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(57) Abstract: The invention relates to a method for making a roll shell of a roll used in the manufacture or further processing of
paper and/or board. In the method, a shell blank of the roll shell is made of steel and the shell blank is subjected to heat treatments
comprising heating for hardening, quenching and tempering treatments. In accordance with the invention, in heat treatment, the
quenching is carried out such that hardening takes place in a directed manner from the outer surface of the roll shell inwards. The
quenching is carried out such that neutral or compression stress is produced in the surface of the roll and that the formation of tensile
stress in the surface of the roll is prevented by means of quenching.
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Method for making a roll shell of a roll used in the manufacture or

further processing of paper and/or board

The present invention relates to a method for making a roll shell and, more par-
ticularly, the invention relates to a method for making a roll shell of a heatable
roll, i.e. a so-called thermo roll, which roll operates in practice as heated to a high

temperature.

More specifically, the invention relates to a method for making a roll shell of a
roll used in the manufacture or further processing of paper and/or board, in which
method a shell blank of the roll shell is made of steel and the shell blank is sub-
jected to heat treatments comprising heating for hardening, quenching and tem-

pering treatments.

In prior art there is known a solution in which a wrought steel shell is subjected to
surface hardening by means of induction. A considerable drawback with this is,
however, that the method is remarkably expensive and, in addition, that long and
large-diameter roll blanks cannot be hardened economically by induction. Surface
hardening by induction requires that expensive ancillary equipment shall be
arranged for the sole purpose of hardening. It has been necessary to separately
provide large-diameter rolls which cannot be hardened economically by induction,
for example, with a wear-resistant hard coating. If again it were contemplated that,
for example, the quenching of a large-diameter roll blank is carried out into a
water basin, both sides of the shell will undergo hardening and tensile stress will
be created in the surface. Because of the risk of breakage, it is very harmful when

tensile stress remains in the roll surface.

With respect to the state of the art, reference is further made, for example, to US
patent 5,546,856 describing a paper finishing method in which a long nip calender

is made use of. By a long nip calender is generally meant a calender in which a nip
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is formed between a heatable steel roll and a belt. The nip pressure in the long nip
calender can be regulated in the cross direction of the machine, i.e. in the CD
direction, whereby, for example, the thickness of paper can be profiled. The long
nip calender can be formed of a belt calender in which a belt is passed, while
guided by auxiliary rolls, around one nip roll serving as a backing roll for a thermo
roll. Thus, the long nip is formed between the thermo roll and said nip roll loading
the belt. The most common long nip calender is a shoe calender in which the belt
is arranged to run around a stationary support structure and in which the belt is
loaded against a thermo roll by means of a loading shoe which is located inside
the loop of the belt and supported on the support structure. In the shoe calender,
the long nip is formed between the thermo roll and the shoe loading the belt. Thus,
the loading shoe of the shoe calender determines the length of the nip.

In the shoe calenders which represent the state of the art and which are in use, the
length of the nip is typically in a range of 50-70 mm, i.e. the dwell time of the web
in the nip is considerably below 10 ms. The surface temperature of the thermo roll
serving as the backing roll of the shoe roll is in a range of 70-300 °C, and the
maximum pressure of the nip is in a range of 5-10 MPa. The hardness of the
calender belt in the shoe calender is in a range of 70-100 ShA. Longer nips of

about 270 mm have been used in presses that are based on a shoe roll.

The method of making a roll according to the invention is not suitable for use in

making rolls which are used in long nip calenders according to the state of the art.

The aim of the present invention is to provide a novel method for making a roll
shell, which method allows drawbacks and problems associated with the state of
the art to be avoided or at least substantially reduced. With a view to achieving
this aim, the invention is mainly characterized in that in heat treatment, quenching
is carried out such that hardening takes place in a directed manner from the outer

surface of the roll shell inwards.
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In accordance with the invention, a tubular shell of a thermo roll is made of an
alloy steel, for example, of a quenching and tempering steel such that a wrought
steel blank is first made which is heat-treated after that in a suitable manner in
order to achieve desired properties. The heat treatment is carried out in a manner
in which formation and decomposition of austenite occurs. The aim of the heat
treatment is to provide the roll shell with a hard and wear-resistant surface so that
the roll is suitable as such for use, for example, as a heatable roll in a calender. On
the other hand, the surface produced and the basic structure of the material of the
roll shall be such as to be suitable for being coated and/or uncoated. Further, the
properties of the material of the roll after heat treatment shall be such that in the
roll shell there are no harmful stresses, which might cause the roll to break as a

result of abrupt temperature variations.

The roll shell according to the invention is manufactured of a well-hardening steel,
for example, of a quenching and tempering alloy steel and, as one very usable
grade, 34NiCrMo 6 steel is suitable for manufacture. The desired properties are
attained such that, when the shell blank (steel blank) has been made, it is heat-
treated such that the blank is subjected to heating for hardening to a high tem-
perature above the temperature of formation of austenite, to a range of about 820-
920 °C. The quenching of the blank is performed after that in order to harden the
blank, i.e. to form martensite in the structure. The quenching is carried out into a
medium, for example, in a basin. The medium can be a liquid, for example, water
or a liquid mixture, a gas mixture or a combination of a liquid and a gas mixture.
The quenching can also be carried out by a fluidized bed method. It is essential
that before quenching the ends of the shell blank are closed, or water or another
quenching medium is prevented by some other means from getting into the inte-
rior of the blank, to the inner surface of the blank. This provides the benefit that in
connection with quenching, hardening, i.e. formation of martensite begins only
from the outer surface of the shell blank, from which cooling proceeds in a di-
rected manner in the material inwards. Consequently, in the invention, the inner

