Bearings' characteristics must be
taken into account. Under high loads the oil film thickness
decreases, so that even very small contaminant particles
can penetrate it. On the other hand, the hard Sputter layer's
high wear resistance means that it adapts more slowly to the
unevenness of the crankshaft's surface.

As a consequence, the crankpins and the housing bores
must be in optimum condition in terms of geometry and
surface roughness.

During running the loads can cause the housing bore to
deform. The original bearing can adapt to this deformation
during running, but when new bearings are installed the
reduced play in the deformation zones can lead to the
destruction of the lubrication film. For these reasons the
housing bores must also be carefully finished.

In comparison to conventional surfaces, the increased
surface hardness of the layers of the Glyco Sputter
Bearings’ reduces the capacity to bed-in contaminant
particles. Accordingly, Glyco Sputter Bearings” are, as a
rule, composed of a bearing shell with a Sputter layer plus
a bearing shell with a softer running surface.

The Sputter shell is fitted in areas exposed to high loads,
while the softer shell is used in the vicinity of the engine
bearing, which is subject to lower load. The softer half of
the bearing shell is more able than the Sputter layer to
absorb the contaminant particles contained in the oil.
This engineering solution has proved best in practice.
Nevertheless, the careful cleaning of all engine parts and
the lubrication system and also the utmost cleanliness
when repairing and assembling the engine are vital
prerequisites for successful maintenance. Any residual
dirt must be removed by rinsing the stationary engine
before the engine is started for the first time.

Where the maximum permissible engine rpm is "max, the
following running-in programme has been established:

STEP 1 1 MIN 13 "mMAX
STEP 2 1 MIN 174 "MAX
STEP 3 1 MIN 175 "MAX
STEP 4 1 MIN 13 "MAX

During running-in, the engine performance should not
exceed15 to 20% of maximum load.
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LEAD-FREE BUSHES &
BEARINGS

NEW LEGISLATION REQUIREMENTS

Every year, end of life vehicles generate between 8 and
9 million tones of waste in the European Union which
should be managed correctly. In 1997, the European
Commission adopted a Proposal for a Directive which
aims at making vehicle dismantling and recycling more
environmentally friendly, sets clear quantified targets

for reuse, recycling and recovery of vehicles and their
components and pushes producers to manufacture new
vehicles also with a view to their recyclability.

The legislation covering the use of lead was officially
adopted in September 2000 and thousands of automotive
businesses - from vehicle manufacturers to engine
rebuilders - are impacted by the European Union's End
of Life Directive (2000/53/EC) that bans lead. The law,
which came into effect on 1st July 2003, initially provided
an indefinite exemption of bearings used in engine,
transmission and drive train systems. This exemption was
later amended and is now expected to end in 2011.

Federal-Mogul Motorparts COMMITMENT

TO THE ENVIRONMENT

Federal-Mogul Motorparts was already the most advanced
lead-free company in 2008. Federal-Mogul Motorparts is
ready to provide reliable and performing lead-free materials
to fulfill the EU directive and achieve the required engine
performance demanded by today's automotive industry.
This clearly shows our commitment to innovation and to
the environment. Federal-Mogul Motorparts' leadership

is once more proven, and we continue to be first in the
market with the best available bearing materials.

Although leaded replacement bearings for old vehicles (but
not for new ones) can be supplied after the next legislation
deadline, Federal-Mogul Motorparts is independently
committed to environmentally friendly entrepreneurship.
Whenever technically possible, we will go further than new
legislation and we have made it our goal to eliminate lead
from the manufacture of all bearings and bushes.
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Examples of some of these new patented technologies:
« LF-4, LF-5, LF-8 and RC-9 bronze bushings materials
» G-444 and G-488 lead-free overlays

(unique Federal-Mogul Motorparts MSA bath technology)
» New G-499 Sputter and new RVD G-469

(Rapid Vapor Deposition)
« Innovative aluminium bearing technology:

A-273, A-370, A-480, and A-590 bearing materials
- Advanced manufacturing concepts
« New boring technology
«» Laser welding

For over 100 years, Glyco has been the leading supplier of
engine bearings. Thanks to our advanced material
developments and manufacturing mastery, our leadership
continues in this new lead-free era. Glyco has set new
standards and has become the benchmark on new bearing
materials. This is why Glyco is the supplier of choice for
most OE manufacturers.

