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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a flat-die type rolling machine having a pair of flat dies for squeezing and
rotating a workpiece therebetween for shaping an outer circumferential surface of the workpiece, and more particularly
to techniques for applying a tightening force to a pair of elongate frame members which receive from the flat dies
respective components of a rolling reaction force, for improving accuracy of rolled products. This invention is also
concerned with a method of fastening together such a pair of elongate frame members and a spacer member interposed
therebetween so as to applying a sufficiently large tightening force for resisting the rolling reaction force.

Discussion of the Prior Art

[0002] Generally, a flat-die type rolling machine has a pair of opposed flat dies which are disposed on diametrically
opposite sides of a cylindrical workpiece such that at least one of the flat dies is linearly movable relative to the other,
so that the workpiece is squeezed and rolled by the opposed flat dies, to thereby shape an outer circumferential surface
of the workpiece. During a rolling operation, components of a rolling reaction force are transferred from the workpiece
to the flat dies in opposite directions away from each other in a direction in which the flat dies are spaced apart from
each other. Usually, the flat dies are supported by a pair of elongate frame members which are spaced apart from each
other in the above-indicated direction, so that the frame members receive the respective components of the rolling
reaction force from the flat dies interposed therebetween, in the rolling operation. An example of such a flat-die type
rolling machine is disclosed in JP-Y1-50-99243.

[0003] Conventionally, the pair of elongate frame members in such a flat-die type rolling machine are connected to
each other at their longitudinally intermediate portions by a tie bar device, in order to reduce an amount of deflection
of the intermediate portions of the frame members away from each other. In the presence of such a tie bar, however,
the conventional rolling machine inevitably suffers from a significant amount of outward deflection of the frame members
due to the rolling reaction force generated in the rolling process, leading to considerable deterioration of the dimensional
accuracy of rolled products.

[0004] On the other hand, it is considered possible to apply a pre-load to the pair of frame members so that the pre-
load acts on the frame member in opposite directions toward each other, namely, toward the pair of flat dies and the
workpiece. However, an excessive amount of the pre-load on the frame members causes an accordingly large amount
of inward deflection of the intermediate portions of the frame members. Therefore, this solution has a limit in the amount
of the pre-load that can be applied to the frame members.

[0005] Thus, it has been difficult to obtain rolled products having a sufficiently high degree of dimensional accuracy,
on the order of several microns, in particular.

SUMMARY OF THE INVENTION

[0006] Itis therefore a first object of the present invention to provide a flat-die type rolling machine which is effective
to solve the problem described above.

[0007] A second object of the invention is to provide a method suitable for fastening together the pair of elongate
frame members and at least one space member interposed therebetween in such a flat-die type rolling machine, for
minimizing the amount of deflection of the frame member due to a rolling reaction force generated in a rolling process.
[0008] The first object indicated above may be achieved according to a first aspect of this invention, which provides
a flat-die type rolling machine comprising a pair of flat dies movable relative and parallel to each other for squeezing
and rolling a workpiece therebetween to shape an outer circumferential surface of the workpiece, and a pair of elongate
frame members extending parallel to each other in a first direction and spaced apart from each other in a second
direction perpendicular to the first direction such that the pair of flat dies are interposed between the pair of elongate
frame members in the second direction, the pair of elongate frame members being connected to each other at opposite
longitudinal ends portions thereof and disposed so as to receive from the pair of flat dies, respectively, respective
components of a rolling reaction force which are transferred from the workpiece to the pair of flat dies in opposite
directions away from each other in the second direction, the flat-die type rolling machine being characterized by further
comprising a fastening device including at least one spacer member interposed between mutually corresponding lon-
gitudinally intermediate portions of the pair of elongate frame members, and at least one tightening rod member each
of which has a longitudinally extending hole for accommodating a heater and applies a tightening force to the pair of
elongate frame members such that the elongate frame members are forced against the at least one spacer member
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in opposite directions toward each other in the above-indicated second direction. The tightening force is generated as
a result of elongation of the at least one tightening rod member by heating thereof by the heater and subsequent
contraction of the at least one tightening member by cooling thereof.

