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Demonstrating fascinating properties
and offering an abundance of usages,
metal soon played a pivotal role in man’s
history and its production rapidly
became a strategic issue.

Not surprisingly, man has continuously
striven over the centuries to improve the
quality of metal and to find newer, faster
and more cost-effective methods of
producing it.

And there is no relief today, in a market

increasingly marked by global
competition, the heat is on as never

before and it is putting heavier demands
on the metal industry’s approach to
serving its markets. To survive, a new
type of partnership is called for. &

It requires a team spirit and truly joint
effort by all the key players in the metal
industry, the rolling mill builders, c
mill operators and leading bearing

suppliers such as The Timken Compamxhl .
incidentally also a major steel producer.

We are committed to playingﬁr#
in developing such synergetic
relationships both with our current
customers and future partners.







Steel, especially alloy steel bars and tubing, is one of The Timken Company’s

two core businesses.

As in the Bearing Business, our sole mission in the steel sector is to
continuously improve our products and enhance our customer service
performance. Ultimately, we must add value to our customers’ own
applications.

This is the primary target all our company’s key resources are focussed on,
from technology and engineering, to systems management, production and
marketing.

On-going improvement of product and service standards is a costly task and
we, at The Timken Company, have consistently committed sizeable
investments in new plants and new equipment for the manufacture of steel
and bearings.

The market’s need for better steels and higher performance bearings has
encouraged us to produce ever cleaner steels over the years. In turn, this has
allowed us to offer bearings with substantially enhanced performance
characteristics.



Cleaner Environment

Lower Maintenance Costs
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Experienced Service Engineers at your mill

Sales Engineers and Customer E
for application support
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Optimized bearing
design and application
Do riHance -is
achieved thanks to a
partnership right from
the beginning of the
mill design, through
its build, production
start-up and
throughout all its
operating life.

Lower maintenance
costs due to higher
bearing life per ton
of metal produced,
and consistent joint
problem solving.




Increased Productivity

More Up-time
Higher Yield

Higher Product Quality
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1.1. The components and possible combinations

1.1.1. Cone, cup, roller, cage (fig. 1-1)

Fig. 1-1

Components of a single row
tapered roller bearing (type TS) :
cone, cup, roller, cage.

Tapered roller bearings consist of four basic
components. These are the inner race (cone), the
outer race (cup), tapered rollers and a cage (roller
retainer). The cage can be a stamped type as shown
in fig. 1-1 or a pin type as shown on some bearings in
fig. 1-2. The tapered rollers rotate between the inner
and outer races whereas the cage is needed to evenly
space the rollers.

1. Features and benefits of the tapered roller bearing @
that you may have forgotten



1.1.2. Single row, double row, four-row, six-row,
axial thrust bearings (fig. 1-2)

As you can see, any possible combination can be
considered, from one row to multiple rows with
light to heavy radial and/or axial capacity.
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The tapered roller bearing, through the way it is
designed and the variety of assembly options, will
meet most of the needs of the designer and fit most of
the space requirements imaginable.

Direct mounting ‘

Effective bearing center,

e The first choice is to
mount one single row
bearing against another.
The bearings can be

mounted “direct” with the
effective centers (where

the loads are applied)
to the inside (fig. 1-3)
or “indirect” with the
effective centers to the

outside (fig. 1-4). The
distance between the

two bearings is dependent
on the application R
requirements. \

Fig. 1-4
Indirect mounting

TIMKEN



o Two-row bearing assemblies are commonly used
in applications such as gear drives, shears,
pinion stands, and coilers. They are “fixed”
at one side to locate the shaft axially and
“floating” at the other position to absorb any
thermal expansion and/or tolerance build-up
(fig. 1-5).

e Four-row assemblies are used mostly on roll
neck applications, where high radial loads are
carried and limited radial space is available
(six-row assemblies have also been used
successfully fig. 1-6). Axial loads can also be
absorbed in either direction.

Fixed position Floating position

Fig. 1-6

1. Features and benefits of the tapered roller bearing @
that you may have forgotten



Fig. 1-7
Thrust bearing TTHD type

o In the case of heavy axial
loads acting in one direction,
such as in screw-down
positions, heavy duty axial
thrust bearings are available
(fig. 1-7). If minimal radial
space is available, a stack of
steep angle TS bearings to
achieve the required axial
rating can be considered
(fig. 1-8).

Fig. 1-8
Stacked TS assembly
JSor axial loads —




e For work roll axial shift or roll
crossing systems where high axial
loads are acting in both directions,
a steep angle, two-row bearing
assembly can be used (fig. 1-9).
If these axial loads are very high,
the steep angle bearing can be
substituted by a double axial
thrust assembly (fig. 1-10).

Fig. 1-9
— Separate axial position
with TDIK type bearing

Separate axial position

y Fig. 1-10
To carry very bigh loads separate axial

position with TTDWK type bearing

-

To carry very high loads

As you can see there are many
possible combinations, and we
would be very pleased to work with
you to find the most appropriate
solution for the successful
performance of your application.

\
1. Features and benefits of the tapered.roller bearing @
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1.2. True rolling motion

1.2.1. What does it mean ?

The extensions of the raceways and rollers of a tapered roller
bearing are designed to converge at a common point on the axis
of rotation. This “on-apex” design means that any point along
the raceways (cone, cup and roller) is subjected to the same
circumferential speed (fig. 1-11).

Cup (outer race)

Fig. 1-11 Cone (inner race)

On-apex design results
in true rolling motion at
all points along the roller body

1.2.2. Benefit for the application performance

This on-apex design helps eliminate any sliding effect on the
part of the tapered roller bearing races carrying the bearing
load. Therefore, wear and skewing of the rollers due to a
possible sliding effect is extremely limited compared to other
types of bearings. Life is enhanced and speed under average to
high loads can be increased even under conventional lubrication
methods.




1.3. Positive roller alignment

1.3.1.

Outer race

resultant
Radial

Seating

Thrust+——» force

Outer
race
resultant

Inner <—— |Thrust

race
resultant

Seating force |

Inner race
resultant

Radial

Guiding rib

Elliptical
roller-rib
contact

What does it mean ?

Positive roller alignment is one of the
major features of tapered roller
bearings. The tapered configuration
of the roller not only ensures true
rolling motion with long rolling
contact line but also generates a
eatingforce”,which pushes the roller
against the large rib of the inner race.
This seating force is a function of the
different angles of the outer and inner
races (see vector diagram fig. 1-12).
It prevents the rollers from skewing
off apex thereby always keeping
them positively aligned and located
against the inner race rib.

Fig. 1-12
Small seating force on the inner race rib
keeps rollers aligned on the raceway

1.3.2. Benefit for the application performance

Guiding
' rib surface

Bearing life can be compromised if
roller skewing exits. This skewing is
normally characterized by the angle
B, fig. 1-13. In the load zone, and
the transition into and out of the load
zone, it is essential that rollers
be properly aligned, or progressively
brought into alignment by the
dynamic forces exerted on the roller.
Tapered roller bearings have the rib
contact to help bring the rollers into
proper alignment. Other types of
bearings rely on the cage and race
contacts to provide this alignment.
Generally roller skewing and life
effects related to this condition may
become significant in, but are not
necessarily limited to, applications
where excess operating clearance or
end play exists, and / or applications
where high accelerations and
decelerations may occur.

Fig. 1-13
With the tapered roller bearing guiding rib, rollers are

1. Features and benefits of the tapered roller bearing
that you may have forgotten

progressively aligned when entering the load zone
@



1.4. High radial and axial capacity

14.1. What does it mean ?

Due to the tapered design, our bearing is able to carry
a combination of significant radial and axial loads.
Depending upon the anticipated application loads, a
higher radial capacity

series (shallow angle,

fig. 1-14a) or a higher

axial capacity series (steep

angle, fig. 1-14b) can be

chosen.

o ! \
\ o
\ \
\ \
\ \
\ \\
_ , _U 0 S S ’
| |
a) Shallow angle for b) Steep angle for
predominant radial load predominant thrust load

Fig. 1-14
Designs to support significant radial and
thrust loads in any combination

TIMKEN



1.4.2. Benefit for the designer

Even under high radial, axial or combined
loads, any designer will be able to find the
correct Timken tapered roller bearing to suit
his specific needs in terms of maximum
load carrying within the minimum space.
(fig. 1-15). In most cases, there is no need for
an additional axial bearing. This will
contribute to a cost reduction of the
application.

Fig. 1-15

About the same calculated fatigue life as for ball or cylindrical roller
bearings can be achieved under the same combined axial/radial
load by a tapered roller bearing of a much smaller outside diameter:
Alternatively, a tapered roller bearing of the same oultside diameter
can achieve much greater fatigue life.

1. Features and benefits of the tapered roller bearing

that you may have forgotten



1.5. Adjustable internal endplay-preload

Any tapered roller bearing, being
mounted as 2 single rows or as
assemblies, can have its radial
internal clearance adjusted to the
specific requirement of the
application. This internal radial
clearance is in fact adjusted by
moving axially the position of the
outer ring relative to the inner ring
(fig. 1-16). The radial clearance,
which controls the load zone, is 1/2
to 1/5 of the axial displacement due
to the tapered design. Therefore,
adjusting the axial clearance enables
you to obtain a very accurate
resulting radial clearance “R”
(fig. 1-17).

Fig. 1-16

Radial internal endplay “R”, adjusted axially

X

Cup

Roller

Example :

R = Radial clearance

A = Axial clearance

With a back-up bearing (762 mm bore)
Cup angle = 250 (K factor = 1.76)

And a mounted axial end play of 0.3 mm (A)
The corresponding radial clearance is :

R =(0.3/1.76) x 0.39 = 0.066 mm

Depending on the application needs, tapered roller bearings can
be supplied pre-adjusted. If the application is such that very
close adjustment is needed, the setting of the assembly can be
casily achieved on site by correctly sizing the spacers. If
necessary, our service engineers can support you with their

experience.

Fig. 1-17
Bearing internal
clearance

TIMKEN



1.5.2. Benefit for the application performance

The life of your bearing is dependent on the load zone obtained
under operating conditions ; the higher the load zone (up to
a slight preload) the higher the life of the bearing (fig. 1-18).
The tapered roller bearing design enables you to set the load
zone very precisely, which results in optimum performance for
your application.