TIN & ALUMINIUM
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Cross-sectional cut through a bearing shell made of A370".
The pure aluminium inter-layer bonds the tin-aluminium onto
the steel back.
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MACHINING SPECIFICATIONS FOR THE NEW
FEDERAL-MOGUL MOTORPARTS SEMI-FINISHED
BUSHES OF ALUMINIUM ALLOYS

Boring of AISn20 alloy materials

Machining parameter recommendation
Cutting speed: vc = 500 m/min
Infeed: = 0,1 mm/revolution

Expected roughness: = Rz4 - 5 pym - n

7

b
7

o
PCD* cutting inserts recommendation N

Glyco lead-free technology:
A-370° & CS-4

Federal-Mogul Motorparts has become leader with its
exclusive new Glyco A-370 lead-free patented material
as it provides the highest performance with very high
resistance to fatigue and good adaptability.

Furthermore, we have developed the bearing bronze
alloy CS-4, a lead-free alloy that is not compromised by
impurities. CS-4 is used as a substrate to make the new
G-444 and G-488 overlay materials, created with a new
and unique Federal-Mogul Motorparts bath technology.
CS-4 is also used in the newest generation of Glyco
Sputter Bearings’, now developed into lead-free innovate
ones, called G-469 and G-499.

Normally, copper alloys contain lead. While developing and
researching lead-free solutions, Federal-Mogul Motorparts
has worked hard on creating lead-free bronze alloys. This
is why: without the presence of lead, copper alloys tend

to harden. When impurities like metal powder are mixed

in, bearings made of such an alloy will not change shape,
and foreign matter may get into the bearing. By improving
materials and fabrication methods, the hardness of the
bronze CS-4 alloy is very close to that of a lead-copper alloy.
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Basic shape: 55°

Relief angle: 7°

Corner radius: 0,4 mm

Max. tip temperature: 600°C

Use PCD cutting insert according to alike geometry.
Geometry may vary due to individual machining equipment.
1-2 drops of low viscosity oil per piece will improve
machining.

Overheating of tip temperature will destroy PCD-structure
immediately.

* PCD - Poly Cristalline Diamond

GLYCO-488 technology

Glyco G-488° is the first ‘intelligent’ lead-free bearing
material which is capable of resisting high loads. It is soft and
adaptable during the running-in phase, but becomes hard and
fatigue-resistant throughout the rest of its lifetime.

Glyco lead-free sputter technology uses a physical vapour
deposition process to produce an exceptionally uniform alloy
matrix on the surface of specially prepared bearings. This is
the most durable bearing material known, and is ideally suited
to withstand the very high loads of modern engines.
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8 SUPPORT

Discover our most extensive
catalogue to date

Want to stay on top of bearings? Our latest edition puts
more links in the palm of your hand than ever before: user-
friendly, visually appealing and with even more precise
information on high-tech materials. The new bearings
catalogue contains market-leading coverage for both LV
and CV applications and is in line with all Engine Expertise
Catalogues. It's available in 8 different languages!
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= 0 GARAGE GURUS

Looking for dedicated support, tech tips or training
programs on the latest developments in the automotive

world? Garage Gurus is a major new “Tech First” initiative

G A R A G E from Federal-Mogul Motorparts, exclusively designed
‘ 7] > R ‘ . with tech in mind. Discover the most comprehensive
o program of support tools in the industry: onsite, online and
? PR 3 ondemand. Garage Gurus is committed to arm techs with
% A \ ]

emerging vehicle technologies.

Find out more on
www.fmmotorparts.com/garage-gurus
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CONCLUSION

ENGINE BEARINGS OPERATE IN A BRUTAL ENVIRONMENT. WITH A BROAD RANGE OF ENGINE
OPERATING SPEEDS, TEMPERATURES AND OTHER PARAMETERS, THESE VITAL COMPONENTS
ARE CALLED ON TO PROTECT THE CRANKSHAFT AND ENGINE BLOCK FROM PREMATURE
WEAR AND CATASTROPHIC DAMAGE.

