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ABSTRACT

The composite roll comprises an inner member. At
least one material engaging rolling ring member of a
specially hard wear-resistant material encircles the
inner member. The inner member has a pair of sup-
porting walls on either side of the rolling ring member.
At least one of the supporting walls is pressed against
the rolling ring member thereby placing the rolling
ring member in compression. The one wall is secured
to the inner member by means of a force-fit or shrink-
age-fit.so that the rolling ring member is pressed be-
tween the two walls on the inner member with a force
that is sufficient to cause the rolling ring member to
be clamped on the inneér member and to rotate with
the inner member.

18 Claims, 7 Drawing Figures
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1.
COMPOSITE ROLL

BACKGROUND OF THE PRESENT INVENTION

The present invention relates to a composite roll and
to a method of making same. The rolls to which the
present invention applies preferably are used for the
forming of material such as in a rolling mill, and in gen-
eral the rolls include a grooved portion which . is
adapted to engage and shape the material as the mate-
rial advances through the rolling mill.

During recent years many attempts have been made
to produce rolls where the life of the ‘portions of the
rolls which contain the material engaging grooves may
be prolonged by utilizing modern -hard wear-resistant
materials, for example, carbide. Such materials are
characterized by their extraordinary hardness and great
compressive strength but they do have a moderate ten-
sile strength and do have a negligible tensile ultimate
strength. Since these materials are also very expensive,
it is desirable to make the rolls as composite rolls so

that the part which is of the wear-resistant material is '

given the smallest possible volume. Accordingly, rolls
"have been constructed of an inner member or roll body
of one material and a rolling ring of another material.

The fact that these materials have a negligible or
moderate tensile strength has created problems in the
formation of the rolls, especially for the hot-rolling of
steel. When such rolls are utilized in the hot-rolling of
steel, the temperature on the surface of the groove in-
creases, particularly in the area where the surface
contacts the material being rolled. This heat causes ten-
sile stresses to be established in the surrounding cool
roll material and after a fatigue fatigur cracks appear
in the bottom of the groove.

It is known that if the rolling ring member is secured
on the inner member by means of a force-fit, tensile
stresses are caused in the ring which results in fatigue
cracks appearing fairly early and such greatly shortens
the life of the roll. It has been discovered that by
mounting the rolling ring member in such a way that
the ring has compressive stresses established therein
when it is mounted on the roll body or inner member,
the tensile stresses caused by the heat are substantially
reduced and the appearance of fatigue cracks is de-
layed and the life of the rolling member is substantially
increased.

Prior art efforts establishing the compressive stresses
in the rolling ring member have involved basically two
different types of constructions, one is by the casting of
the rolling ring member into a roll body or the like. In
this manner, great compressive stresses are established
in the rolling ring member, since the rolling ring has a
considerably lower coefficient of linear expansion than
the material in which it is cast, namely, the material of
the roll body. As a result, during the rolling of the roll-
ing ring material after casting, the rolling ring is.com-
pressed by various surfaces of the roll body. Such a
method, however, is difficult to carry out, particularly
when there are special requirements regarding hard-
ness, strength, toughness, etc., of the material in the
roll body. It is also necessary to have the materials of
the roll body and rolling ring with a proper difference
in the coefficient of expansion.

In addition, rolls have been constructed where the
inner member or roll body has a fixed flange and
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against which the roller ring is compressed by a flange
threaded on the roll body. In this manner, compressive
stresses are achieved in the roller body and, this has af-
fected the hardness of the material of which the roller
body may be constructed. Besides, it is difficult to draw
the threaded flange in such a way that great compres-
sive forces are achieved.

SUMMARY OF THE PRESENT INVENTION

The present invention is directed to the provision of
a composite roll which is not subject to the problems
outlined above with respect to the prior art.

