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Trends of Bearingsfor Steelmaking Applications
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Various types of rolling bearing are applied for steelmaking application depending on each equipment and its function.

Corresponding to the demand for more safety, higher quality and higher productivity, bearings have been more diversified
and developed for special performance and this movement will be continued.

Here general description of the development at Koyo and representative bearings for roll necks of rolling mills, back-up
rolls of multi-roll mills and continuous casting applications are presented with respective recent and future technical trends.
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1. Introduction

Iron and steel are required in an amount of 0.8 hillion tons
or more a year in the world and the demand is still increasing
with arate of about 1%.

Iron and steel materials are used for extremely wide variety
of fields and are a basic material indispensable for social
progress, still showing the significance in the 21st century.

Iron and steel are made in iron foundries, where various
facilities are provided for the manufacture. Such facilities
require various bearings suitable for the function thereof.
Thus, it is not too much to say that such facilities use various
sizes of bearings ranging on their outer diameters from small
to super large on the order of few meters. Figure 1 shows the
summary of the market trends and of the developments by
Koyo regarding bearings for steelmaking applications.

There is no doubt that an iron-and-steel field, likewise other
industrial fields amid the advance in the industrial
reorganization, will be increasingly demanded of meeting the
needs of "more safety”, "higher quality", and "higher
productivity".

2. Increasing Service Life on Large-size Bearings
for Rolling Mills

A bearing having a longer life is required for satisfying the
need for providing a maintenance-free bearing and for
enabling a facility having higher function. Large-size bearings
for the steelmaking application, typical example of which is
roll neck bearings for rolling mills, show the end of the life
thereof mainly by the flaking. Measures for increasing the life
of such bearings include a common measure for improving the
material and heat treatment, in addition to the improvement in
an individual design and processing (accuracy).

Market trends Development concepts Development objective Specific methods Example of developed product
Safety First  |—»{ Preventing industrial accidents |-|::| Improving the operating environment | Sealed-type bearing, oilfair lubrication systems |
/I [ Improving the operating method }—{ Various special tools for installation and maintenance |
enaﬁgﬁ%ém Environmentally- Coping with environmental [ Reducing the consumption amount of lubricant |—{ Sealed-type bearing, oil/air lubrication systems |
\ friendiiness regulations [ Collecting discharged oil = Bearing unit for collecting discharged ol |
Easy handling Providing easier installation and | Easier installation |—>| Integrated product, special tool |
adjustment [ 'Simpler adjustment of clearance and preloading |—*{Bearing in which clearance and preloading are already adjusted.]
Higher Preventive Detecting abnormality in advance Improving abnormal diagnosis system Diagnosis system using IT (information technology)
quality maintenance Preventing serious failure Providing a failure prevention system Drive shaft for preventing an excessive loading
Maintenance- Providing simpler maintenance Omitting the supply of lubricant and man-power SOLPACK bearing, oil/air lubrication systems
free Longer maintenance interval Providing a replacement part having longer life Bearing having longer life
Reduction of maintenance cost Reducing the number of replacement parts Integration of replacement parts
(man power)
Higher Higher Continuous operation, |—m-| Providing a bearing capable for higher temperature Material improving the resistance to temperature softening
productivity performance higher speed, ™| Providing a bearing capable for higher speed Optimized configuration with reinforced capacity,
longer life and heavier load material having longer life
Specialized Providing a product suitable for Providing a bearing capable for stricter environment| Various special seals, new material and surface treatment
function required functions Providing a bearing specialized for a specific Roll neck bearing, bearing for multi-roll mill,
application and function bearing for continuous casting machine
Eliminating waste of resources, functions or the like Various VA (value analysis) products

Fig. 1 Market trends and devel oped products at Koyo

Koyo Engineering Journal English Edition No.163E (2003)

17



Koyo —Trendsof Bearings for Steelmaking Applications—

Longer life
[

]
[ Inclean lubricant ] [ In contaminated lubricant |
[

| High temperature environment |

[ Inside starting flaking ] |[ Surface starting flaking ||

| .