parts of the roll material are not hardened, as a rule, completely at any rate. When
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in the invention, for example, the through hardening of the wall of the material is
inhibited, the wear resistance of the roll material is improved. Tempering and
relieving of residual stresses can be carried out after quenching. When manufac-
tured according to the method of the invention, the roll shell is made metallurgi-
cally very stable. If the invention is intended particularly for the manufacture of a
thermo roll shell, the shell shall be additionally provided with perforations for
circulation of a heating medium. These holes or axial bores can be formed in the

roll shell either before hardening or after hardening,

Thus, the change of the microstructure of the material from a martensitic structure
to a bainitic or a bainitic-martensitic or a bainitic-ferritic structure or to combina-
tions of them occurs steplessly. This enables neutral or compression stress to be
formed advantageously in the outer surface of the shell from which cooling be-
gins, because with the progress of cooling the increase in the volume of material
becomes smaller in the direction from the surface towards the interior. Since a
neutral stress state or compression stress is created in the outer surface, the shell is
not prone to damage or breakage even when abrupt variations of temperature
occur in a finished roll which is in use. Such variations are possible if, for exam-
ple, a liquid, e.g. water, is passed to a hot roll surface. If tensile stress remained in
the surface, rapid cooling of a hot roll might cause the roll to break. The formation

of tensile stress in the surface of the roll is prevented by means of the invention.

In the following, one method of making a roll shell is described by way of exam-

ple.

The steel used as material:
- DIN 34NiCrMo 6, number identification 1.6582

Analysis:
- C% 0.30-0.38, Si% < 0.4, Mn% 0.5-0.8, P% <0.035, S% < 0.035, Cr% 1.3-1.7,
Mo% 0.15-0.30, Ni% 1.3-1.7
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Mechanical values:

- Tensile strength 1000-1200 N/mm®

- Elongation from a transversely taken tension test bar < 12%
- Hardness 350-500 HV2o

- Heat resistance 300 °C about -15%

Microstructure in the surface:

- 100% tempered martensite

The melting of steel takes place in an electric arc furnace (EAF) and the alloying
proper as well as the setting of temperature take place in a holding furnace (LF),
which is provided with electromagnetic stirring. Casting is carried out by up-
running casting into an ingot mould. When the casting has solidified and cooled to
about 600 °C, it is moved to a forge, into a heating furnace in which it is heated to
a temperature of about 1200-1285 °C at which forging is started and which is the

temperature of the furnace.

The roll shell (tube) is made out of the casting by forging as a free forging. Ad-
vantageously, a sturdy hydraulic press is employed in forging, which makes it
possible to use sturdy tools, by means of which the low density in the middle of
the casting can be compressed. In a tubular forging, the low density portion in the
middle is cut off so as to form a blank for a centre hole to be made. Slag materials
and other defects collected iﬁ the casting are removed from the cast mass in
connection with forging. The manufacture of a tubular forging takes place by
pressing on a mandrel. When forged in the manner described above, the degree of

deformation of the roll tube can be made uniformly good.

After forging, heat treatments are carried out such that there is first cooling in the
air. This is immediately followed by normalizing to 820-920 °C, from which
cooling takes place freely into the air. Immediately after that, soft annealing is
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carried out at about 630-700 °C, which is followed by cooling to room tempera-
ture. The thus heat-treated steel is fine-grained, soft annealed for a quenching and

tempering treatment.

Since the surface of the blank must become clean, the blank is subjected to rough
machining before it is quenched and tempered to a desired strength/hardness level.
In that connection, soft annealing is of advantage because normally a large amount
of material has to be removed. Quenching and tempering, i.e. heating to the
austenite range and tempering after hardening are carried out in a furnace. The
quenching can be carried out into a liquid basin, for example, into an oil basin or
water basin, or quenching can be carried out as air quenching. Since the strength
level requirements of the piece are high, it is advantageous that the roll shell
blanks are quenched into water. Tempering is carried out immediately after
quenching at a temperature of about 340-660 °C. Since it is a question of making a
roll shell of a so-called thermo roll, the shell shall be provided further with sub-
stantially axial peripheral bores for circulation of a heating medium in the finished
roll. These peripheral bores can be made when the shell is in a quenched and

tempered state.

The invention is not strictly confined to the description given above nor to the
specific mode of operation of the invention set forth in the description, but the
different modes of operation of the invention may vary within the inventive idea

defined in the accompanying claims.
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Claims

1. A method for making a roll shell of a roll used in the manufacture or further
processing of paper and/or board, in which method a shell blank of the roll shell is
made of steel and the shell blank is subjected to heat treatments comprising
heating for hardening, quenching and tempering treatments, characterized in that,
in heat treatment, the quenching is carried out such that hardening takes place in a

directed manner from the outer surface of the roll shell inwards.

2. A method according to claim 1, characterized in that the quenching is carried

out into a medium.

3. A method according to claim 2, characterized in that, in the quenching, the

quenching medium is prevented from getting to the inner surface of the roll shell.

4. A method according to any one of the preceding claims, characterized in that

the quenching is carried out into a liquid and/or gas mixture.

5. A method according to any one of the preceding claims, characterized in that

the quenching is carried out by means of a fluidized bed method.

6. A method according to any one of the preceding claims, characterized in that
the quenching is carried out such that neutral or compression stress is produced in

the surface of the roll.

7. A method according to any one of the precedirig claims, characterized in that

the formation of tensile stress in the surface of the roll is prevented by quenching.

8. A method according to any one of the preceding claims, characterized in that
the roll shell is provided with through holes or equivalent bores extending mainly

in the axial direction before heat treatment or after heat treatment.
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