The roll of the present invention is one in which a
rolling ring member is supported on a roll body or inner
member in a manner to establish compressive stresses
therein as in the prior art. The compressive stresses are
established by a pair of wall or ring members which are
supported on the inner member. At least one of the
walls or ring members is secured to the inner member
by means of a tight force-fit or shrink-fit. The pair of

- rings or walls on the inner member are forced against
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the side surface of the rolling ring with a substantial
force during the assembly of the parts on the inner
member. As a result, the :rolling ring member is
clamped between the walls on-the inner member with
a substantial force and compressive stresses are estab-
lished in the rolling ring member: The force between
the walls on the: inner member and the rolling ring
member is sufficient so that the frictional drag is such
that the rolling ring member will rotate along with the
inner member in order to properly perform its function
on the material engaged, i.e., in the case of a rolling
mill to properly shape the material during the rolling
operation.

The present invention obviously therefore does not
require that the rolling ring material have a lower coef-
ficient of linear expansion than the roll body or inner

“member as is necessary in the casting technique of the

prior art. In fact, in the present invention the rolling
ring material may be any wear-resistant material and it .
may have a’lower, identical or greater coefficient of lin-
ear expansion than that of the roll body. In addition, in
view of the fact that no threads are necessary on the
roll body or inner member, it is possible to use any ma-

terial whatever for the roll body without consideration
given to the cutting of threads or the like on the roll
body.

DESCRIPTION OF THE DRAWINGS

Further objects and advantages of the present inven-
tion will be apparent to those skilled in the art to which
it relates from the following detailed description of the
preferred embodiments thereof made with reference to
the accompanymg drawmgs in ‘which:

FIG. 1 is a sectional view of-a composite roll of the
prior art in which a rolling ring is cast into a roller body;

FIG. 2 is a sectional view of a composite roll also of
the prior art in which a rolling ring is compressed by a
threaded flange on the roller body; and

FIGS. 3-7 are cross-sectional views of a composite

* roll embodying the present invention.

As noted hereinabove, the :present invention is di-
rected to a composite roll and- a method of forming
same. Specifically, the composite roll of the present in-
vention includes a roll body or inner member 2 which
may comprise either a solid shaft or.a sleeve which is
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intended to be mounted on a rolling drive shaft of a

rolling mill or the like. A rolling ring 1 is loosely on

inner member 2. The roiling ring I may be made of a
hard wear-resistant material, such as carbide or ce-
ramic material. The rolling ring 1, of course, has a
groove therein which is adapted to receive the hot
metal material and shape the hot metal material as it is
advanced through the rolling mill.

As noted hereinabove, as the hot metal material is
advanced through the rolling mill, there is a tendency
for tensile stresses to be established in the rolling ring
1, and in order to control those tensile stresses and min-
imize and establishment of such tensile stresses, the
rolling ring 1 is placed under axial compression by a
pair of rings 3 which engage the opposite sides of the
roll 1 and apply a substantial axial compressive force to
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the ring 1 in order to place the rolling ring 1 under

compressive stresses. Thus, the tensile stresses which
are caused by the heat are reduced or minimized and
the tendency for fatigue cracks to be established is min-
imized and the life of the rolling ring 1 is greatly length-
ened.

The rings 3 may be made of a material similar to that
of the body of the inner member 2, and the rings 3 are
secured to the inner member 2 by means of a force-fit
or a shrink-fit. The assembly technique is such that
axial compressive forces are applied to the rings 3 and
thereby to the rolling ring member 1 while the shrink-
fit or force-fit is being effected. As a result, once the
rings 3 are secured to the inner member 2, the rings 3
then apply an axial force to the rolling ring member 1

which results in substantial compressive axial stresses
being formed in the ring member 1. ‘

The force which is applied by the ring members to
the rolling ring member 1 is sufficient to cause the roll-
ing ring member 1 and the supporting ring members 3
to rotate as a unit along with the inner member 2 to ef-
fect rolling of material and shaping of the material by
the groove in the rolling ring member 1. Moreover, the
force is sufficient so that the rolling ring member 1 is
retained in its proper position and no relative move-
ment occurs between any of the members 1, 2, and 3.