[0009] In the flat-die type rolling machine constructed according to the first aspect of the present invention, a con-
siderably large tightening force is applied to the longitudinally intermediate portions of the elongate frame members,
by so-called "shrinkage tightening" of the at least one tightening rod member. Namely, the sufficiently large tightening
force is generated as a result of elongation of the at least one tightening rod member by heating thereof by activation
of the heater and subsequent contraction of the at least one tightening member by cooling thereof by turning off the
heater. Since the tightening force received by the at least one spacer member interposed between the frame members,
the amount of deflection of the elongate frame members due to a rolling reaction force generated in the rolling operation
on the workpiece is effectively reduced or minimized, leading to a significant improvement in the dimensional accuracy
of rolled products to be obtained by the present rolling machine. The fastening device provided according to the present
invention eliminates a need of increasing the rigidity of the frame members, which unfavorably results in an increase
in the size and weight of the rolling machine. Further, the tightening device adapted to apply the tightening force suf-
ficient to resist the rolling reaction force for minimizing the deflection of the frame members makes it possible to effec-
tively minimize undesirable vibrations and noises which would take place due to pulsation of the rolling reaction force
in the rolling process.

[0010] Inone preferred form of the rolling machine of the invention, each of the above-indicated at least one tightening
rod member is a bolt member extending through the pair of elongate frame members and one of the at least one spacer
member. This bolt member has a head at one of opposite ends thereof, for contact with one of the pair of elongate
frame members, and a threaded end portion remote from the head, the fastening device further including a nut which
engages the threaded end portion of the bolt member so as to be brought into contact with one of the pair of elongate
frame members when the bolt member has been elongated by heating thereof by the heater.

[0011] In another preferred form of the rolling machine, the above-indicated at least one spacer member consists of
two spacer members which are spaced apart from each other in a third direction perpendicular to the first and second
directions, and the above-indicated at least one tightening rod member includes two rod members which extend through
the two spacer members, respectively.

[0012] In one advantageous arrangement of the above preferred form of the rolling machine, the above-indicated at
least one tightening rod member consists of four rod members consisting of two rod members extending through one
of the two spacer members and spaced apart from each other in the first direction, and two rod members extending
through the other of the two spacer members and spaced apart from each other in the first direction.

[0013] In a further preferred form of the rolling machine of this invention, each of the at least one tightening rod
member is formed of a material that permits each tightening rod member to be elongated by heating thereof by an
amount equal to 0.05-0.15% of a distance between outer surfaces of the pair of elongate frame members with which
the at least one tightening rod member is associated for applying the tightening force. For instance, each tightening
rod member may be formed of a chrome-molybdenum steel. The amount indicated above is preferably within a rnage
of 0.06-0.12% of the above-indicated distance, more preferably within a range of 0.08-0.10% of the distance.

[0014] The second object indicated above may be achieved according to a second aspect of this invention, which
provides a method of fastening together the pair of elongate frame members and the at least one spacer member in
the flat-die type rolling machine according to the first aspect of his invention, the method being characterized by com-
prising the steps of: placing at least one tightening rod member on the flat-die type rolling machine, in association with
the pair of elongate frame members and the at least one spacer member interposed therebetween; placing a heater
in the longitudinally extending hole of each of the at least one tightening rod member, and turning on the heater to heat
each tightening rod member, for causing each tightening rod member to be elongated; fixing each tightening rod mem-
ber, after each tightening rod member has been elongated, so that a tightening force is applied to the pair of elongate
frame members such that the elongate frame members are forced against the at least one spacer member in the
opposite directions toward each other in the second direction after each tightening rod member has been contracted
by cooling thereof; and turning off the heater to allow each tightening rod member to be cooled and contracted for
applying the tightening force to the pair of elongate frame members.

[0015] Inone preferred form of the method of the invention, the step of placing the at least one tightening rod member
comprises positioning at least one bolt member such that each of the at least one bolt member extends through the
pair of elongate frame members and the at least one spacer member and such that a head of each bolt member
provided at one of opposite ends thereof is in contact with one of the pair of elongate frame members, and the step of
fixing each tightening rod member comprises screwing a nut on a threaded end portion of each bolt member remove
from the head, in contact with the other of the pair of elongate frame members when each bolt member has been
elongated by heating thereof by the heater.