Light preload i

PRELOAD ENDPLAY

) -

Bearing setting

Fig. 1-18
Bearing life versus setting

"
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1.6. Case carburized steel

1.6.1. What does it mean ?

Timken tapered roller bearings (rollers, inner and
outer rings) are manufactured from low carbon alloy
steels. Depending on the bearing size, appropriate
quantities of the alloying elements
to the steel melt to insure optimum

properties in the finished
product. Carbon is
introduced during the heat
treatment process into the
surfaces of the bearing
components to a depth
sufficient to produce a
hardened case that will
sustain high bearing loads.
This carbon as well as the
addition of alloys
added during the melting
process assure the proper
combination of a hard,
fatigue-resistant case and a
tough, ductile core (fig. 1-19).

These high quality alloys
continue to be improved
by The Timken Company
steel division. We ensure
the consistency of our
steels worldwide regardless
of the bearing is

are added

Fig. 1-19

Hardened case of bearing
components provides fatigue
resistance and ductile core
provides toughness

TIMKEN



1.6.2. Benefit for both builder and mill
operator

There will be reduced probability of sudden
bearing seizure.

A fatigue crack can propagate completely
through in a through-hardened component,
whereas, a fatigue
crack in case car-
burized bearings
will generally stop
at the ductile
core.

This tough core
will also improve
your application
performances
under heavy
shock loads. Indeed, the residual
compressive stresses at the surface retard
propagation of fatigue cracks. These residual
compressive stresses also improve the
bending fatigue resistance at the large rib
undercut.

1. Features and benefits of the tapered roller bearing @

that you may have forgotten



Fig. 1-20

1.7. Separate inner and outer ring
assembly

As shown in section 1.1., the tapered roller
bearing is built with inner ring(s) and outer
ring(s) which can be separated from each other
(fig. 1-20). Often, with very heavy parts, it is
convenient to mount the pieces separately for
weight or safety reasons. The tapered roller
bearing also offers the flexibility to be mounted as
a unit.

Thanks to the separate inner and outer rings, the
tapered roller bearing is very easy to handle for
storage, mounting-dismounting and maintenance.
With regards to maintenance, the components can
be easily inspected and readjusted to the original
factory specifications. Furthermore, if damage is
noted beyond minor spalling, your bearing can be
returned to The Timken Company for further
inspection and reconditioning (see section 5.3.).




The tapered roller
bearing offers many

solutions which will
contribute to total
application cost
reduction. Mill builders
will benefit from much
simpler, less costly
solutions, whereas mill
operators can realize
total operating and
maintenance cost
reductions.
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2.1. Mill stands

Rolls are subjected to very high radial loads and
varying degrees of axial load. To carry these
loads, or combined loads, roll neck bearings
must have adequate contact surfaces, material
strength properties, and internal geometry
characteristics to provide appropriate and
acceptable performance under these often very
difficult operating conditions. Design options have
traditionally been two, four, or six-row tapered
roller bearings, or multi-row cylindrical bearings.
In the case of tapered roller bearings, different
duty classes have been developed to designate
what type of loads the bearing is designed for.
This duty class generally appears as a prefix letter in the
bearing part number, i.e. L - light ; LM - light medium, M -
medium, HM - heavy medium. Some of these bearings,
designed as “balanced proportion”, are very popular and
generally meet the needs of the designer ; they can also
be designated as EE bearing types. Some other classes like
H - heavy, HH - heavier than heavy, have also been
developed for particularly heavy loaded applications.

2.1.1. Back-up rolls (2-high, 4-high, 6-high mills)

In order to accommodate installation and removal, tapered
roll neck bearings are generally mounted loose on the roll
necks given certain design parameters, and when
experience suggests this design can be successful. When mill
speeds, loads, and / or environmental conditions typically
exceed 600 to 750 m/min. The Timken Company suggests
cones of back up roll bearings be mounted with tight
(interference) fits to avoid cone "creepage" ( relative rotation
on the roll neck ). In the case of tapered roller back up roll
bearings, designs generally use cones with tapered cone
bores to facilitate mounting and dismounting.

2. Most popular bearing types @

in the rolling mill industry




Back-up roll bearings

TQOW

Composition :
Application :

Remarks :

TQITS

Composition :

Application :

Remarks :

Two double cones, one cone spacer, two single cups,
two cup spacers, one double cup.

Mills with speeds up to 600-750 m/min (2000 to
2500 ft/min), according to loads.

Preset assembly with spacers - possibility of resetting
radial clearance by regrinding the spacers - mounted
loose on the roll neck and in the chock - slots on cone
faces for bearing shoulder and neck contact
lubrication - can also be provided with spiral groove,
and in 2TDIW version (see 2.1.2.).

One double cone and two single cones all with
matched tapered bores, four single cups, three cup
spacers, no cone spacer.

High speed mills, where strip speeds are greater than
600 to 750 m/min according to loads. We have
successfully operated these assemblies at 2150 m/min
(7000 ft/min) with oil-mist Iubrication (note that oil-air
lubrication would give the same results).

Mounted tight on the roll neck - the tapered bore
provides an accurate control of the interference fit -
maximum stability of the roll due to the indirect
mounting design - preset assemblies.

TIMKEN



The TQITS exists also in a TQITSE version with an extended
cone on the roll side. This extension provides an ideal surface
for the chock seals, and further reduces the potential for seal
damage when mounting on the roll neck. It also eliminates the
need for a large fillet ring. The seal integration permits the
bearing to be positioned closer to the roll face, which in turn
improves the neck stiffness.

Precision

For applications which require very close product tolerances
of less than 5 micrometers (200 microinches), we can provide
our back-up roll bearings with extremely tightly controlled
runouts. Examples of the products run on these mills are :
aluminium or steel can stock...

TDIK

Composition : One double cone with keyways, two single cups
(can also be considered with spring system in the
cups).

Application : Used as a thrust bearing in addition to a back-up
roll bearing with no axial capacity (e.g. oil film
bearing).

Remarks : See section 2.1.3.

in the rolling mill industry
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2.1.2. Work roll positions

Composition : Two double cones, four single cups, three, two or
no cup spacers.

Application : Same use as the TQOW bearing.

Remarks : The 2TDIW is fully interchangeable with the
TQOW (same external dimensions, same
capacity) -in case of combined axial/radial
loads, the 2TDIW bearing offers better load
distribution on its two central single cups than
on the double cup present in the TQOW - fewer
different components in case of bearing
maintenance/rebuild - preset assemblies.

3TDIW

Composition : Three double cones, six single cups, five, three or
no cup spacers.

Application : Same use as the TQOW/2TDIW bearings where
high loads are applied and chock section is
critical.

Remarks: Decrease in bearing outside diameter is
compensated for by an increase in width - preset
assemblies.

TIMKEN



TDI

Composition :

Application :

Remarks :

TDIT

Composition :

Application :

Remark :

One double cone, two single cups, one cup
spacer.

Edgers and 2-high mill work rolls with low to
medium loads. Revamp from plain bearings or
spherical bearings.

Can be delivered as a preset assembly - cups and
cones normally mounted loose.

One double cone with tapered bore, two single
cups, one cup spacer.

Bar and rod mills (where speeds are greater than
600 m/min - 2000 ft/min).

Preset assembly.

TNAT (S)

Composition :

Application :

Remarks :

DO

Composition :

Application :

Remarks :

Two single cones with matched tapered bores
(similar to the TQITS assembly), one double cup
or two single cups + one cup spacer, no cone
spacer.

Used in bar and rod mills where the chocks are
prestressed.

Floating position achieved between cup O.D. and
chock bore - preset assembly.

Two single cones, one double cup, one cone
spacer.

Cantilever profile mill and beam mill vertical rolls.

Due to high loads, heavy duty bearings are
generally used - double cup mounted tight in
rotating and vertical rolls - can be delivered as a
preset assembly.

()
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For work rolls which are often changed in the mill,

the Sealed concept can be especially useful from an economic point
of view. In fact, the grease consumption with a sealed bearing is
dramatically decreased and operating and maintenance costs are
beavily reduced. Note that sealed roll neck bearings can also be used on
back-up rolls and in conjunction with oil-air and oil-mist lubrication.

Sealed Roll Neck Bearings : SRNB [5

Composition :

Application :

Remarks :

Same composition as the 2TDIW plus one bore seal (mounted in the
bores between the 2 cones), one main seal at each end, sealed
statically in the chock bore.

Work rolls with excessive grease costs or, where lubricant leakage
would be detrimental to the final product (skin pass mills...).

The sealed roll neck bearing is supplied as a unitized, preset
assembly with or without grease - regreasing intervals of 600 to
1000 hours are more likely, instead of at every roll change (however
these intervals will depend on the operating and maintenance
conditions at each mill site, and will have to be adjusted accordingly) -
the bore seal concept further enables proper lubrication of the
inner cone faces.

Narrow seal concept

Used in any mills, even running with high bending loads and
relatively high speeds (up to 2000 m/min - 6600 ft/min). These
bearings would typically have the same capacity as the unsealed
four-row bearing in the same series.

The two in one main seal concept includes static sealing of the
bearing outside diameter and a dynamic seal function which
includes our elastohydrodynamic lip concept to minimize grease
leakage.

TIMKEN
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TDIKSC

Composition : One double cone with keyways, two single cups
(with or without spring system), main seals.

Application : Used as a thrust bearing on work roll or back-up roll
applications, in addition to the roll neck bearing,
where thrust loads are high.

Remarks : Design and mounting concepts are the same as the
TDIK. This design offers the benefit of additional sealing
to prevent bearing damage due to contamination ingress
and improve lubricant retention. Sealing the bearing
cavity also helps to protect the bearing during roll
changes. The narrow seal concept (shown here) can
be integrated to maximize capacity. This sealing concept
encloses the bearing cavity and chock bore with one
seal in a minimal amount of axial space. Main seals can
also be mounted in seal carriers, with o-rings to seal at
the cup OD. Sealed bearing designs utilizing the integral
spring system are also available.

TQOWE-2TDIWE

The TQOWE-2TDIWE versions are provided with cone extensions
to the outside of the bearing in order to accommodate chock seals.

This bearing design permits a fully integrated “chock-bearing” sealed
system to be used and allows for an optimum chock seal running
surface. It also reduces the risk of seal damage. In addition, this
design enables you to take full advantage of the available space for
maximum bearing capacity.

2. Most popular bearing types @)
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2.1.3. Work roll axial positions

In most cases, when a tapered roller bearing is used on roll
necks, no additional axial position is required. Nevertheless,
for systems like axial shift or roll crossing, the thrust loads
might be so high that an additional thrust bearing unit is

needed. For these applications, The Timken Company has
several solutions.

1.11'. ) {
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Composition : One double cone with keyways, two single cups
(with or without spring system).