In view of the fact that the rolling member 1 is pro-
vided with substantial compressive stresses during the
formation thereof the tendency of harmful tensile
stresses being established in the ring member 1 are min-
imized as in the prior art. In addition, in view of the fact
that there is no casting of the rolling ring member in the
body of the roller, as in the prior art as shown in FIG.
1, the wear-resistant material of the rolling ring mem-
ber may have a lower, identical or greater coefficient
of linear expansion than that of the roller body. More-
over, since the rolling ring member is not axially com-
pressed by a threaded flanged portion on the roller
body, as is shown in FIG. 2, there is no problem of the
type of material which is used for the roller body in
view of the fact that it is not necessary to provide
threads thereon.

FIGS. 4-7 show different modifications of composite
rolls which embody the present invention. In FIG. 4,
the compressive effect on rolling ring 1 is provided,
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even though there is an inner partial clearance between

the member 2 and the rings 3. Of course, the force per
unit of area between the inner peripheral portions of
the rings 3 and the outer peripheral surface of the inner
member 2 is increased so that the axial frictional force
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applied in a compressive or axial direction to the ring
1 remains, in effect, substantially the same as that
shown in FIG. 3.

FIG. § shows a further modification in which the
axial force applied to the rolling ring member 1 can be
increased. In FIG. 5, a boss is formed on the inner
member 2 and which cooperates with a tapered surface
on the inner periphery of the members 3 to increase the
axial compressive force which is supplied by the rings
to the ring member 1.

In the embodiment of FIG. 6, the ring 1 is shaped
with an outwardly tapering cross section, and as a result
as the rings.3 are forced axially toward the ring 1, a ra-
dial component force is applied to the rolling ring
member 1 which increases the compressive stresses in
the ring 1.

In the embodiment of FIG. 7, an inwardly conical in-
termediate sleeve 4 is provided which is disposed be-
tween the rings 1 and 3 on the one hand, the inner
member 2, on the other hand. During the assembly of
the embodiment of FIG. 7, the inner member 2 is

forced into the sleeve 4 and due to the conical or ta-

pered surfaces of the members 2 and 4, the member 4
is pressed radially outwardly and into a tight force fit
engagement with the peripheral surfaces of the rings 3.
As a result, the rings 1 and 3 are tightly engaged or -
press fit on the member 4. Of course, this operation is
provided simultaneously with the forcing or axial load-
ing of the rings 3 in order to provide the axial compres-
sive forces in the ring 1.

In the embodiments of the invention disclosed in
FIGS. 3-6, the rings 3 are heated prior to their mount-
ing on the member 2. Once heated, the rings are
slipped on the member 2. Then axial compressive
forces are applied to the rings 3 in order to set up the
axial or compressive stresses in the ring 1. Such can be
applied by any suitable external means. As the rings 3
cool, they shrink down onto the inner member 2, and
as a result they are force-fit or shrunk-fit into engage-
ment with the member 2. After cooling has been ef-
fected, the axial forces applied to the rings 3 by the ex-
ternal means may be removed. As a result, the compos-
ite ring embodying the present invention is provided.
Of course, rather than the rings 3 being shrunk-fit onto
the inner member 2 to provide the force-fit the rings 3
may be press-fit onto the inner member 2 and during
the press-fitting effecting the axial compression of the
rolling ring 1.

As a result of the method, the rolling ring 1 was
loosely positioned on the inner member 2 is caused to
rotate as a unit with the inner member 2 due to the fric-
tional forces between the periphery of the rings 3 and
the rolling ring 1. In addition, the frictional force-fit of
the rings 3 on the inner member 2 maintains the com-
pressive stresses in the rolling ring 2.

Having described the invention, what is claimed is:

1. A composite roll comprising an inner member, at
least one rolling ring member of a hard wear-resistant
material encircling said inner member, said inner mem-
ber having a supporting wall on either side of the rolling
ring member, said supporting walls applying compres-
sive axial forces against the opposite surfaces of said
rolling ring member to establish compressive stresses in
the rolling ring member, at least one of said supporting
walls being secured to said inner member by means of
a force-fit, said supporting wall members applying a
compressive force to said rolling ring member which is
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sufficient to cause the rolling ring member to rotate
with the inner member during shaping of material.