[ [ [ X
Brinelling initiated
flaking

Mix-type flaking Surface flaking Rust initiated flaking

. [Roling
_:_.'_e_lement kb

Abrasion caused by
small hard particles
and plastic
deformation due to
large hard particles

Plastic deformation
caused by outside

force or caused by
large hard particles

Material defect of
maximum shear stress

Abrasion caused by
small hard particles

Required [ High refining | [ High toughness | | High brinelling resistance || Resistance for work hardening || Wear resistance | | Corrosion resistance |
characteristics I I I I I I
Countermeasures i . . Optimization of chemical
A B, D or the like B, E, F or the like E, F or the like F or the like c%mposition of material
(A) (B) © (D) () (F) G) (H)
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[ Countermeasure by material | | [ Countermeasure by design |
I
[ Countermeasure by heat treatment |
[
High refining CH213 carburized steel Sealed-type bearing
steel bearings for large bearings

Fig. 2 CH213 carburized steel for large bearings having longer life

A typical mode of the flaking in a roll neck bearing for a Loading coilspring
rolling mill is an inside starting flaking developed from a \I
crack caused by an internal defect in a subsurface layer under Upper roll oler 1
the rolling contact surface, or the matrix fatigue. The inside
starting flaking also may be caused by the reduction in the
hardness by the temperature rise. There is another mode of the
flaking in a roll neck bearing which is caused by the damage Electric motor
on rolling surface due to the ingression of the rolling oil or
oxide scales. Such a surface starting flaking caused by the
damage on the rolling surface can be reduced by improving
the sealing performance of the bearing.

Koyo has collected many examples in which such flaking Endurance life test equipment
was caused so that the causing process is examined. As a

Loading r

Driving roll

Lo ’ . i Rolling fatigue life iti

result, Koyo optimized the chemical composition of a material : Test condifons
. . . . . K Maximum contact stress: 4 300 Mpa
in a bearing for the purpose of (D strengthening the material - Elso&vgfg)al steel . Stress repeition rate - 500 MHz
matrix and ) improving the resistance to temperature = ‘ S AU O i 3 o0
softening. The result is the carburized steel CH213 for large- g %0r i temperature
size bearings having longer life, which are already in service =
(Fig. 22, Ewof Coveloptd sl

Figure 3 shows the result of comparing a conventional steel z |- (CH213)
SNCM815 and the presently-developed steel CH213 for the 5
lifein arolling fatigue test. As can be seen from Fig. 3, CH213
shows the life four times longer than that of SNCM815. 0 T 500 Tom0

Life, x10° revolutions

Fig. 3 Result of rolling fatigue test
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Figure 4 shows the history of the improvement of a service
life of bearings for work roll for hot strip mills used at
customers. The service life of bearings have a remarkable
increase thanks for an introduction of CH213.
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Fig. 4 Transition of service life of work roll bearings for hot
strip mills

3. Rolling Bearingsfor Various Steelmaking
Application

This section will describe typica rolling bearings used for
steelmaking application with regards to the technical tasks and
future trends.

3. 1 Rall neck Bearingsfor Rolling Mills

Products made by rolling mills (e.g., those for automobiles)
are required to have increasingly higher quality on their
surfaces. In order to satisfy such a strict requirement, various
rolling mills are now being developed. Table 1 shows the
structure of a rolling mill which has been recently developed
and the configuration of a roll neck bearing. Koyo satisfies
such a requirement by sufficiently understanding the required
function at the stages of planning and development of arolling
mill to commerciaize a special bearing having a specialized
function.

Roll

h an ‘,f/i/f

v T ALl

SRR s
7 % A feoge e - Morgoil seal ~|L

1*47/ Sleeve
=S
Thrust bearing
Oil film bearing

Conventionally, back-up rolls for four-high rolling mills
mainly used oil film bearings. However, Koyo has performed
actively to replace the ail film bearings to the rolling bearings,
in order to contribute to the improvement of the surface
quality of the products made by rolling mills (Fig. 5)°. For the
replacement of the bearings, not only the bearings but also the
rigidity of therolls and chocks are examined by Koyo.

Tablel Structure of recent rolling mills and roll neck bearings

(DFour-high rolling mill

Back-up roll Radial bearing for back-up roll
Radial bearing
E N for work roll N{.—_EFEH:&H:E

) —
&=
= o =

Work roll = —-

(@Four-high rolling mill

Shift or bending of work roll
Radial bearing for work roll

3 1A

(®Six-high rolling mill (HC-mill, UC-mill, CVC-mill)

Shift or bending of work and intermediate roll
Intermediate roll

For intermediate roll

&S P
& _—
* For work roll
Work roll
(@)Pair cross mill
Radial bearing Thrust bearing
for work roll for work roll
3 ) = '
CED
-ii -—
moj_

Chock

Four-row cylindrical T
roller bearing e

\ 7

Thrust bearing

— e - -

Rolling bearing

Fig. 5 Replacement of ail film bearing with rolling bearing for back-up roll of rolling mill
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Four-row tapered roller bearings are generally used for
reasons of compact and higher load capacity. Koyo has
developed a seal ed-type four-row tapered roller bearing for the
purpose of preventing the roll neck bearing from the damage
dueto the ingression of the rolling oil containing alot of water
or oxide scales, which is now in service. In order to further
enhance the function of this sealed-type bearing, Koyo has
performed various improvements on the sealed-type bearing
(Fig. 6).