Application : Used as a thrust bearing in addition to a four-row
or six-row bearing in mills where the thrust loads
are high (for example with axial shift or roll
crossing systems...) see fig. 1-9, page 21.

Remarks : These bearings are designed with steep angles to
absorb thrust loads in either direction (low K
factor) - mounted loose in the
housing with 1 to 2 mm radial
clearance to avoid any radial load
interaction. Cones are also mounted
with a loose fit.

The Timken Company has
developed a version with a spring
system in the cups, to ensure that
the unloaded cup is always seated
and thus, prevent any roller
skewing. This is very important in
such a position, and even more so with steep
angle rollers. A spacer preset assembly unit is
sometimes used, but in this case, the seating of
the unloaded row is not necessarily assured.

TIMKEN



TTDWK

Composition :

Application :

Remarks :

TTHD

Composition :
Application :

Remarks :

One double central tapered thrust ring, two
outside flat thrust rings.

Double acting thrust bearing used in medium
speed applications and when axial loads are
considerable such as beam mills or piercing mills.
Mounted loose on the neck and in the housing
- flat outside races - keyway in central ring bore -
unloaded race can be seated with springs.

Two tapered thrust rings.

Thrust bearings of piercing mills, axial position on
Sendzimir mills.

Used only when axial loads are unidirectional -
medium speed capability when provided with a
cage - a cageless design is available for high loads
and low speeds.

")
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2.14. Screw-down systems

Screw-down systems are used to adjust the thickness of the
rolled product. Bearings for such systems are basically static, and
must be able to support the high rolling loads. Therefore, The
Timken Company has developed a wide range of these heavy
duty thrust bearings.

TTHDSV

and

TTHDSX

Composition :

Application :

Remarks :

Alternative :

TTHDSX

One lower race and one upper race provided with
a special profile (concave or convex) to match the
end of the screw or the adaptor between screw
and bearing upper race.

Screw-down thrust bearing.

Cageless design for maximum capacity - concave
design for TTHDSV and convex design for
TTHDSX. Note that the bottom ring can also be
provided with a flat race (TTHDFL).

You can also use a standard TTHD bearing
mounted on a concave or convex adaptor to
match the end of the screw.

TIMKEN



2.1.5. Sendzimir mill

Composition :

Application :

Remarks :

Z-SPEXX

(cylindrical roller bearing
for Sendzimir mills)

Composition :

Application :

Remarks :

Two single cones, one heavy wall double cup and
two closures to retain the lubricant.

Sendzimir mills with base oil viscosity of 460 cSt
at 40 °C and more.

Preset assembly - heavy section cup to be used
directly as a back-up roll - mounted loose on the
stationary arbor - these bearings are provided
in precision class with maximum outer
ring wall section variation of 5 micrometers
(200 microinches) in order to reach the tight
tolerance requested on the final product - ability
to regrind the outer ring several times - bearing
section heights are classified within a 2.5
micrometer range (100 microinch range) in order
to achieve good load sharing between the bearings
of a same arbor.

One single cylindrical inner ring, one heavy wall
section outer ring and two or three sets of
cylindrical rollers and roller retainers.

Sendzimir mill with base oil viscosity down to a
range of 10 to 15 cSt at 40 °C.

Controlled radial clearance - high quality case
carburized steel - customised internal geometry -
enhanced finishes on the rolling surfaces -
provided in precision class with maximum outer
ring wall section variation of 5 micrometers
(200 microinches) - ability to regrind the outer
ring several times.

Latest

bearing

technology now offers Sendzimir mill
operators a large reduction in their cost per ton rolled
(improved gauge accuracy - high speed capability - ability to
regrind the outer ring several times).

o
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2.2. Mill drives, pinion stands, coilers and
uncoilers

In these applications, most loads are combined radial and axial.
The two-row tapered roller bearing assembly is therefore the
most natural solution.

2.2.1. Double row indirect mounting

DO

Composition : Two single cones, one cone
spacer and one double cup.
Remarks : Preset assembly, the cone is
mounted tight on the rotating shaft - the internal
radial endplay is adjusted accordingly - high
effective spread increases shaft stability - double
cups mounted loose in the housings for both fixed
and floating positions - holes and circular grooves
are normally provided on the double cup for
lubrication purposes, one counterbored hole is
usually included ; this permits the provision of a
locking pin to keep the loose-mounted cup from
rotating at the “floating” position (this is then
refered to as a “CD” cup).

2.2.2. Double row direct mounting

TDI

Composition : One double cone, two
single cups, one cup
spacer.

Remarks : TDI assemblies are normally
used on the “fixed” position - Compared to a TDO
of the same size, the TDI is smaller in width and
can therefore be fitted within smaller envelopes -
usually supplied preset - when used on rotating
housing applications, axial float is achieved
between cone and stationary shaft.

TIMKEN



2.3. Auxiliary equipment

To give a global solution to rolling mill users and builders, The
Timken Company provides you not only with bearings for the
mill stands or the equipment directly linked to the stands but
also bearings for the auxiliary equipment necessary in a mill.

In addition to the bearing types mentioned below, you can also
refer to “The tapered roller bearing guide” or to your Timken

Sales Engineer for more information.

2.3.1. TS bearing

For general purpose applications, the association of two single
row bearings is a good solution for combined load carrying. The
product range offered by The Timken Company will enable you
to find the most cost effective solution for your application from
a 10 mm (0.4 inch) bore up to 1500 mm (60 inches) and larger.

TS

Composition : One single cone and one single cup.

Application : Various equipment such as saws, guiding rolls,
scrap choppers, small drives,...

Remarks : The TS is the most common tapered roller bearing
which allows the designer a large choice of
mountings - the TS bearing is always fitted as one
of a pair, whether mounted directly or indirectly
(fig. 1-3 and 14 p. 18).

%
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2.3.2. Two-row TS assemblies

As already mentioned, preset TDI and TDO assemblies can be
used in many applications.

The Timken Company also provides preset two-row TS
assemblies. These assemblies exist in indirect mounting
arrangements (2TSIM) and in direct mounting arrangements
(2TSDM) and can be supplied to the required overall width by
sizing the spacers accordingly. This increases the design
flexibility even more.

2.3.3. Heavy section outer ring bearings

TNASWH and

In auxiliary rolling mill equipment, for E
example on backed-up roller levellers, the < J

TNASWH assembly can be used as a

support roll. The TNASWHF is similar to

the TNASWH, with an additional flange TNASWHF
provided on the cup. It is often used as a

wheel in crane applications, on roll

dismounting systems,...

2.34. TDIV double row self-contained assembly

TDIV

Composition : Two single cups, one double
cone, one cup spacer in two
parts, one spacer retainer,
two closures can be added
for lubricant retention.

Application : Continuous caster with high loads low speeds...

Remarks : Indirect mounting design (similar to the TDO)
- cageless for maximum capacity - preset and self-
contained assembly - low to medium speeds.




2.3.5. AP bearings

In order to simplify the work
of designers, The Timken
Company also offers a “ready to
use” bearing assembly based on
a TDO.

AP BEARING

AP (All Purpose)

Composition : Two single cones, one double extended and
counterbored cup, one cone spacer, one backing
ring, two radial lip seals plus wear rings and one
end cap with venting or plug, cap screws and
locking plate.

Application : Table rolls, crane wheels, sheaves,...

Remarks : The AP bearing is supplied as a preset, pre-
lubricated and sealed package - this bearing is
available in a multitude of different arrangements.
For more information please refer to “The tapered
roller bearing guide” and the booklet “AP bearings
for industrial applications”.

NOTE : most of our bearings are supplied with boles to
accommodate your lubrication system

" |
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3.1. Design and dimensional aspects for roll neck
bearings
Roll neck bearings are selected based on a number of important

factors, including applied loads, speed capabilities, precision /
accuracy requirements, and size constraints (i.e. available space).

The principal selection parameters to consider when looking for
a bearing to satisfy your roll needs are :

e type of mill and duty (hot, cold rolling strips or profiles,...),
e roll body size (maximum and minimum diameter, width),

o roll body material (allowable stresses =) minimum neck
diameter and width),

e screw-down distance.

@ g max

g min

@y min

r

Fig. 3-1

Critical bearing
selection
parameters

¢N min = minimum neck diameter

¢B min = minimum roll barrel diameter
¢B max = maximum roll barrel diameter
A = neck length

L = barrel length

X = screw-down distance

The above considerations will dictate the minimum remaining
space left for the chock and the bearing.

Finally, in this space, it is important to then properly balance the

bearing section height against the minimum chock section
requirements.

Fig. 3-2 Fig. 3-3
Light section Heavy section

bearing LM type bearing
M or HM type

]
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After a review of the size restrictions, an
evaluation must be made of the bearing capacity
as a function of the rolling schedule for each of
the stands to ensure proper application
performance. This is an interactive process to
get the best balance between all mill
components (roll - chock - bearing). This can
only be achieved through a
close partnership with the mill
builder.

- In many cases, the quoted
maximum rolling load will
not be excessive for the
defined roll diameter, thereby
permitting a future load
increase should an operator
later intend to roll higher
grade steels.

- Our roll neck bearing sizes,
with bores ranging from
50 mm to about 1500 mm
(2 to about 60 inches), were
defined in order to find the
best possible compromise
between the two conflicting parameters “neck
diameter and barrel diameter” in order to offer
at the same time :

e« the smallest possible chock outside dimensions
thus allowing a satisfactory roll turn-down,

e the largest possible neck diameter to
withstand today’s rolling and bending loads
and also be capable of coping with the trend

TIMKEN




Our range of typical heavy duty back-up roll bearings was
designed to fulfill the previously described requirements. These
bearings usually allow on average a neck-to-barrel ratio of
around 60 % (58 to 62 %) and a roll turn-down of around 10 %
B % to 12%) provided the chock section dimension “C” is
satisfied as shown on fig. 3-4 below.

For particularly highly loaded mills we can run a Finite Element
Analysis (FEA) to better evaluate the minimum chock sections
(in the vertical as well as in the horizontal direction, even
though the “C” section remains the most critical).

For more details regarding
FEA, refer to chapter 3.3.

D
Amin.=0.2xD
B min.=0.1xD
C min.=0.038 x D
Fig. 3-4

Critical back-up The average values of 60 %
roll chock neck-to-barrel ratio and 10 % turn-down are achievable due to
sections the fact that our heavy duty back-up roll bearing range is
designed with a relatively shallow cup angle “2 a” and minimum
cone and cup wall sections (fig. 3-5).

These minimum sections are

possible due to our high

steel quality, our heat

treatment processes and our

long experience with case
[u carburized steel.