TO WEAR IS, IN FACT, WHAT BEARINGS ARE EXPECTED TO DO, VERY GRADUALLY, OVER
MILLIONS OF ENGINE REVOLUTIONS AND THOUSANDS OF MILES. BUT PROTECTING THE
BEARINGS THEMSELVES FROM ACCELERATED WEAR IS THE JOB OF THE ENGINE REBUILDER,
WHO MUST ENSURE THAT THE ENGINE IS FREE OF DIRT AND DEBRIS AND THAT ALL
APPROPRIATE INTERNAL TOLERANCES ARE MAINTAINED.

DIRT IS THE ENGINE BEARING'S MOST COMMON ENEMY. IN FACT, MOST PREMATURE
BEARING WEAR CAN BE TRACED TO DIRT PARTICLES IN THE LUBRICATING OIL. THAT'S
WHY THE REMOVAL OF CONTAMINATION THROUGHOUT THE ENGINE REPAIR PROCESS IS
CRITICAL.

A QUALITY REBUILDING JOB ALSO REQUIRES STRICT ATTENTION TO INTERNAL OPERATING
TOLERANCES. DIMENSIONAL AND SHAPE VARIANCES IN THE CRANKSHAFT JOURNALS,
MATING SURFACES AND HOUSING BORES CAN CAUSE IMMEDIATE AND SEVERE DAMAGE TO
A REBUILT ENGINE.

TO ENSURE THE QUALITY OF ANY REBUILD, THE TECHNICIAN ALSO SHOULD CAREFULLY
DOCUMENT IN WRITING EACH STEP OF THE REPAIR. IF A SUBSEQUENT QUESTION OR
RELIABILITY ISSUE ARISES, THIS RECORD OF THE REPAIR PROCESS CAN SERVE AS AN
INVALUABLE GUIDE IN IDENTIFYING AND ELIMINATING ANY PROBLEM.

Important: Claims for damages, of any form whatsoever, resulting from details made in this brochure or from incorrect
use, application, storage or handling, are explicitly excluded. This brochure is not an operating manual for the use and
installation of the bearings. It does not contain any advice in a legal sense. The brochure neither replaces the constantly
applicable technical regulations - particularly for tolerances - nor the installation and maintenance stipulations of the
individual engine manufacturer. Also, it is not possible to forego the expertise of those carrying out the installation and
application. The individual references made in this brochure for the installation and the application of the bearings are
instructions solely for the technically qualified specialists and are to be checked and verified by him for their suitability in

each case. Federal-Mogul Motorparts/GLYCO accepts no responsibility for application decisions.

Reproduction of this brochure of parts hereof is only allowed with our explicit permission in writing. Pictorial

representations and design are copyrighted. The right is retained to correct errors and alterations.
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KEEP IT REAL
KEEP OUT COUNTERFEIT

The authenticity of all our engine and sealing products is protected by the MAPP Code (Manufacturers Against Product
Piracy) and the PrioSpot” Authentification device, featured on a special Anti-Counterfeit label on the packaging. In this
way you can be sure of our trusted Federal-Mogul Motorparts quality!

HOW TO CHECK THE AUTHENTICITY
OF YOUR PRODUCTS

1 Check if the packaging is closed and the label is intact

2 Verify the unique alphanumeric code and data matrix code

= Type in the alphanumeric code at — Read the Data Matrix Code — Read the Data Matrix Code on your
www.fmecat.eu with a 2-D scanner smartphone with NeoReader™ App
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3 Verify the unique security code '

on the PrioSpot’ Label

- Different code on each packaging S e
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— Code contains the last 4 digits of the alphanumeric code

- The code and the Federal-Mogul Motorparts logo
shimmer in rainbow colours only in direct light

= Only in direct light a digit, repeating the last digit of
the security code, is visible. This digit will move up and
down when you change the angle of the PrioSpot®
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All trademarks shown are owned by Federal-Mogul LLC or one or more of its subsidiaries in one or more countries.
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