One of the improvements is to adopt a compact seal, which
allowed this sealed-type bearing with less reduction rate of
load capacity as compared with that of an open-type bearing
having the same boundary dimensions. Koyo also has
developed a seal accommodating to a high-speed rolling and a
seal having an improved sealing performance, further
expanding the application of such a sealed-type bearing.

Future trends are that such a roll neck bearing will be
capable of further heavier load and further high speed rolling
conditions so as to contribute to higher productivity in a
rolling process. The roll neck bearing will also be required to
have further higher reliability in order to secure a high
operation rate of the rolling.

In order to realize a bearing which keeps up with such a
trend, Koyo not only applies a conventionally-used measures
for providing a longer life but also develops such a bearing
material and seal that can resist more to corrosion and wear
even under the strict rolling conditions.

3. 2 Back-up Roll Bearingsfor Multi-roll Rolling
Mills
Figure 7 shows the structure of a typical multi-roll rolling

Seal with slinger

mill and the history of the change of the back-up roll bearings
used therein. The feature is that the bearing is rotated at the
outer ring, loaded on outer diameter surface of the outer ring
and its lubrication oil has low viscosity. The outer ring of the
bearing is required to have a high toughness enduring a shock
load and a high rigidity enduring repeated tensile and
compressive stress (Fig. 8).

To provide a bearing having such performances, Koyo
adopted a special material and heat treatment to develop a
bearing having a hardened zone with a sufficient depth and a
mild zone in core, which is now in service (Fig. 9)°.

In such a bearing, the outer diameter surface of the outer
ring is directly supported by awork roll or an intermediate roll
contacting on their surfaces, thus causing the accuracy and
roughness on the outer diameter surface of the outer ring have
a significant influence on the accuracy of the surface of the
rolled products. To provide a clean surface of a product, the
outer diameter surface of the outer ring is regularly ground. In
order to improve the rotation accuracy and the productivity of
a bearing which has been subjected to this grinding processing,
Koyo has developed various grinding tools (T able 2).

Future trends for a back-up roll bearing are similar to those
for roll neck bearings. Specifically, a back-up roll bearing will
be required that are compatible with further heavier load and
further high speed rolling conditions. In addition, in order to
effectively serve for longer period of time, the back-up roll
bearing is required to set more grinding stock on the outer
diameter surface of the outer ring prior to scrapping.

Koyo tries to keep up with such atrend by a bearing having
an appropriate material and an improved surface.

[For heavier load and longer life |

Increase of load capacity by the adoption of compact seal

[For higher rolling speed]

~.

Low friction seal

Fig. 6 Transition of sealed-type tapered roller bearings for roll neck application
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Fig. 7 Structure of multi-roll mill and transition of back-up roll bearings
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Fig. 8 Characteristics required for back-up roll bearings for multi-roll mills
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Table2 Grinding tools for back-up bearings for multi-roll mill

. oL . o Hydraulic type grinding tool for
Tapered ring-type grinding tool only Hydraulic type grinding tool for . .
Type A ] complete bearing assembly with
for outer ring only complete bearing assembly . .
clamping outer ring
Aoolicab] Conventional 3-row cylindrical roller Conventional 3-row cylindrical roller
icable
bp . bearing, 2-row cylindrical roller bearing | 2-row cylindrical roller bearing with rib | bearing, 2-row cylindrical roller bearing
Type of Bearing o . . .
with rib with or without rib
) ; Back-up roll bearing assembly
) out
Outef\r@iﬁ Tapered ring ) Back-up roll bearing assembly fin:u?'rerll,lr:'lgth .
—X -/ Carrier hole — M~ Sleeve T § JR
. Slide ring o ) apered / Sleeve
e oil roller bearing .
Shaft Nut Shaft T 7 1] > Shaft = ¢
Structure 4 s %%;\ ] : 2‘ o i ‘ , S
Center hole P e— = e -
Center hole ) N o N ‘@{
L Work holder ...} o . a — ] ;
Supplied from hydraulic pump Pin for rotating Supplied from
hydraulic pump
1) Tapered ring and slide ring are 1) Sleeve is hydraulically expanded to 1) Outer ring is clamped in the axial
tightened by nuts to fix an outer ring reduce the internal clearance in the direction by the fixture unit so that
for grinding on outer diameter bearing to zero. the sleeve is hydraulically expanded
surface. 2) Only outer ring is rotated without to reduce the internal clearance in
2) Rotation accuracy of the bearing rotating the tool and thus the the bearing to zero.
Feat after grinding depends on the rotation accuracy of the bearing after | 2) Only outer ring is rotated without
eatures
eccentricity between the outer ring grinding is high. rotating the tool and thus the
and the tool because the outer ringis | 3) Requires carrier hole for outer ring. rotation accuracy of the bearing after
rotated for the grinding with grinding is high.
rotating tool integrally. 3) Requires carrier hole for outer ring.
3) Lifting tool is additionally required
for assembly/disassembly.
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Fig. 9 Hardness distribution on outer ring