Minimum section

il

Minimum section __|

Fig. 35
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These heavy duty bearings can easily be recognized, since their
widths are always slightly greater (2 to 8 %) than their bores
(fig. 3-6).

x
A4

T>d by 2to8 %

Fig. 36

They offer very good radial ratings due to the shallow angle and
still offer enough axial capacity to avoid the need for a separate
thrust bearing. The reduction in the number of bearings
required on the back-up roll, also leads to a more compact
chock design.

The tapered roller bearing has a radial rating approaching that of
a 4-row cylindrical bearing of equal envelope dimensions.
Bearing ratings are a function of numerous design parameters,
and a discussion of ratings for tapered roller bearings is shown
later in this book. Each bearing type has benefits and
advantages. In the case of Timken tapered roller bearings, two
such advantages are:

o Close radial bearing clearance : tapered roller bearings are
axially adjusted with spacers to within close tolerances, and
offer therefore an equivalent radial bearing clearance which
is about 4.5 times smaller than the axial clearance (not
achievable with other bearing types). This leads to an increased
load zone and better control of load sharing over the four
bearings rows which will result in an extended bearing life,

o Proprietary Timken steel which increases the material factor
(critical in the rating equations).

|




Timken tapered roller bearings
have proven to be very capable for
high speed mills. With precise
control of end play (internal
clearance) and proper lubrication
system design and function,
experience has been successful for
mill speeds up to 2100 m/min.
(7000 FPM).

On rod and bar mills the trend for closer product tolerances also
requires roll neck bearings with small radial clearances due to
the fact that the top roll is changing load zone when the bar
enters the roll groove (fig. 3-7).

Radial clearance Load zone on top

i

|

Roll weight

N
Load zone on bottom L Radial clearance
Rolling load
) unloaded condition loaded condition
(upper roll) (upper roll)

Fig. 3-7

Example : for a bearing with a K factor of 1.76 and a mounted
axial clearance of 0.100 mm (0.004 inch) the corresponding
radial clearance would only be ~ 0.022 mm =+ 0.007 (less than
0.001 inch = 0.0003 inch).

The above describes most mills ; however please recognize that
some mills will require a separate thrust bearing. For example :
two-high profile mills, tube mills (piercing and elongator
mills),...

This additional thrust capacity is required due to high axial loads
or when a pass adjustment device is needed.

o
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3.1.1.2. Neck design in very highly loaded applications

For extremely heavily loaded back-up rolls, which often run at
slow speed, the conventional heavy duty bearing size
(represented by bearing A) is no longer suitable. In these cases,
a larger neck diameter is needed to cope with the higher
bending stress (fig. 3-8) in accordance with the roll material.

Centerline bearing A _,‘ r_ Centerline bearing B

Bearing A ‘ ‘ Bearing B

d bore of heavy bearing d d,
d, bore of light bearing

Fig. 3-8

Therefore, lighter section bearings
(represented by bearing B) are usually
proposed with approximately the same
outside diameter as the heavy duty bearings
in order to maintain the required roll turn-
d W;%. These lighter bearings offer an
increased neck-to-barrel ratio (d/D = 68 %)
a smaller distance between the middle of
and the barrel face (shorter lever

TIMKEN



The decrease in bearing rating is compensated for by adding
either or both of the following product attributes :

e vacuum remelted steel or other premium clean steels, which
can increase bearing fatigue life by approximatively 2-3 times
compared to current standard steels (fig. 3-9),

Time line
1000 —|
" ]
o 7
o
S -
© .
5 @)
g 7 @)
2 0
'E 100 o
2 1 © 0
: .|
O Premium clean steel
< Standard steel (original MPP)
10 T TTTTTTT[ T TTTTTTT[ T TTTTTTT[
0.0001 0.001 0.01 0.1
Inclusion length
Fig. 3-9
e enhanced internal bearing geometry, which will reduce the
roller-raceway end contact stresses and therefore avoid
premature spalling (fig. 3-10).
Stress distribution with
standard geometry
Stress 1 Stress distribution with enhanced
level internal geometry
Acceptable | 77T I\ A T
limit

v

Raceway length

Fig. 3-10
Stress distribution
along the roller raceway

These and other life enhancing features may be incorporated in
your Timken bearing by contacting your local Timken sales

representative.
00
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COMPOUND FILLET PROFILE

The use of a roll neck fillet with a conventional single radius has
its limitations and would not give the most desirable fillet design
either from a strength or a space limitation point of view.

Elliptical fillets offer the best characteristics, but are difficult to
grind. Compound or two-radii fillets are a practical solution from
the standpoint of roll grinding and offer a design that is quite
similar to the true elliptical fillet contour.

Figure 3-11 shows the development of this compound radii fillet
from two predetermined dimensions of height and length of
fillet : “r,” and “r,” respectively.

l— Mill housing centerline

—— Neck o.o.ﬂ—»

S NeckCLf—# ——————— —

Roll barre

Fig. 3-11
Compound
fillet radius

Below are the formulae used to calculate the major and minor
radii for use in practical examples.

dry - 1, (ry = rp)?
rg = fo=ly+ —
3 2 (rp - ry

where :

r, = fillet length
(ry is less than 2.5 r, for practical purposes)

r, = fillet height
r. = major radius

rq = minor radius
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— Mill housing centerline . Figure 3_12 shows the
working diameter, Dy,
and the working length,
Ro”d?aa"e' L, of the neck, which
are used in calculating
the bending stress. An
equal stress curve is
plotted to pass through,
and be tangential to
the major radius of
the fillet. Equivalent
neck diameter and
effective working length
of the neck can
most conveniently be
determined by a
graphical solution.

—— Neck o.o.ﬂ—»

Fig. 3-12
Equal stress Among other fillet designs normally considered, fig. 3-13

curve shows a design where the neck size is relatively small (neck-to-
barrel ratio 40 to 50 %) in order to achieve a large roll turn-
down. In this case, the neck diameter in the fillet area must be
increased in order to keep the neck bending stress within
acceptable limits.

Fig. 3-13

Two types of roll neck bearing mountings are usually considered
according to mill speed and load. TQOW/2TDIW/TDIW
assemblies, where the cones are mounted loose, are appropriate
for speeds up to 600 to 750 m/min (2000 to 2500 ft/min)
depending on loads. Otherwise, TQITS/TDIT/TNAT assemblies
with tight cone fits are needed. In addition, higher product
accuracy is achieved with tight cone fits regardless of mill speed.

o
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3.1.1.3. Loose-mounted cones

THE DIRECT MOUNTING ARRANGEMENT

The most popular type of roll neck bearing is designed around
the direct mounting (DM) concept, either in the two-row (TDI)
or in the four-row (TQOW/2TDIW) configuration (fig. 3-14).

Fig. 3-14
Direct mountings

The cones are mounted with a loose fit which ranges from a
minimum of 0.050 mm (0.002 inch) to a maximum
of 0.600 mm (0.024 inch) according to bore size. Refer to
chapter 6 for fitting practice guidelines.

The primary benefit of the loose fit is the
quick mounting and removal of the
complete chock unit from the roll necks
during roll change.

Since slight creeping may occur between
cone bore and roll neck, this additional
clearance will permit presence of lubricant
to prevent neck scuffing.

Fig. 3-15
Work rolls with
loose-mounted bearings




Axial induced
load

Fig. 3-16

The “Direct Mounting” bearing design shown in
fig. 3-16, requires that the cups are clamped in place
to withstand the axial load induced by the radial load
Fr, within the bearing, and to maintain the built-in
lateral setting which the cup spacer provides.

,,,,, ‘ | --__--[» Axial induced

R load

This “Direct Mounting” design permits the cones to
remain unclamped, which is necessary to enable the
cones to creep freely on the neck. We suggest a
resulting small axial gap of about 0.5 to 1 mm (0.020
to 0.040 inch) between the cone face and the cone
retaining device.

This axial freedom of the cones allows roll thermal
expansion to be absorbed between the bearing and
the roll neck shoulders. Of course, minimum
lubrication of the necks and of the cone bores is
mandatory.

SPEED LIMITS

Loose-fitted TDI and TQOW assemblies have been
selected and applied over many decades on roll necks
of all kinds of mills operating at low to medium
speeds with very satisfactory results. Most of these
mills, depending on the loads applied and
environmental conditions, are operating at speeds up
to 800 m/min (2600 ft/min). We also have experience
with mills running at 1000 m/min (3300 ft/min)
product speed.

Scuffing and wear usually stay within acceptable
limits during the life of the rolls, which is governed
by the roll turn-down. Neck wear and other types of
surface damage are also dependent upon the surface
hardness of the roll neck (typical hardness : 33 Hrc)
and the efficiency of the lubrication applied between
neck and bore.

(s |
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NECK LUBRICATION

Hot mill back-up rolls often stay in the mill for
extended periods of time (several months on
roughing stands), therefore, drillings are often
provided to enable the necks to be easily lubricated
(fig. 3-17).

Fig. 3-17
Neck relubrication through drillings in the neck

The lubricant frequency
and quantity will depend
on the sealing efficiency
of the system.

A range of new lubricants (grease pastes,
sprays,...) has further improved the wear
resistance of the necks.

With an oil-mist or oil-air system, lubricant
can be introduced during operation to the
neck through slots in the faces and holes
provided in the ribs of the inner rings. This
will supplement the initial neck/cone bore
lubrication supplied at roll build-up.

TIMKEN



Fig. 3-18

Spiral grooves in the cone bores can
also help to retain the lubricant
between the neck and inner ring
(fig. 3-18).

Sealing arrangements incorporating
extended cone ribs will allow a
separate lubricant entry to be added
between the fillet ring and the cone
faces as shown in fig. 3-19. This design
may be used instead of the drilled holes
A in the neck.

A
On cold strip mills, where the
environment is less severe than on hot
mills, the back-up roll necks

Spiral groove in experience very little wear even at high

bearing bore

speeds (example : temper mills with product speeds as high as
1000 m/min - 3300 ft/min).

Cold aluminium mills, having operated for years, experience
insignificant neck wear. This results in the operator being able to
regrind the roll body without any need to regrind the neck,
which supports the roll on the grinder.

Separate lubricant entry

-

Extended cone rib

Fig. 3-19
Neck and shoulder lubrication via slots in the cone face
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3.1.1.4. Tight-mounted cones

Loose-fitted inner rings on roll necks are no longer a viable
proposition for rolling speeds above a range from 800 to
1000 m/min (2600 to 3300 ft/min) combined with high rolling
loads, for instance, on cold reduction mills.