[0016] In another preferred form of the method of the invention, the step of placing a heater in the longitudinally
extending hole and turning on the heater comprises holding the heater in an on state until each tightening rod member
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has been elongated by an amount equal to 0.05-0.15% of a distance between outer surfaces of the pair of elongate
frame members with which the at least one tightening rod member is associated for applying the tightening force. The
amount indicated above is preferably within a rnage of 0.06-0.12% of the above-indicated distance, more preferably
within a range of 0.08-0.10% of the distance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and other objects, features, advantages and technical and industrial significance of this invention
will be better understood by reading the following detailed description of a presently preferred embodiment of the
invention, when considered in connection with the accompanying drawings, in which:

Fig. 1 is a front elevational view of a flat-die type rolling machine constructed according to one embodiment of this
invention;

Fig. 2 is a cross sectional view taken along line 2-2 of Fig. 1;

Fig. 3 is a cross sectional view taken along line 3-3 of Fig. 1;

Fig. 4 is a right-hand side elevational view of the rolling machine of Fig. 1;

Fig. 5 is a fragmentary view of a fastening device incorporated in the rolling machine of Fig. 1 in two different
states; and

Fig. 6 is a graph showing relationships between a load and amounts of elongation and contraction of elements of
the fastening device of Fig. 5.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] Referring first to Fig. 1, there is shown a flat-die type rolling machine 10, which includes a base 12 and a pair
of generally planar elongate frame members 14 which are fixed on and extend upwards from the upper surface of the
base 12, in parallel with each other. The two frame members 14 are spaced apart from and opposed to each other in
a first horizontal direction. The two frame members 14, which are connected at their lower ends to each other by the
base 12, are connected at their upper ends to each other by a connecting frame 16. Thus, the rolling machine 10 has
a generally portal configuration, as shown in Fig. 1.

[0019] A spacing between the two frame members 14 is determined by two spacer blocks 18, 20 interposed between
mutually corresponding and opposed longitudinally intermediate portions of the two frame members 14. As shown in
Figs. 2 and 3, the spacer block 18 is located at one of widthwise opposite end portions of each frame member 14,
which are opposed to each other, as viewed in a second horizontal direction perpendicular to the first horizontal direction
in which the two frame members 14 are spaced apart from each other. The other spacer block 20 is located at the
other widthwise end portion of each frame member 14. As described below in detail, the two frame members 14 and
the two spacer members 18, 20 are fastened together by four tightening rod members in the form of long tie bolts 48,
and corresponding nuts 50.

[0020] Each of the two frame members 14 has a T-shaped guide rail 22 formed on its inner surface such that the
guide rails 22 of the two frame members 14 extend in the vertical direction and are opposed to each other in the first
horizontal direction. The two frame members 14 carry respective slides 24 which have respective T-shaped slots or
recesses 26 engaging the respective T-shaped guide rails 22. In other words, the slides 24 are vertically slidably
mounted on the guide rails 22. The slides 24 carry respective die holders 30 fixed thereto by suitable means such as
bolts. The die holders 30 support respective flat dies 28 fixed thereto, such that a pair of flat dies 28 are opposed to
each other in the first horizontal direction and are movable in the vertical direction relative to each other with the
respective slides 24.

[0021] Tothe upperend of each slide 24, there is fixed a piston rod 34 of a reciprocating hydraulic cylinder 32 attached
to the connecting frame 16, as shown in Fig. 1. These two reciprocating hydraulic cylinders 32 are controlled to move
the corresponding two slides 24 in the opposite vertical directions so that one of the two flat dies 28 is moved down
with the corresponding slide 24 while the other flat die 28 is moved up with the corresponding slide 24, and vice versa.
As shown in Figs. 2 and 3, each of the slides 24 has a rack 36 fixed thereto such that the rack 36 extends in the vertical
direction. A synchronizer pinion 38 is held in meshing engagement with the two racks 36. As shown in Fig. 2, this
synchronizer pinion 38 is mounted on a rotary shaft 40 which is rotatably supported by the spacer block 20 through
bearings 42. When the two slides 34 are reciprocated in the opposite directions, the reciprocating movements of the
two flat dies 28 with the slides 34 in the opposite directions are accurately synchronized with each other by the racks
36 and pinion 38.

[0022] The distance between the two flat dies 28 is determined so be slightly smaller than the diameter of a cylindrical
workpiece W whose outer circumferential surface is shaped at one of its opposite end portions, by and between the
flat dies 28. Described more specifically, the workpiece W is supported at its opposite axial ends by respective centers
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supported by respective center holders 44, 46 such that the workpiece W is rotatable about its axis which is aligned
with the axis of rotation of the pinion 38. The end portion of the workpiece W to be shaped is squeezed and rolled on
the outer circumferential surface between the two flat dies 28 while the flat dies 28 are reciprocated in synchronization
with each other.