3. 3Bearingsfor Continuous Casting Facilities

Figure 10 shows the structure of a continuous casting
machine and the history of the transition of the roll structure.
As can be seen from Fig. 10, an old-type roll has a large
diameter while a new-type one has small diameters with a
shorter distance therebetween.

A bearing for a continuous casting machine has a feature in
that the bearing is applied with a high load under a high
temperature condition while the inner ring is rotated with a

22

low speed. Thus, the damage caused in the bearing for a
continuous casting machine typically includes those caused by
wear and deformation and does not include those caused by
rolling fatigue observed on rolling bearings.

Based on the analysis on the forms of damages on bearings,
Koyo performed the following approaches of :

(D the adoption of an optimal type of a bearing;

(2 theincrease in the load capacity of the bearing; and

(® the modification of the sealing structure of the

surrounding of the bearing.

As a result, Koyo has developed a special functional
bearing suitable for a continuous casting machine (Fig. 11).

Future trends for a bearing for a continuous casting machine
are that it will be required of enduring further heavier load
conditions. Such a bearing also will be required to provide a
higher reliability so that the continuous casting machine does
not require frequent maintenance for saving the maintenance
cost.

To keep up with such a trend, Koyo not only applies a
conventionally-used measures for providing a longer life but
also develops a bearing material and seal that can resist more
to corrosion and wear even under strict rolling conditions.
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1. Structure of continuous caster

Bearing for the center of roll

//Ladle turret (swing device for supporting ladle)

2. Transition of the roll

Non-driven roll | Slab |

=

Molten steel

L T
Cylindrical ~ Self-aligning Self-aligning Cylindrical
roller bearing  roller bearing roller bearing roller bearing
with aligning ring with aligning ring

Self-aligning
roller bearing

Self-aligning
roller bearing

Torch cutter

Driving roll |
(gas cutting machine) :

Slab |
E=——3

WG 3 m Self-aligning Splittype  Cylindrical
roller bearing bearing unit  roller bearing
77 with aligning ring
Dummy bar @z 74 <Conventional> <Present>

Table roller

Fig. 10 Structure of continuous casting machine and transition of rolls

To keep up with the speed of such a shift, Koyo sets the

First generation

Third generation

Structure

Second generation Fourth generation

following three key words as an important philosophy for the

development of future bearings.

(D bearing capable of contributing to the reduction of cost

for maintenance (i.e., maintenance-free bearing);

(@ bearing capable of contributing to preventive
maintenance (i.e., intelligent bearing); and

Type | Clamping ring-type | Clamping ring-type |  Full ring-type Half ring-type @ beari ng capabl e of COpi ng with environmental
with self-aligning | with cylindrical It
roller bearing | roller bearing with regulations.
aligning fing With the above philosophy in mind, Koyo will strive for the
Features development of a bearing keeping up with the market trends.

- Improved assembling of bearing

- Movement in the axial direction is easily absorbed.
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- Movement in the axial direction is easily absorbed.
- Deflection of the roll is smoothly absorbed.

- Having bigger load capacity and longer life

- Keeping the same boundary dimensions as that of
self-aligning roller bearing

Fig. 11 Transition of bearings for continuous casting machine

4. Conclusion

Currently, an iron and steel field is experiencing a major
shift from a conventional manufacture style requiring a huge
amount of resources and energy to a new style in which less

o el

K. SAMESHIMA”

resources and energy are consumed.
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