The solution is, therefore, to use a two or four-row tapered roller
bearing which can easily be tight-fitted and removed from the
roll necks.

The TQITS type (or its equivalent two-row TNATS) bearing with
a tapered bore is obviously the route to go. Special bearings of
this type (fig. 3-20a) have run at rolling speeds of around
2150 m/min (7000 ft/min).

Fig. 3-20a

This assembly, when mounted in its chock, is usually pushed up
the tapered neck with a hydraulic jack, or hydraulic wedge lock
(fig. 3-20b). It can be removed simply by injecting oil
underneath the cone via drillings and circular grooves provided
in the roll necks. Reference pages 158-166 for more information
on the assembly and removal of tapered bore bearings.

Operating
side
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Hydraulic ring jack

s

Hydraulic wedge lock

Fig. 3-20b

TOIT: | ith . .

hf;rju’;;”j;’;;"ﬁ,;‘;;; The pressure required to seat such bearings can reach up to

hydraulic wedge lock 400 bar (5800 psi) and is determined by the jack piston size
which is normally provided in accordance with the selected
bearing.

This same pressure is also sufficient to remove, individually, each
of the 3 cones comprising the bearing (highest pressure required
for the middle double cone).

We have selected a 1/12 taper for the bearing
bore and neck diameter which provides a
locking taper, but still allows easy removal. We
advise using a heavy interference fit which
permits the desired contact pressure between
neck and inner ring bore to be achieved (the
base cone being the inner one with the
smallest section).

We can also use decreasing levels of
interference fits for each of the 3 cones so that
the contact pressure level defined on the inner cone is not
exceeded. The push-up force and the hydraulic jack required can
therefore be decreased. Such a decrease permits also the design
of a narrower neck extension and hinged ring while still keeping
the stresses within acceptable limits when the push-up force is
applied (“E” on fig. 3-20b above).

.'“ \
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THE INDIRECT MOUNTING ARRANGEMENT

The indirect mounting arrangement “IM” (fig. 3-21),
two-row version (TNAT type) or four-row version
(TQIT type), can
be selected this
time due to the
fact that tight
mounted cones
are preferred.

Fig. 3-21
Indirect mountings

With such an indirect mounting design the final
endplay is obtained after mounting. In this design
the cones are clamped axially in order to set the
bearing and to withstand the
induced axial load. It is then not

necessary to clamp the cups, | Fa;

Fai

except for axial roll location

(fig. 3-22). $
<1

Fig. 3-22
Axial induced loads Fa;

Some of the advantages offered by the TQIT type
bearing are the following :

e higher roll neck rigidity due to increased spread of
effective centers ; hence additional stability which
maintains better contact between rollers and races,
thus better load distribution over the rows,

e cups can be kept unclamped in one of the two
chocks and can therefore float in the “lubricated”
chock bore. Hence less load due to the overturning
moment created by this chock when it moves
axially in the mill frame window when roll
expansion takes place,

TIMKEN



e the tapered design concept in the bearing bore like
the tapered rollers in the bearing itself (load zone
control, good load sharing,...) enables the required
nominal interference fit to be achieved within a
very small tolerance range (for instance, only about
3 % of the fit for large bearings) (fig. 3-23). This
means that the mounted internal bearing clearance
is obtained within the same small tolerance range as
the interference fit which governs the expansion of
the cone races.

This very precise internal clearance is also essential
for high-speed mills, with lubrication systems
supplying only small quantities of oil to the bearing
like oil-mist or oil-air systems. It will in fact help to
better control the operating temperature,

X = push-up tolerance = fillet ring length tolerance + cone bore tolerance (expressed axially)

X
Y= Rt radial expansion tolerance

Example : for a TQITS of about 850 mm bore (about 34 inch), the interference fit required is

+0.051 *0.051

of about 0.65 mm (about 0.025 inch) andY = —————— = *¥0.008 mm (0.0003 inch)

Fig. 3-23

Tight control of
the interference
fit

12

e in heavily loaded applications, inner ring bore
growth can occur after several years of operation.
The corresponding loss of interference can easily be
compensated for by reconditioning your bearing
(regrinding of the inner ring faces). Note that the
same interference loss would not be recoverable
with straight bore bearings,

e possibility to readjust or change the initial setting, if
required, due to a further increase of original
maximum mill speed, by a simple operation of
spacer re-sizing. Sizing differently the cup spacers is
also a possibility to optimize load sharing.

7
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The TQITS can also be supplied as an

which provides the potential to

extended inner ring version (TQITSE)

incorporate a sealed system between
chock and bearing (fig. 3-24).

Some of the advantages of the TQITSE are :

e no risk of damage to the lip seals during
assembly,

o the lips of the seals can be pointed
outwards in order to prevent coolant

entries, Fig. 3-24

TQITSE
e at every roll change, the seal lips stay on the same ground,
concentric and hardened bearing surface.

BEARING “RUNOUT”
(Precision grade roll neck bearings)

For high speed strip mills (and others as
well) usually rolling light gauges for can
stock..., the demand for high rotational
accuracy back-up roll bearings has become
an obvious must. Today’s trend is to achieve
strip thicknesses within a tolerance of
less then 0.005mm @(.e. +0.0025 mm ;
+ 0.0001 inch).

We presently supply precision back-up roll
bearings with runouts which enable you to
match and even surpass the above market
needs.

Our processes allow us to manufacture and control the wall
thickness variation of the inner and outer ring races to within a
few microns as well as to control the roller diameter variation
within each bearing row.

TIMKEN



In addition, we identify
w the high spot of each

individual inner ring by

marking it with a

Roll barrel

copper dot. This allows
you to achieve an even
higher precision within
the “bearing-roll”
system by matching the
roll body and the inner
ring high spots when
the chocks are fitted on

the roll necks (fig. 3-25).

Fig. 3-25
Achieving the best total runout

For high speed and often pre-stressed rod and bar mill stands,
TQITS(E) or TNAT(E) bearings (fig. 3-26) with floating cups, are
the ideal choice due to their excellent radial clearance control,
and also with the current demand for always achieving better
product tolerances on these types of mills.

Inspection hole (to be plugged)

E - 1 i Fixed position

Fig. 3-26
TNAT mounting

.fh'gx
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Our range of typical work roll bearings
is much more diverse as far as the
bearing angles are concerned,
compared to our range of heavy duty
back-up roll bearings.

The work roll bearing has also a smaller
section height and a much narrower
width than a back-up roll bearing
(fig. 3-27). This is due to the fact that

/l Typical back-up roll envelope

Typical work roll envelope

loads are much less significant on work
rolls, and because the chock sections in

the vertical plane are very thin on the  Fig 327

pass line side as well as on the opposite  Relative bearing envelopes

side where the work roll is backed up.

In order to achieve a 10 % average roll turn-
down, these vertical chock sections represent
about 12.5 % of the bearing outside radius, and
sometimes, can be even smaller (fig. 3-28).

On top of that, the neck diameter can vary
greatly according to the material used for the
rolls. Today, with the new materials used on
the rolls, the neck-to-barrel ratio ranges around
45 to 50 % for cold mills where steel rolls are
considered, and around 55 to 60 % for hot
mills where various grades of cast iron rolls
are used (past neck-to-barrel ratios were more
likely 55 % and 62 % respectively).

12.5 % of OD for symmetrical chocks
2

Alternative 10 % on pass line side
15 % on opposite side
for non-symmetrical chocks

Fig. 3-28

Loose-mounted bearings

Due to frequent work roll
changes, easy and fast
mounting and removal of
the chock-bearing system is
mandatory. The loose-fitted
four-row type bearing as
described in the previous
chapter 3.1.1.3., is the most

widely used solution for

both cold and hot strip mills

rolling steel and non ferrous

materials (fig. 3-29).
Fig. 3-29

Loose-fitted 2TDIW mounting



The loose-fitted concept is
common practice in the
industry regardless of the
rolling speed. Neck wear
stays most of the time within
acceptable limits and is not
an important factor
influencing roll life.

On cold mills with steel rolls,
although speed and roll lives
are higher, neck wear is
generally not a problem. A
minimum amount of lubricant
between neck and bearing
bore has always minimized
this phenomenon.

Only for a few high speed aluminium mills, it has been decided
as a preventive manner to go along with tight-mounted tapered
roller bearings.

Many existing mills have been designed with steeper angle work
roll bearings compared to the back-up roll bearings. K factors
ranging from 1 to 1.8 give enough axial rating to the four-row
assembly in order to cope with the axial loads induced by
“uncontrolled” roll crossing. Regular maintenance of the lateral
chock wear plates limits the negative effect of this phenomenon
on bearing life. These bearing selections can withstand axial
loads equivalent to approximately 1 % of the rolling load.

The need for closer tolerances and higher quality finished
product demands new rolling processes and production methods
which increase the loads on the work roll bearings.

Roll bending and axial shift system are two examples that we
will review in more detail.

.ﬁ'\a
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3.1.2.1. Work roll bending practice

Greater loads are applied to the work roll chocks through
positive and negative roll bending practice. This practice was
introduced some 2 to 3 decades ago on cold strip mills in order
to improve the strip shape and flatness qualities. During the past
decade, bending loads have also been applied on hot strip mills

to further improve the product quality.

“Quick roll change” devices were also introduced over the years,
changing significantly the chock design (fig. 3-30). Loads are
now applied differently to the chocks via pistons housed in the
“piston block” which is fixed in the mill frame window.

|
g =

- : negative bending
+ : positive bending

Fig. 3-30
Work roll chock designs

Bending loads (per chock) of about 60-80 metric tons on cold
mills and up to 150-200 metric tons on hot mills are now

currently used.

This, in combination with smaller chock
sections, illustrates the fact that work roll
bearing selection is no longer a routine as in the
past when only balancing loads were applied.

Therefore, a more in-depth analysis (Finite
Element Analysis or equivalent) sometimes has
to be conducted in order to evaluate if the
theoretical calculated life is still acceptable. This
FEA has often shown 10 to 15 % life variation
versus catalogue calculation due to the chock
bore deformation which takes place with these
higher applied loads (fig. 3-31).

i A
-3 -

Fig. 3-31
Typical load distribution with
negative bending
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Such analysis has shown that the thin chock sections “a
(fig. 3-32) in the vertical plane are not the only important
ones under a higher loading cycle. The lateral chock sections “b”

and particularly the position “c” of the flange relative to the
bore where the load is applied are very critical too.