[0023] The center holder 44 is disposed axially movably by a pushing hydraulic cylinder (not shown), to push the
workpiece W for forcing the end portion in between the two flat dies 28. The other center holder 46 extends axially
slidably through the rotary shaft 40, and is connected to a retracting hydraulic cylinder (not shown) which is activated
in synchronization with the pushing hydraulic cylinder, so that the center holder 46 is retracted or pulled as the center
holder 46 is advanced or pushed by the pushing hydraulic cylinder. Namely, the center holders 44, 46 are moved while
the flat dies 28 are reciprocated to axially move the workpiece W while it is squeezed and rolled between the flat dies
28. The axial movement of the workpiece W by the pushing and retracting cylinders permits the workpiece W to be
rolled over a relatively large axial length, even though the dimension of the flat dies 28 in the axial direction of the
workpiece W is relatively small. For instance, the flat dies 28 are designed to form a spline at one axial end portion of
the workpiece W.

[0024] In a rolling operation on the workpiece W by the flat dies 28, the flat dies 28 receive respective components
of a rolling reaction force in opposite directions away from each other toward the two frame members 14. These com-
ponents of the rolling reaction force are transferred from the flat dies 28 to the respective frame members 14 through
the respective die holders 30 and the respective slides 24. More specifically described, the two frame members 14 are
disposed such that the pair of flat dies 28 are interposed between the two frame members 14, so that the frame members
14 receive from the respective flat dies 28 the respective components of the rolling reaction force which are transferred
from the workpiece W. The rolling reaction force is received by a relatively large area of the bearing surface of each
of the guide rails 22 on which the respective slides 24 are slidably mounted. The rolling reaction force thus received
by the two frame members 14 acts on the mutually corresponding longitudinally intermediate portions of the frame
members 14 in the opposite directions away from each other in the direction in which the frame members 14 are spaced
apart from each other.

[0025] The two spacer blocks 18, 20, which are interposed between the longitudinally intermediate portions (vertically
intermediate portions as seen in Fig. 1) of the frame members 14, as indicated above and 3, are located at the widthwise
opposite end portions of each frame member 14, respectively, as shown in Figs. 2 and 3, such that the two slides 24
are located between the two spacer blocks 18, 20 in the second horizontal direction which is the direction of width of
the frame members 14.

[0026] As also indicated above, the two frame members 14 and the two spacer blocks 18, 20 are fastened together
by the four long tie bolts 48 extending these frame members 14 and spacer blocks 18, 20, as shown in Figs. 1, 3 and
4. The two tie bolts 48 extend through the spacer block 18 while the other two tie bolts 48 extend through the other
spacer block 20, as shown in Fig. 4, such that the two tie bolts 48 extending through each of the spacer blocks 18, 20
are located one above the other, as indicated in Fig. 4. Each of the tie bolts 48 has a hexagon head 48a at one of its
opposite ends, and a threaded end portion 48b at the other end, as shown in Fig. 3. A nut 50 is screwed on the threaded
end portion 48b, for thereby forcing the two frame members 14 against the opposite end faces of the corresponding
spacer block 18, 20. It will be understood that the tie bolts 48 serving as the tightening rod members cooperate with
the nuts 50 and the spacer members 18, 20 to constitute a fastening device for fastening the frame members 14 for
protecting the longitudinally intermediate portions of the frame members 14 against the rolling reaction force.

[0027] Described in detail, the four tie bolts 48 extend through holes which are formed through the frame members
14 and the spacer blocks 18, 20 in the first horizontal direction in which the frame members 14 are spaced apart from
each other. The tie bolts 48 and the nuts 50 apply a tightening force to the frame members 14 such that the frame
members 14 are forded against the spacer members 18, 20 in the opposite directions toward each other in the above-
indicated first horizontal direction, so that the tightening force resists the rolling reaction force which acts on the frame
members 14 in the direction opposite to the tightening force. Thus, the tightening force applied by the tie bolts 48 and
the nuts 50 serves to prevent or minimize the outward deflection of the two frame members 14 in the directions away
from each other and from the flat dies 28 and the workpiece W. The tightening force given by the tie bolts 48 and the
nuts 50 is larger than the expected rolling reaction force received from the flat dies 28, so that the frame members 14
are kept forced against the opposite end faces of the spacer blocks 18, 20 even while the rolling reaction force is
generated in the rolling process.