2. A composite roll as defined in claim 1 wherein said
supporting walls contact said rolling ring member only
at the outer periphery thereof.

3. A composite roll as defined in claim 2 wherein the
supporting walls are shaped with annular clearance be-
tween the inner member and the walls in the area axi-
ally adjacent a radial surface of the rolling ring mem-
ber.

4. A composite roll according to claim 3 wherein the
rolling ring member partly at least is tapering towards
the periphery.

5. A composite roll according to claim 1 wherein said
supporting walls comprise a pair of ring members
force-fit on said inner member.

6. A composite roll according to claim 5 wherein said
rolling ring member and said pair of ring members are
mounted on an inwardly conical intermediate sleeve
into which the inner member which is outwardly coni-
cal is pressed, said rolling ring member having an inner
diameter that is loosely fit on said intermediate sleeve
after the inner member has been pressed into the inter-
mediate sleeve.

7. A composite roll according to claim 5§ wherein the
axial securing of said pair of ring members is increased
by a pair of bosses on the inner member which engage
said respective pair of ring members.

8. A method of forming a composite roll, said method
comprising the steps of providing an inner roll member,
loosely encircling the inner roll member with a hard
wear-resistant rolling ring, locating supporting walls on
the opposite axial sides of said rolling ring, applying
axial compressive forces to said rolling ring to thereby
set up axial compressive stresses in said rolling ring
member, and force fitting at least one of said support-
ing walls on said inner member while maintaining said
axial compressive forces on said rolling ring member
whereby said rolling ring is axially compressed between
said supporting walls and is rotatable with said inner
roll member.

9. A composite roll comprising an inner member, at
least one rolling ring member of a hard wear-resistant
material encircling said inner member, said inner mem-
ber having a supporting wall on either side of the rolling
ring member, said supporting walls applying compres-
sive axial forces against the opposite surfaces of said
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rolling ring member to establish compressive stresses in
the rolling ring member, the supporting walls being
shaped with annular clearance between the inner mem-
ber and the walls in the area axially adjacent a radial
surface of the rolling member whereby said supporting
walls contact said rolling ring member only at the outer
periphery thereof, cylindrical inner surfaces of at least
one of the supporting walls being provided with clear-
ance adjacent the rolling ring member, at least one of
said supporting walls being secured to said inner mem-
ber by means of a force-fit, said supporting wall mem-
bers applying a compressive force to said rolling ring
member which is sufficient to cause the rolling ring
member to rotate with the inner member during shap-
ing of material.

18. A composite roll as set forth in claim 9 wherein
at least part of the rolling ring member tapers toward
the periphery thereof. ‘

11. A composite roll as set forth in claim 10 wherein
portions of said supporting walls are tapered to con-
form with the tapered parts of the rolling ring.

12. A composite roll as set forth in claim 9 wherein
said supporting walls comprise a pair of ring members
force-fit on said inner member.

13. A composite roll according to claim 12 wherein
said rolling ring member and said pair of ring members
are mounted on an inwardly conical intermediate
sleeve into which the inner member which is outwardly
conical is presséd, said rolling ring member having an
inner diameter that is loosely fit on said intermediate
sleeve after the inner member has been pressed into the
intermediate sleeve.

14. A composite roll according to claim 12 wherein
the axial securing of said pair of ring members is in-
creased by a pair of bosses on the inner member which
engage said respective pair of ring member.

15. A method of forming a composite roll as set forth
in claim 8 wherein the step of force fitting at least one
of the supporting walls on the inner member while
maintaining said axial compressive forces on said roli-
ing ring member includes the steps of heating the sup-
porting wall, placing the supporting wall on the inner
roll member, applying axial compressive forces to the
supporting walls, and allowing the heated supporting

wall to cool.
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