NOTE : Finite element analysis even showed that
roller load distribution could be improved
significantly with slightly smaller chock sections
than usual, considering the 12.5 % roll turn-down
coefficient.

a=0.0625xD )
b=0.1xD Fig. 3-32
Work roll chock sections

This emphasizes the fact that the neck size should be evaluated
according to roll material and roll torque to enable the selection
of the smallest possible bearing bore (neck-to-barrel ratios
~ 4550 % for cold mills, 55-60 % for hot mills). This will then
leave enough available material on the chocks to strengthen the
sections in the vertical plane whenever it is technically feasible.

The fourrow tapered roller bearing of the TQOW type (or 2
TDIW type) is still the preferred solution throughout the
industry, due to its characteristically superior load sharing and
load zone control.

The six-row tapered roller bearing can also be considered in
order to achieve the bearing rating required when strong necks
are mandatory with minimum roll diameter without sacrificing
the chock sections.

Such six-row bearings are already in use on the work rolls of
several hot and cold aluminium mills and are also now designed
into 4-high steckel mill work rolls.

With the usual retaining device, spacer + nut + split hinged ring,
it is necessary at the mounting stage to tighten the nut in order
to get all pieces in contact axially (fillet ring - bearing inner rings
and spacer - outside spacer - nut system - split hinged ring as
shown on fig. 3-17). Then, it is essential to unscrew the nut in
order to leave an axial clearance of about 0.5 to 1 mm (0.02 to
0.04 inch) to enable free inner ring rotation (see also
chapter 5.1.).

GO0
3. Selection of your bearing  \Y J



In the case of the 2TDIW concept
(without cone spacer), the tolerance on
overall inner ring width is controlled
(see tabulation chapter 6) so that it
makes it possible to eliminate the nut
system and therefore the manual screw-
unscrew operation. In this case, the only
pieces needed to hold the bearing in place
on the neck are the outside abutment
ring (used also for seal seat) and the split
hinged ring (see fig. 3-33).

Fig. 3-33

This retaining system also provides
security. It ensures that the cones are
kept free axially with the
recommended clearance.

SEALED ROLL NECK BEARINGS

The trend towards Sealed Roll Neck
Bearings (within the same overall size as
the unsealed version) started in the late
70’s. It developed and grew rapidly among
operators, in particular on hot mills over
this last decade.

=

THE 2 or 3 TDIW CONCEPT (no
inner ring spacer), AN ADVANTAGE
WHICH SIMPLIFIES THE NECK
CLAMPING SYSTEM AND REDUCES
THE MOUNTING TIME.

Fig. 3-34 ‘
“Two in one”

main seal




This change was mainly driven by the need to drastically reduce
grease consumption and maintenance costs. Chocks no longer
need to be re-greased at each roll change as previously practiced,
allowing also for cleaner mills and less contamination of roll
coolants...

Re-greasing has now been extended by the operators to a
frequency of about 500 to 1000 hours on cold mills. In addition
general bearing inspection intervals have been extended to every
1000 to 1500 hours.

Furthermore, with the limitation of outside contamination and
improved lubricant retention inside the bearing, enhanced
greases have been developed. This should lead to an
improvement in bearing performance if the “loads-bearing
rating” ratio remains the same and if an adequate maintenance
level is retained on the chock-bearing-neck system.

The possibility now to propose such enhanced greases is of
particular importance not only for hot mills where rolls are
abundantly water cooled, but also for high speed cold mills
where the expected operating temperatures of the bearings are
significant, namely around 100 °C (212 °F) or more.

The fact that the seals are built into the bearing at each end
allows the seals to remain on their rubbing seats during frequent
roll changes with no risk of damage. Nevertheless, the use of
such bearings still requires a correct and well maintained chock
sealing arrangement, particularly at the roll barrel face side.

(For more information, see also chapter 4.2.).

THE SEALED “CHOCK-BEARING” SYSTEM

Fig. 3-35

The space necessary for the seal, even if small, often requires a
small decrease in bearing rating. Another solution to avoid any
decrease would be to use at the design stage, a four-row bearing
with extended inner rings (TQOWE or 2TDIWE type) which will
provide a sealed “chock-bearing” system (fig. 3-35).

i
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3.1.2.3. Axial roll shifting systems and others

The introduction of axial shifting (fig. 3-36), roll
crossing, or any other concept to further enhance
strip shape and flatness, is another reason for
paying much
more attention to
the selection of

the bearing ) ]
arrangement.
H o,

Fig. 3-36
Axial shift
system

With these additional axial loads combined with the
increased bending load, a separate axial bearing
position might be required in order to still achieve
satisfactory bearing performance.

Nevertheless, several mills equipped with such axial
shift systems are still just mounted on fourrow
TQOW type bearings. These bearings then need a
steeper angle to withstand the additional axial load.

For work rolls where higher axial loads up to 100
tons are used, the solution is to provide a separate
axial tapered roller bearing on the fixed chock
position (fig. 3-37).

|:i —

Fig. 3-37

Separate axial
position in
case of high 1

axial loads




In those cases where a separate axial bearing is used,
increased radial rating bearings can be selected with
“K” factors ranging from 1.7 to 2.

Fig. 3-38
Combined axial and radial position with a six-row bearing assembly

A six-row assembly
would also increase the
overall available axial
rating and therefore,
from the detailed loading
conditions, we could
evaluate if a separate
axial bearing is still
needed (fig. 3-38).

3. Selection of your bearing
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As the axial load can act in both directions, a two-row
double acting thrust bearing is usually required.
Presently, two-row tapered roller bearings of the
Direct Mounting arrangement (TDIK type bearing, fig.
3-39) are mainly selected for the work rolls of hot
mills where grease is the usual type of lubrication.

These steep angle
bearings with K-
factors generally
below 1, usually
have sufficient axial
rating to cope with
the increased loads.
The outer rings are
mounted in the
chock with a
substantial radial
clearance in order
to relieve it of radial
loads (see fig. 3-39).

As noted in Figure 3-39, piston/spring assemblies are
integrated into the cups. The pistons protrude from
each of the two cup backfaces to provide proper
bearing preload. The distance from the cover's flange
face to the chock shoulder must be controlled to
establish this "spring preload". Generally, this distance
should be 0.500mm (0.020") larger than the width
measured over the cup backfaces neglecting the

springs.

| S—

Fig. 3-39
Separate axial position with
a TDIK bearing
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For this axial position, where the load is acting
in both directions, it is also essential to seat the
unloaded row in order to ensure proper contact
between the rolling elements and therefore,
perform safely with no risk of bearing cage
failures, roller skewing,...

This is easily achieved by loading both cups
axially with springs housed in the cup housing
shoulders or even better, directly in the cups as
shown on fig. 3-39.

~

Fig. 3-40
— Separate axial position with
a TTDWK bearing

For cold mills where the speeds are much
higher, an oil lubrication is usually provided at
the axial position. The TDIK solution, depending
on load and speed conditions, can be considered
with the same lubrication as the radial bearing
(grease/oil-air/oil-mist).

The TTDWK type double acting thrust bearing
(fig. 3-40) offering higher axial ratings than the
TDIK type bearing is an alternative choice when
very high axial loads are anticipated.

ﬁﬁ'gﬁ
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3.1.2.4. Bearing lubrication

Hot and cold strip mill work roll bearings were traditionally
grease lubricated for medium strip speed, whereas bearings
for high speed cold strip mills and hot and cold aluminium
mills were oil-mist lubricated.

Over the last decades, work roll bearings of existing cold
steel mills, originally oil-mist lubricated and operating in
most cases at speeds up to 1800 - 1900 m/min (6000 to
6300 ft/min), are now also grease lubricated due to the
introduction of fast roll change devices with no connected
lubrication pipes.

New high speed cold aluminium mills are however
still designed to be oil lubricated but more and more with
an oilair system offering greater reliability (see also
chapter 4).

3.1.2.5. Neck lubrication

An enhanced barrel side sealing arrangement with sealed
bearings is still important to minimize coolant entry which
could reach the necks, particularly, on mills where chocks
are kept on the roll necks during roll barrel grinding and
where these necks are not frequently coated with grease
during roll changes.




Drillings are therefore often
provided in the necks to be able
to bring fresh grease to the
bearing bore. This is also
important on high speed cold
mills in order to prevent the
cones seizing on the necks. In this
respect oil-mist or oil-air
lubrication systems allow the neck
to be continuously fed with some
oil during operation.

Spiral grooves are commonly provided in the cone bore of roll
neck bearings to help retain lubricant between the neck and
inner ring. Special lubricant pastes and sprays can also be used
to help minimize neck wear.

Fig. 3-41

A barrel side sealing arrangement as shown on fig. 3-41, with a
loose-mounted fillet ring is an interesting alternative design
and would enable a more claborate sealing arrangement to be
incorporated.

This loose-mounted fillet ring, remains a part of the chock
assembly unit allowing the main chock seals to be kept on their
seats during roll changes. These fillet rings must, of course, be
prevented from rotating and sealed (to avoid any contaminant
entering between neck and fillet ring bore).
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3.1.3. Bearing related parts

3.1.3.1. Fillet ring designs

The fillet ring will locate the
bearing and chock on the neck.
Its design depends on the
available space and on the level
of sealing desired.

To show all of the possible
variations would be impractical.

However, a number of
arrangements (fig. 3-42) have
been used successfully over the
years to meet various types of
operating conditions. Most of
these are made up with one
or two radial lip seals in
combination with an axial
“V-ring type” seal or a labyrinth,
especially for wet rolling.




Radial lip seals are used in both horizontal
and vertical applications. Seal manufacturers
have developed these seals to solve the
lubrication problems found by rolling mill
operating and maintenance departments. In
the case where two radial lip seals are used
as a unit, a lubricant entry between the two
seals is required.

The fillet rings are generally mounted on
the roll neck with a tight fit. This solves the
problem of stopping the fillet ring rotating,
and also helps to prevent the entry of
rolling solution through the fillet ring inside
diameter.

The fillet rings can also be mounted with a
loose fit in order to use them on several
rolls and thus limit their number (fig. 3-43,
see also 3-41).

In this particular case, the fillet ring will
form a unit with the bearing and the chock.
A static “O” ring seal has then to be
provided between the fillet ring and the
neck to prevent entry of rolling solution. A
key system is also incorporated to stop the
fillet ring from rotating.

Fig. 3-43
Removable fillet ring design (stopped against rotation)

fﬁn\
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3.1.3.2. Inner ring retaining devices

The complete bearing assembly is held in place with
a nut fitted over a keyed and threaded retaining ring.
This ring is backed by a split hinged ring mounted in
a groove on the roll neck extension (fig. 3-44).

Fig. 3-44
Retaining device with standard nut, threaded ring and split hinged ring

This device is typically used with either loose or tight
fit mounting.