[0028] In order for the tie bolts 48 and the nuts 50 to generate the tightening force, each tie bolt 48 has a longitudinally
extending hole 52 for accommodating a suitable heater which is activated or turned on to generate heat for heating
the tie bolt 48. The heater may be an electrically resistive heating wire coated with an electrically insulating material.
When the frame members 14 and the spacer blocks 18, 20 are fastened together, each tie bolt 48 is first inserted
through the holes in the frame members 14 and spacer blocks 18, 20 such that the head 48a is in contact with the
outer surface of one of the two frame members 14, as shown in Fig. 3. Then, the heater is inserted into the hole 52
formed through the tie bolt 48, and is turned on to generate heat for heating the tie bolt 48 so that the tie bolt 48 is
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elongated in its longitudinal direction by thermal expansion by the heat. When each of the tie bolts 48 has been elon-
gated, the nut 50 is tightened on the threaded end portion 48b of the tie bolt 48 with the nut 50 being forced against
the outer surface of the other frame member 14, as also shown in Fig. 3. Subsequently, the heaters accommodated
in the holes 52 of the tie bolts 48 are turned off or de-energized, to allow the tie bolts 48 to be air-cooled to the ambient
temperature, so that the tie bolts 48 are contracted in the longitudinal direction. As a result, the tightening force larger
than the rolling reaction force is generated by the tie bolts 48. The amount of this tightening force generated by thermal
contraction of the tie bolts 48 is extremely larger than that generated by the conventional tie bar device. For instance,
the tightening force generated by each tie bolt 48 may amount to at least several tens of tons, and the total tightening
force generated by the four tie bolts may amount to at least a few hundreds of tons, as described below in detail.
[0029] The accuracy of rolling on the workpiece W, namely, the dimensional accuracy of the rolled product obtained
by rolling the workpiece W is considerably influenced by the outward deflection of the frame members 14 at their
longitudinally intermediate portions. Although it is desirable to form the two frame members 14 as respective parts of
an integral frame structure, for improving the accuracy of the rolled product, it is difficult orimpossible to do so. However,
the fastening device constructed according to the present embodiment of this invention assures a significantly reduced
amount of deflection of the separate frame members 14, owing to the sufficiently large tightening force by which the
frame members 14 can be held forced against the spacer blocks 18, 20 in the opposite directions toward each other,
even while the rolling reaction force acts on the frame members 14 in the opposite directions away from each other.
Accordingly, the rigidity of the rolling machine is significantly increased by the present fastening device, and the outward
deflection of the frame members 14 is reduced to such an extent as in an arrangement wherein the frame members
are parts of an integral frame structure.

[0030] The increased rigidity of the rolling machine provided by the present fastening device appears to be based
on a fact which will be described.

[0031] When each tie bolt 48 is tightened with the nut 50 in the manner as described above, the tie bolt 48 is subject
to a force of elastic elongation or tension in its longitudinal direction, while at the same time the appropriate spacer
block 18, 20 is subject to a force of elastic contraction or compression. In other words, the spacer block 18 can be
considered to be equivalent to a compression spring whose rigidity is extremely high. Fig. 5 schematically illustrates
this state at (a), while no rolling reaction force is generated. That is, a tensile force Pi acting on the tie bolt 48 is equal
to a compressive force Pi acting on the spacer block 18, with the tensile force Pi acting in the opposite directions away
from each other while the compressible force Pi acting in the opposite directions toward each other, as indicated at (a)
in Fig. 5. The tensile or compressive force Pi (internal force Pi) is considered to be the tightening force when the rolling
reaction force is not applied to the frame members 14.

[0032] When the rolling reaction force P acts on the frame members 14 as indicated at (b) in Fig. 5, causing an
additional amount of elongation § of the tie bolt 48, the tensile force acting on the tie bolt 48 is increased by Pb, while
the compressive force acting on the spacer block 18 is reduced by Pc. The amount Pb of increase of the tensile force
and the amount Pc of reduction of the compressive force are expressed as the following equations (1) and (2), respec-
tively:

Pb = Kbs 1)

Pc = Kcd (2)

wherein

Kb = spring constant of the tie bolt 48
Kc = spring constant of the spacer block 18

[0033] The rolling reaction force P applied to the frame members 14 is therefore expressed by the following equation
(3), which indicates the equilibrium of the forces:
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P = (Pi + Pb) - (Pi - Pc)
= Pb + Pc
= (Kb + Kc)é
§ = P/(Kb + KC) tiiinennennnnncenns (3)