Mounting and dismounting are rapidly achieved, as
only a few nut revolutions are needed for assembly
and only half a turn for disassembly. After the split
hinged ring is removed, the nut and threaded ring can
be taken from the neck as a unit. The bearing and
chock assembly can then be removed from the neck.
The detailed procedures relating to loose fit and tight
fit mountings are explained in chapter 5.1.

Fig. 3-45

TIMKEN



Figure 3-45 shows an alternative device which could
be considered where only a short neck extension is
possible due to space limitations. Such an
arrangement is often used on changeovers from other
types of bearings.

On back-up rolls, an end-plate design can also be
considered as shown on fig. 3-46.

|
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Fig. 3-46
End-plate design

Figure 3-47 is another alternative device which could
be considered on driven work rolls where the largest
extension coupling diameter is to be retained.

In order to further improve the mounting and
dismounting time, and at the same time to reduce the
cylinder cost, non adjustable systems as shown on fig.
3-33 are now used with the two or three TDIW
bearing concept.

Fig. 3-47

Retaining device to avoid
significant roll neck
diameter decrease

GR0
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Bearing selection not only
takes into account the
available bearing space
but also the expected life
of the bearing. This
chapter deals with life
calculation and clarifies
the different ways this
calculation can be
accomplished and refined.

3.2. Bearing life

3.2.1. Basis for calculation

Bearing life is defined as the length of time, or the
number of revolutions, until a fatigue spall of a
specific size develops. This spall size, regardless of
the size of the bearing, is defined by an area of 6 mm?
(0.01 inch?. However, due to the large size of rolling
mill bearings, they can operate beyond this limit and
we can expect a much greater life than calculated.
This life depends on many different factors such as
loading, speed, lubrication, fitting, setting, operating
temperature, contamination, maintenance, plus many
other environmental factors.

Due to all these factors, the life of an individual
bearing is impossible to predict precisely. Also,
bearings that may appear to be identical can exhibit
considerable life scatter when tested under identical
conditions. Remember also that statistically the life of
multiple rows will always be less then the life of any
given row in the system. For rolling mill bearings
where it is impossible to test a large number of
bearings, the long experience of The Timken
Company will help you in your bearing life
calculation.

TIMKEN



Percentage of bearings not surviving

20 —

15 —

10 —

3210 Ly life

Lo life is the life that 90 percent of a group of apparently
identical bearings will complete or exceed before the area of
spalling reaches the defined 6 mm? (0.01 inch?) size criterion.

If handled, mounted, maintained, lubricated and used in the
right way, the life of your tapered roller bearing will normally
reach and even exceed the calculated L, life.

Rated Life
Lo

1 2 3 4 5 6 7 8 9 0 11 12 13 14

Life in multiples of rating life, Lg

Fig. 3-48
Theoretical life frequency distribution of one hundred apparently identical bearings
operating under similar conditions

If a sample of apparently identical
bearings is run under specific laboratory
conditions, 90 percent of these bearings
can be expected to exhibit lives greater
than the rated life. Then, only 10
percent of the bearings tested would
have lives less than this rated life.
Figure 3-48 shows bearing life scatter
following a Weibull distribution function
with a dispersion parameter equal
to 1.5.
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3.2.1.2. Bearing life equation

As you will see it in the following pages, there
is more than just one bearing life calculation
method, but in all cases the bearing life equation
is :

c\103 B
L10= = X—x a
P n

L1 in hours

C = radial rating of the bearing in N or Ibf;

P = radial load or dynamic equivalent radial load applied on the
bearing in N or Ibf. The calculation of P depends on the
method (ISO or Timken) with combined axial and radial
loading ;

B = factor dependent on the method ; B = 1.5 x 108 for the Timken
method (3000 hours at 500 rev/min) and 109/60 for the 1SO
method ;

a = life adjustment factor; a = 1, when environmental conditions
are not considered ;
n = rotational speed in rev/min.

This can be illustrated as follows :

e Doubling load reduces life to one tenth. Reducing
load by one half increases life by ten,

» Doubling speed reduces life by one half. Reducing
speed by one half doubles life.

In fact, the different life calculation methods
applied (ISO 281, Timken method...) differ by the
selection of the parameters used (i.e. the Timken
formulae is based on 90 million revolutions,
whereas the others are based on 1 million
revolutions).

3.2.2. Bearing ratings

Depending on the life calculation method used, the
bearing ratings have to be selected accordingly. The
“C,” rating, based on one million revolutions, is
used for the ISO method, and the “Cy,” rating,
based on 90 million revolutions, is utilized for the
Timken method.

The Timken rating is also published based on 1
million revolutions :

C1 = C90 X 3857




This will enable you to make a direct comparison between
Timken bearings and those using ratings evaluated on a basis of
1 million revolutions. However, a direct comparison between
ratings of various manufacturers can be misleading due to
differences in rating philosophy, material, manufacturing and
design.

In order to make a true geometrical comparison between the
ratings of different bearing suppliers, only the rating defined
following the ISO 281 equation should be used. However, by
doing this, you do not take into account the different steel
qualities from one supplier to another.

This bearing rating equation is published by the International
Organization for Standardization (ISO) and AFBMA. These ratings
are not published by The Timken Company nor by any other
bearing manufacturers. However, they can be obtained by
contacting our company.

The basic dynamic load rating is function of :

C,=bp,

(* see fig. 3-49)

X fc x (i x Lwe x COS a)7/9 x Z3/4 « Dwe29/27

radial rating in N

material constant (ISO 281 latest issue specifies a factor of 1.1)
geometry dependent factor

number of bearing rows within the assembly

effective roller contact length in mm *

bearing half-included outer race angle *

number of rollers per bearing row

mean roller diameter in mm *

pitch diameter of roller set in mm *

Mean roller diameter

Pitch
diameter

\
Roller Half included
—teffectivet— - —— - —— - ——= I _
| outer race angle
ength

Fig. 3-49
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D. . cos o " Table 3-50
- MaXIm-um o fc
D for radial roller
pw bearings
0.01 52.1
0.02 60.8
0.03 66.5
0.04 70.7
0.05 74.1
0.06 76.9
0.07 79.2
0.08 81.2
0.09 82.8
0.10 84.2
0.1 85.4
0.12 86.4
0.13 871
0.14 877
0.15 88.2
0.16 88.56
0.17 88.7
0.18 88.8
0.19 88.8
0.20 88.7
0.21 88.6
0.22 88.2
0.23 87.9
0.24 875
0.25 87.0
0.26 86.4
0.27 85.8
0.28 85.2
0.29 84.5
0.30 83.8
1) Values of f, for intermediate values of
Dye COs a . . . .
Db are obtained by linear interpolation.
For dm:b‘e row bearings in which both
rows are loaded equally, the two-row
nsiders the system life of the
assembly as follows :

Cr(z) =] 27/9 X Cr or Cr(z) = 171 X Cr

&

er bearings this system
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Even though the ISO method
allows you to compare
different bearing suppliers, the
basic philosophy of The
Timken Company is to provide
you with the most practical
bearing rating for your bearing
selection process. Since 1915
The Timken Company has
developed and validated
a specific rating method for
its tapered roller bearings.

The published Timken Cgy
ratings are based on a basic
rated life of 90 million
revolutions or 3000 hours at
500 rev/min.

To assure consistent quality worldwide, we conduct extensive
bearing fatigue life tests in our laboratories. These audit tests
result in a high level of confidence in our ratings.

The basic dynamic load rating is used to estimate the life of a
rotating bearing and is a function of :

Cgo= MxHx (i x Leff x COS a)¥® x 7710 Dwe16/15

Cygg = radial rating in N

M = material constant

H = geometry dependent factor

i = number of bearing rows within the assembly
Le = effective roller contact length in mm *

a = bearing half included outer race angle *

Z = number of rollers per bearing row

Dwe = mean roller diameter in mm *

(* see fig. 3-49)
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A rating based on 90 million revolutions is more
realistic as most applications equal or exceed this
duration.

For double row bearings in which both rows are
loaded equally, the two-row rating considers the
system life of the assembly as follows :

C90(2) =245 x C90 or Cgo(z) =174 x C90

The basic radial load rating of a four-row assembly is
taken as two times the double row rating :

Coo(4) = 2 x Cgg(2)

and for a six-row assembly as three times the double
row rating :

Cao(e) = 3 x Cop(2)

The Timken Company also publishes K factors for its
bearings. This factor is the ratio of basic dynamic radial
load rating to basic dynamic thrust load rating of a
single row bearing :

C
K = 90

Cago

The smaller the K factor, the steeper the bearing
cup angle (fig. 3-51). The relationship can also be
geometrically expressed as :

K = 0.389 x cot a
a = half included outer race angle

[0} \ \
\ o
\ \
\ \
\ \
\ \
\ \
_ _ N B .
| |
a) Shallow angle for b) Steep angle for
predominant radial load predominant thrust load

Fig. 3-51
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3.2.3. Ly life calculation S

The traditional approach to bearing life calculation
begins with the determination of ap'ﬁlged forces and
calculation of a bearing dynamic eﬁ_t_livalent radial

load (P).

In rolling mill applications, the determination of the
applied forces is dependent on a wide range of
conditions given by your rolling schedules. It woul
therefore, not be adequate to develop a standa
calculation only based on the maximum load usually
given. A realistic estimation of the bearing life canM
only be achieved on a project basis through a close 4
partnership with your engineering departments.
However, our previous experience with similar
applications can provide a good starting point for
initial evaluation.

Back-up roll bearings generally take the rolling load
plus all the other loads generated in the system. The
work roll bearings take the balancing load and
positive/negative bending forces (f they exist). In
some new mills, they also take the axial loads
induced by the roll crossing and/or by axial shift
systems. These axial loads can represent 1 to 5 % of
the total rolling load depending on the system used.

When the applied loads on the
bearings are known and the load
cycle well defined, the life
calculation will be more in
line with the real bearing
performance.

Ry
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3.2.3.1. Single row bearing

Tapered roller bearings are ideally suited
to carry all types of loads : radial, axial
or any combination. Due to the tapered
design of the bearing, a radial load will
induce an axial reaction within the
bearing which must be equally opposed
to avoid separation of the inner and
outer rings.

The ratio of the radial to the axial load
(external axial load and induced load),
the setting and the bearing included cup
angle determine the load zone in a given
bearing. This load zone is defined by an
angle which delimits the rollers carrying
the load. If all the rollers are in contact
and carry the load, the load zone is
referred to as being 360 degrees.

Y = Load zone

Fig. 3-52
Bearing load zone

In the case of combined loads, a
dynamic equivalent radial load must be
calculated to determine bearing life. The
equations presented below give close
approximations of the dynamic
equivalent radial loads. More exact
calculations using computer programs
can be made that take into account such
parameters as bearing spring rate,
setting and supporting housing stiffness.
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Combined radial and thrust load

Design (external thrust, F,, onto bearing A)

Bearing A

Bearing B

1
/
1
1
/
i

N 7«| Bearing A

Fra
ISO method Timken method

Thrust condition
0.5Fp - 05F;5 N

Thrust condition
05F . 05Fp N

Thrust condition
0.47 Fp - 0.47 Fig

Thrust condition
0.47 Fp . 0.47 Fig N

F F F F
YA YB ae YA B ae KA KB + ae KA KB ae
Net bearing thrust load | Net bearing thrust load Net bearing thrust load | Net bearing thrust load
05F;g 0.5F 0.47 F,g 0.47 Fp
Fan= YBr + Fae Fan= YAr Fan= KBr +Fae Fan= KAr
05F;p 0.5F 0.47 F,g 0.47 Fip
Fa= yBr Fa= YAr - Fae Fa= KBr Fa= KAr - Fae
Dynamic equivalent Dynamic equivalent Dynamic equivalent Dynamic equivalent
radial load radial load radial load radial load
Bearing A Bearing A Bearing A Bearing A
. PA; Fra o PA_= Fra o Pa=0.4F,+KyFop o Py=Fs
if A <ea, B?Da”ng B if Pa<Fra, Pa=Fia Bearing B
rA erp=rep . _
o Pa=04Fa+YsFop . Fp Bearing B o Pg=04Fg+KgFzg
F ? if —==¢8 o Pg=Fyg if Pg<F,g,Pg=Fyg
if —2A >ep, Frg i LY r
FrA ° PB =04 FrB + YB FaB
Bearing B if ﬁ >eg,
*Pg=Fgp Frs
Ly, life " L1o life
C
_ 08 (Coaf10R ) Lioa = %) x3000x 2% (hours)
10A760n| Py A
CooB 10/3 500
106 [Cqp {103 Liog = (i) x3000x —— (hours)
Liog = g5 Py (hours) [ Pg n

ISO 281 factors

e =15 tan «
Y =04 cot a
Y, =045 cot «a
Y, =0.67 cot «

(00
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3.2.3.2. Two-row bearing

Thrust load only

Design (external thrust, F,, onto bearing A)

Bearing A

7'7«|§e7aring A

Fae,
ISO method Timken method
Thrust condition Thrust load Thrust condition Thrust load
FaA = Fae FaA = Fae FaA = Fae FaA = I:ae
Fap=0 Fap=0 Fap=0 Fap=0
Dynamic equivalent
load
Pa=YaFan
Pg=0
Lo life Ly life
106 [ C; A)w/s (Ca oon |03 500
=——\5 = 3000x—— (h
10A= Gon ( Py L1oa o X X— (hours)
_ 106 C1B 10/3 _ CaQOB 10/3 500
10B = 60n ( PB L1OB = FaB x 3000 XT (hOUfS)

TIMKEN




Design (external thrust, F,, onto bearing A)

F F
FraB I:rC i rc
[ + +
i 1 Bearing A Bearing B
Bearing A * * Bearing B i Bearing C earing SR | Bearing C
J
Fixed bearing F FI(;ating bearing Fixed bearing Fae Floating bearing
<26
ISO method Timken method

Thrust condition
Fis e
Frag

Dynamic equivalent
radial load

o Pag=Frap + Y1aB Fae

Thrust condition
F
Frag

ae

>e

Dynamic equivalent
radial load

o Paop=0.67 Fag +Yoag Fae

Thrust condition

6F
>°6 rAB

Fae KA

Dynamic equivalent
radial load

° PA =04 FrAB + KA Fae

Thrust condition

0.6 Fap
Fie = —KAr

Dynamic equivalent
radial load

o PA= 0.5 FrAB+0'83 KA Fae

.PC=FrC .PC=FrC
L10 life

108 [C 10/3

10AB= —— 2120 (hours)
60n PAB
106 [C 10/3

10C =L 12 (hours)
60n PC

o Pg=0 o Pg=05F,5-0.83 Ky Fye
e Pc=Fic o Pc=F¢
Lyo life
Lioa= CS_OAA % s 3000 XE;:_o (hours)
Lyog = C;_EB % s 3000 x5r?_0 (hours)
Lioc= C‘°’P°—g)° 0/3x3000x¥ (hours)

Cy (2) = dynamic radial load rating for 2 rows

[
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PURE RADIAL LOAD

In the case where the axial load is too high, an additional thrust
bearing is required to take this axial load. Then the four-row or
six-row bearing is just carrying radial loads. In this case the life
calculation is done by taking P equal to the radial load and by
using the dynamic radial rating for 4 or 6 rows, which in fact,
defines the system life of the bearing assembly. We can also have
a close approximation by calculating the life in considering one
fourth or one sixth of the radial loads and using the dynamic
radial rating for one row.

COMBINED RADIAL AND AXIAL LOADS

When no additional thrust bearing is used, we consider that the
life of the four or six-row bearing is almost equal to the life of
the heaviest loaded pair of rows. Then refer to life calculation
for a two-row bearing.

4-row case :

Due to the manufacturing tolerances in the bearing, we consider
that for a fourrow bearing the radial load is equally shared
between each pair of rows and that the axial load is shared 40 %
on one pair and 60 % on the other pair. The heaviest loaded pair
takes in this case 50 % of the radial load and 60 % of the axial
load.

6-row case :

We consider that the radial load is equally shared on each pair of
rows and that one of the 3 pairs takes 40 % of the thrust load
and the 2 others 30 % each. The heaviest loaded pair then takes
33 % of the radial load and 40 % of the axial load (fig.3-53).

100 100

50 50 33 33 33

100 —ff——-60 |- —— 40— 100 -——--40+{——-30—++- ——-30-

Fig. 3-53

The example shows direct
mounted pairs (TQO, 3TDIW...)
the same will apply to indirect
mounted pairs (TQITS...)




Rolling mills never work in only one defined
condition. Therefore we need to calculate the life of
the bearings at different

100 loads/speeds/duration and
Liowt = summarize the results in a
T, T, T, . . .
L weighted bearing life, L;gwt
Liogr) Lo L1o(n) After the load cycle is
defined (loads, speeds and
where : percentage of time), the
weighted L, life is obtained
n = number of load conditions as shown left.
T = percentage of total load cycle time
L1oii) = Lo life at each condition
Liowt = weighted bearing life

Contact
stress

2750 MPa
(400 ksi)

Acceptable
limit

In some applications like continuous casters for
instance, the speed of rotation is very slow (1 to 5
rev/min). Moreover in these types of applications,
the loads are generally very high. Therefore,
calculating bearing life does not provide correct
information.

In these cases we calculate the contact stress
profile between the rollers and the races with our
Select-A-Nalysis tool. If the maximum stress is higher
than 2750 MPa (or 400 ksi), we will provide you with
a bearing having a modified internal geometry. This
geometry will better balance the stress along the
contact line (fig. 3-54).

A rough guideline that can
be used to determine

Standard profile whether a modified profile is

needed, is to calculate the

Modified profile P/Cy factor. If this factor is

............. / greater than 3, then you may

require the special profile. In
such a case, please contact
The Timken Company for
more in-depth analysis. Note
that these bearings are
generally supplied with solid

Raceway length

rollers (stamped cage, pin

Fig. 3-54

type cage with pins outside
the rollers or cageless).

Stress distribution along the roller raceway

30
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With the continuous improvement in our life analysis tools, we
can now more accurately predict “true” bearing life as we
consider the critical environmental factors that influence your
application’s performance. These factors must be carefully

considered in the bearing selection process.

The L, life calculation shown above is based on a 150 degree
load zone and a misalignment of less than 0.0005 radian.

The load zone, which has direct
influence on bearing life, is directly
linked to the endplay/preload in
the bearing (i.e. an endplay of zero
is equal to a 180 degree load zone).
Adjusting this endplay/preload,
and so the load zone is called
“bearing setting”. Most of our
bearings (2 rows or more) are preset

assemblies, the setting being generally achieved through spacers.
For single row bearings you have to achieve the correct setting

by using for example shims.

As is it not possible to measure the setting under operating
conditions, a common approach is to calculate the operating
setting by taking into account the initial bench setting, the
interference fits and the thermal expansion in the system.

Generally maximum life is obtained when the bearing is

operating in slight preload (fig. 3-55).

Bearings are typically
set-up in endplay at
assembly, so that
when the unit reaches
a stable operating
temperature, the final
bearing clearance will
be as close as possible
to the desired setting.

Heavy preload

A computer analysis
can be provided to
show the influence of
preload or endplay on
bearing life.

Light preload

Mounted setting (including the fitting effect)
+
Temperature effect (< 0 or > 0)
+
Elastic deformation in the bearing races

= Operating setting

Zero
clearance

High endplay

Fig. 3-55

Bearing life versus setting

0
Bearing setting




3.2.4.1. Influence of fitting on the setting

A general rule consists of tight fitting the rotating
members while stationary components can be either
tight or loose-fitted as a function of the application
design. Nevertheless, for straight bore roll neck
bearings, as we suggest loose-mounted cups and
cones, the bench endplay is not disturbed after
mounting. For bearings mounted tight on the shaft
and/or in the housing, the loss of endplay is
determined using the following formulae :

Fit effect (one row)

Inner race mounted on a solid shaft :

K d
EP Loss =05 |——] [—] 9
0.39 do

Inner race mounted on a hollow shaft or a sleeve :

K d —
EP Loss =0.5 [——| [— ds\? dg
039) \d,/|1-[-=
do

K

EP Loss =0.5 [——| [— Do\? | &y
0.39 D 1-1—
Dy

Note : these equations apply only to ferrous shaft and housing.

These formulae can be used only in the case of simple
shaft and housing designs. In those cases where the
bearing is mounted on a sleeve with variable section,
the calculation is more complex and you should
contact The Timken Company.

A
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Bearing geometric centerline

Fig. 3-56
Influence factors on fit

For high speed applications where
a very accurate setting is dg = interference fit of inner race on shaft

required (high speed coilers, mill dy = interference fit of outer race in housing
drives...), the spacer width

. ; = bearing K-factor
adjustment, and so the setting,

can be done after having d = bearing bore diameter

measured the surfaces which will do =mean inner race diameter
be fitted together. This e