[0034] From the above equations (1) and (3), the following equation (4) will be obtained:

Pb = [Kb/(Kb + Kc)]-P )

[0035] It will be understood from the above equation (4) that the amount Pb of increase of the tensile force acting
on the tie bolt 48 upon application of the rolling reaction force P to the tie bolt 48 is not be equal to the entire amount
of the rolling reaction force P, but is equal to a fraction of the force P as calculated according to the above equation (4).
[0036] The above equation (4) is expressed by a graph in Fig. 6, wherein the amount of elongation of the tie bolt 48
and the amount of contraction of the spacer block 18 are taken along the abscissa while the force or load is taken
along the ordinate, and the point at which the rolling reaction force P is zero (P = 0) indicates the state indicated at (a)
in Fig. 5. When the rolling reaction force P is applied to the tie bolt 48, only a portion P of this force P acts on the tie
bolt 48, and the amount of elongation of the tie bolt 48 due to the additional tensile force force Pb applied thereto is
reduced to be §, as indicated in the graph.

[0037] If the spacer block 18 were not provided, that is, if the frame members 14, 14 were connected to each other
by a suitable tie bar device, the entirety of the rolling reaction force P would act on the tie bar as P2, and the amount
of elongation of the tie bar would be equal to 62, which is considerably larger than the elongation amount &. The
elongation amount 42 is the total amount of outward deflection of the two frame members 14, 14, that is, an amount
of increase of the distance between the two flat dies 28 in the direction in which the frame members 14 are spaced
apart from each other. However, the fastening device 18, 20, 48, 50 according to the present embodiment permits a
significant reduction in the amount of increase of the distance between the flat dies 28, thereby assuring an accordingly
increased degree of accuracy of rolling operation in the flat-die type rolling machine 10.

[0038] The fastening device 18, 20, 48, 50 is effective particularly where a rolling operation on the workpiece W is
performed while the workpiece W is axially fed by the pushing and retracting hydraulic cylinders connected to the center
holders 44, 46 as described above. In this case, the rolling operation is effected over a relatively large axial length of
the workpiece W, and the rolling reaction force tends to be large. The present fastening device permits a reduced
variation in the dimensional accuracy of the rolled product, namely, an improved dimensional accuracy on the order of
several microns, even where the rolling reaction force is considerably large.

[0039] An experiment conducted by the present inventor showed that a rolling reaction force of about 20 tons was
generated during a rolling operation on the workpiece W having a diameter of 20mm. This rolling reaction force caused
about 0.05mm deflection of the frame members 14, 14 which are not connected to each other by any means at their
longitudinally intermediate portions. Deflection of the frame members by such a large amount did not assure a high
degree of accuracy of the rolled product. On the other hand, an experiment showed that the frame members 14 whose
intermediate portions are forced against the spacer blocks 18, 20 with the tightening force applied by the fastening
device 18, 20, 48, 50 suffered from outward deflection of as small as several microns, permitting the workpiece W to
be rolled with considerably improved accuracy.

[0040] Further, the reduced amount of outward deflection of the frame members 14 by the large tightening force
generated by contraction of the tie bolts 48 after their elongation by heating assures accordingly reduced amounts of
vibration of the frame members 14 and resulting noise, which would take place due to pulsation of the rolling reaction
force. An experiment conducted by the present inventor showed the rolling noise of 75 db. or lower on the present
rolling machine 10, which is considerably lower than the rolling noise of 80 db. on the conventional rolling machine.
[0041] Since the fastening device 18, 20, 48, 50 gives the frame members 14 a sufficiently high degree of rigidity for
assuring the rolling accuracy on the order of several microns, the required mass of the frame members 14 can be
considerably reduced, with a relatively small transverse cross sectional area, thereby permitting a reduction in the size
of the rolling machine 10 as a whole.

[0042] As is apparent from the graph of Fig. 6, the amount of elongation 6 of the tie bolts 48 can be reduced as long
as the spacer blocks 18, 20 are held elastically compressed by the tightening force generated by the tie bolts 48.
Although this does not require the tie bolts 48 to generate the original tightening force Pi larger than the rolling reaction
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force P, the original tightening force Pi is required to be determined so that the spacer blocks 18, 20 are held compressed
even when the rolling reaction force P is applied to the tie bolts 48.
[0043] A longitudinal modulus of elasticity E of each tie bolt 48 is expressed by the following equation (5):

E = Pi-¢/A'M (5)

wherein
Pi = Tightening force (Kg) generated by each tie bolt 48,
E= longitudinal modulus of elasticity (Kg/cm?) of the tie bolt 48,

€= distance (cm) between the outer surfaces of the frame members 14 with which the head 48a and the nut 50
are held in contact, as indicated in Fig. 3,

A= transverse cross sectional surface area (cm?) of the tie bolt 48, and
A= amount of elongation (cm) of the tie bolt 48 by heating.

[0044] The tightening force Pi generated by elongation of each tie bolt 48 and subsequent cooling of the same is
expressed by the following equation (6), which is obtained by conversion from the above equation (5):

Pi=E-AMC (6)

Where the tie bolt 48 has an outside diameter D1 (Fig. 3) of 8cm and an inside diameter D2 (Fig. 3) of 2cm, the
cross sectional surface area A is about 47.1cm?2. Where this tie bolt 48 is formed of a chrome-molybdenum steel (SCM
435) having a longitudinal modulus of elasticity of 2,100,000Kg/cm?2, and the distance € is 70cm, the tightening force
Pi generated when the amount of elongation A is 0.06cm is calculated as indicated below, according to the above
equation:

Pi=2,100,000 x 47.1 x 0.06/70 = 84,780Kg = 84.78tons

[0045] Therefore, the total tightening force Pi generated by the four tie bolts 48 is 339.12tons. In the conventional
tie bar device, the tightening force generated by one tie bar is about 25tons, so that the total tightening force if the tie
bar device has four tie bars is about 100tons. Thus, the tightening force generated by the fastening device 18, 20, 48,
50 in the above specific example is more than three times the tightening force generated by the conventional tie bar
device.

[0046] In the above example, the amount of elongation of each tie bolt 48 is about 0.06cm, which is about 0.0857%
of the distance € of 70cm. However, the amount of elongation of the tie bolt 48 is desirably selected within a range of
about 0.05-0.15% of the distance ¢, preferably, within a range of about 0.06-0.12% of the distance ¢, and more preferably
within a range of about 0.08-0.10% of the distance €.

[0047] In the illustrated embodiment, the sliders 24 on which the flat dies 28 are mounted are adapted to be recip-
rocated in the vertical direction, the flat dies 28 may be reciprocated in the horizontal direction. While the two slides
24 are reciprocated by the respective reciprocating hydraulic cylinders 32, only one of the slides 24 may be reciprocated
relative to the other stationary slide 24. The illustrated embodiment is adapted such that the workpiece W is fed in the
axial direction as the flat dies 28 are reciprocated repeatedly, the principle of the present invention is applicable to a
flat-die type rolling machine adapted to roll a workpiece by one movement of at least one of two flat dies in one direction.
[0048] Itis to be understood that the present invention may be embodied with various changes, modifications and
improvements, which may occur to those skilled in the art, in the light of the foregoing teachings.

Flat-die type rolling machine having a pair of parallel flat dies (28) movable relative to each other for rolling a workpiece
(W) therebetween, and a pair of parallel elongate frame member (14) spaced apart from each other, connected at their
opposite longitudinal end portions and disposed so as to receive rolling reaction forces transferred from the workpiece
to the flat dies in opposite directions away from each other, the machine including a fastening device having at least
one spacer member (18, 20) interposed between intermediate portions of the frame members, and at least one tight-
ening rod member (48) each having a longitudinal hole for accommodating a heater and adapted to apply a tightening
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force to the frame members such that the frame members are forced against the at least one spacer member in opposite
directions toward each other, wherein the tightening force is generated as a result of elongation of the at least one
tightening rod member by heating thereof by the heater and subsequent contraction of the same by cooling thereof.

Claims

1. A flat-die type rolling machine comprising a pair of flat dies (28) movable relative and parallel to each other for
squeezing and rolling a workpiece (W) therebetween to shape an outer circumferential surface of the workpiece,
and a pair of elongate frame members (14) extending parallel to each other in a first direction and spaced apart
from each other in a second direction perpendicular to said first direction such that said pair of flat dies are inter-
posed between said pair of elongate frame members in said second direction, said pair of elongate frame members
being connected to each other at opposite longitudinal ends portions thereof and disposed so as to receive from
said pair of flat dies, respectively, respective rolling reaction forces which are transferred from said workpiece to
said pair of flat dies in opposite directions away from each other in said second direction, characterized by further
comprising:

afastening device (18, 20, 48, 50) including at least one spacer member (18, 20) interposed between mutually
corresponding longitudinally intermediate portions of said pair of elongate frame members (14), and at least one
tightening rod member (48) each of which has a longitudinally extending hole (52) for accommodating a heater
and applies a tightening force to said pair of elongate frame members such that said elongate frame members are
forced against said at least one spacer member in opposite directions toward each other in said second direction,
said tightening force being generated as a result of elongation of said at least one tightening rod member by heating
thereof by said heater and subsequent contraction of said at least one tightening member by cooling thereof.

2. A flat-die type rolling machine according to claim 1, wherein each of said at least one tightening rod member is a
bolt member (48) extending through said pair of elongate frame members (14) and one of said at least one spacer
member (18, 20), said bolt member having a head (48a) at one of opposite ends thereof, for contact with one of
said pair of elongate frame members, and a threaded end portion (48b) remote from said head, said fastening
device further including a nut (50) which engages said threaded end portion of said bolt member so as to be brought
into contact with one of said pair of elongate frame members when said bolt member has been elongated by
heating thereof by said heater.

3. Aflat-die type rolling machine according to claim 1 or 2, wherein said at least one spacer member consists of two
spacer members which are spaced apart from each other in a third direction perpendicular to said first and second
directions, and said at least one tightening rod member includes two rod members (48) which extend through said
two spacer members, respectively.

4. A flat-die type rolling machine according to claim 3, wherein said at least one tightening rod member consists of
four rod members (48) consisting of two rod members extending through one of said two spacer members and
spaced apart from each other in said first direction, and two rod members extending through the other of said two
spacer members and spaced apart from each other in said first direction.

5. Aflat-die type rolling machine according to any one of claims 1-4, wherein each of said at least one tightening rod
member (48) is formed of a material that permits said each tightening rod member to be elongated by heating
thereof by an amount equal to 0.05-0.15% of a distance between outer surfaces of said pair of elongate frame
members with which said at least one tightening rod member is associated for applying said tightening force.

6. A flat-die type rolling machine according to claim 5, wherein said amount is 0.06-0.12% of said distance.

7. Aflat-die type rolling machine according to claim 6, wherein said amount is 0.08-0.10% of said distance.

8. Aflat-die type rolling machine according to any one of claims 5-7, wherein said material is a chrome-molybdenum
steel.

9. A method of fastening together said pair of elongate frame members (14) and said at least one spacer member
(18, 20) in the flat-die type rolling machine defined in claim 1, characterized by comprising the steps of:

placing at least one tightening rod member (48) on the flat-die type rolling machine, in association with said
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pair of elongate frame members (14) and said at least one spacer member (18, 20) interposed therebetween;
placing a heater in said longitudinally extending hole (52) of each of said at least one tightening rod member,
and turning on said heater to heat said each tightening rod member, for causing said each tightening rod
member to be elongated;

fixing said each tightening rod member, after said each tightening rod member has been elongated, so that a
tightening force is applied to said pair of elongate frame members such that said elongate frame members
are forced against said at least one spacer member in the opposite directions toward each other in said second
direction after said each tightening rod member has been contracted by cooling thereof; and

turning off said heater to allow said each tightening rod member to be cooled and contracted for applying said
tightening force to said pair of elongate frame members.

A method according to claim 9, wherein said step of placing said at least one tightening rod member comprises
positioning at least one bolt member (48) such that each of said at least one bolt member extends through said
pair of elongate frame members and said at least one spacer member and such that a head of said each bolt
member provided at one of opposite ends thereof is in contact with one of said

A method according to claim 9 or 10, wherein said step of placing a heater in said longitudinally extending hole
(52) and turning on said heater comprises holding said heater in an on state until said each tightening rod member
has been elongated by an amount equal to 0.05-0.15% of a distance between outer surfaces of said pair of elongate
frame members (48) with which said at least one tightening rod member is associated for applying said tightening
force. pair of elongate frame members, and said step of fixing said each tightening rod member comprises screwing
a nut on a threaded end portion of said each bolt member remove from said head, in contact with the other of said
pair of elongate frame members when said each bolt member has been elongated by heating thereof by said heater.

A method according to claim 11, wherein said amount is 0.06-0.12% of said distance.

A method according to claim 12, wherein said amount is 0.08-0.10% of said distance.

10
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