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(54) Burr removing method

(57) A burr removing method comprises the steps
of disposing a cutter (11) having a circular cutting edge
such that the flank of the cutter (11) is substantially in
parallel with the surface of a steel piece (1) on which a
burr (2) exists and the following formula is satisfied with
respect to the burr (2):

R/2 + W/2 < ∆ < R - W/2 (1),

wherein W shows the width of the burr (2), R shows the
radius of the cutter (11), and ∆ shows the shortest dis-
tance from the center of the cutter to the center line of
the width of the burr; and cutting the burr (2) located at
an edge of the steel piece (1) by the cutter (41) by rel-
atively moving the cutter (41) toward the outside of the
steel piece (1) along the lengthwise direction of the burr
(2).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a burr remov-
ing method for removing burrs such as welding burrs
and the like which are formed when, for example, billets
and the like are subjected to butt welding in the contin-
uous rolling of steel bars and the like.

BACKGROUND ART

[0002] In conventional steel rolling lines, steel pieces
such as billets, blooms and the like are rolled one by
one and made to products. Recently, however, Japa-
nese Unexamined Patent Publication Nos. 52-43754,
58-151971, 61-30287 and the like propose a method of
subjecting a plurality of steel pieces such as billets and
the like, which were extracted from a heating furnace,
to flash butt welding and continuously rolling them to
prevent the drop of a yield caused by the removal of the
crop portions at the leading and trailing ends of the steel
pieces and to increase productivity.
[0003] When steel pieces are welded to each other by
flash butt welding, welding burrs are formed to them at
the welded sections thereof by the flash and pressure
applied thereto. Since the welding burrs are relatively
large, they act as flaws in the rolling operation carried
out thereafter Thus, there is a possibility that a yield is
lowered by the flaws, and when the steel pieces are
wires and like, there is a possibility that they are broken
at the portions of the flaws while they are rolled. Accord-
ingly, the welding burrs must be perfectly removed be-
fore the steel pieces are rolled.
[0004] Japanese Unexamined Patent Publication
Nos. 51-42040, 53-147649, 4-178273 and the like dis-
close burr removing apparatuses for a flash butt welder.
However, any of the burr removing apparatuses pro-
posed by them has a fixed-blade-type burr removing unit
assembled therein for cutting welding burrs with a cutter
fixed between a welder main body and a steel piece
moving car so that the welding burrs can be cut just after
a welding operation is finished because the cutting re-
sistance of them is low at the time.
[0005] Further, Japanese Unexamined Utility Model
Publication Nos. 59-176711, 61-199312 and the like dis-
close a rotary-blade-type burr removing apparatuses for
removing a burr formed at an edge of a steel piece by
pressing a rotatable circular cutting edge against the
burr.
[0006] However, in any of the fixed-type-blade and ro-
tary-blade-type burr removing methods, when a stripe-
shaped burr 3 formed across the surface of a steel piece
1 is cut along the burr using a cutter 5 as shown in Fig.
1, a protruding burr 4 is formed at an edge of the steel
piece 1 although the cut burr 3 is removed to the, outside
of the steel piece 1 as a cut chip. Accordingly, a problem
of the drop of a yield and the like described above is

caused by the protruding burr 4 in the rolling operation
carried out thereafter.
[0007] JP-U-4133512 discloses another burr remov-
ing apparatus.

DISCLOSURE OF THE INVENTION

[0008] An object of the present invention is to provide
a burr removing method by which no protruding burr is
formed at the edge of a steel piece from which a burr is
removed.
[0009] The above object can be achieved by a burr
removing method which comprises the steps recited in
claim 1.
[0010] The burr located at an edge of a steel piece is
cut by disposing the cutter having the circular cutting
edge such that the flank of the cutter is substantially in
parallel with the surface of the steel piece on which the
burr exists and the following formula is satisfied with re-
spect to the burr:

, where W shows the width of the burr, R shows the ra-
dius of the cutter, A shows the shortest distance from
the center of the cutter to the center line of the width of
the burr; and cutting the burr located at the edge of the
steel piece by the cutter by relatively moving the cutter
toward the outside of the steel piece along the length-
wise direction of the burr.
[0011] As a rotatable cutter having a circular cutting
edge is used, a burr can be naturally cut with a different
portion of the circular cutting edge without the need of
a drive force, whereby the life of the cutter can be in-
creased.
[0012] Further, when a cutter having a circular cutting
edge is used, a burr located at an edge of a steel piece
may be cut by disposing the cutter having the circular
cutting edge such that the flank of the cutter is substan-
tially in parallel with the surface of the steel piece on
which the burr exists and the center of the cutter is lo-
cated outwardly of the edge of the steel piece which the
burr intersects; and cutting the burr located at the edge
of the steel piece by relatively moving the cutter perpen-
dicularly to the lengthwise direction of the burr (claim 3).
[0013] As a rotatable cutter having a circular cutting
edge is used as the cutter as described above, the life
of the cutter can be increased.

BRIEF DESCRIPTION OF DRAWINGS

[0014]

Fig. 1 is a schematic view of a conventional burr
removing method.
Fig. 2 is a schematic view of a burr removing meth-
od using a cutter having a polygonal cutting edge

R/2 + W/2 < ∆ < R - W/2 (1)
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(not part of the present invention).
Fig. 3 is a view showing the positional relationship
between a cutter and a surface of a steel piece.
Fig. 4A - Fig. 4E are schematic views (side eleva-
tional views) of a burr removing method using a cut-
ter having a circular cutting edge as an example of
the present invention.
Fig. 5A - Fig. 5E are plan views of Fig. 3A - Fig. 4E,
respectively.
Fig. 6A and Fig. 6B are views explaining Fig. 4C
and Fig. 4E in detail, respectively.
Fig. 7A and Fig. 7B are views explaining the posi-
tional relationship between the cutter having the cir-
cular cutting edge and a burr.
Fig. 8 is a schematic view of a burr removing meth-
od using a cutter having a polygonal cutting edge
(not part of the present invention).
Fig. 9A - Fig. 9E are schematic views (plan views)
of a burr removing method using a cutter having a
circular cutting edge as another example of the
present invention.
Fig. 10 is a view showing that the two cutters in Fig.
9A - Fig. 9E are disposed along the lengthwise di-
rection of a burr.
Fig. 11A - Fig. 11G are schematic views (plan views)
of a burr removing method using a cutter having a
circular cutting edge as still another example of the
present invention.
Fig. 12 is a schematic view of a burr removing ap-
paratus.
Fig. 13 is a schematic view of a burr removing ap-
paratus.

BEST MODE FOR CARRYING OUT THE INVENTION

[0015] As described above, a protruding burr is
formed when a burr located at an edge of a steel pipe
is cut by the cutting edge of a cutter through the force
applied thereto by the cutter to cause the burr to be
pushed out to the outside of the steel piece. Therefore,
the occurrence of the protruding burr can be prevented
when the burr is cut by the force applied thereto in such
a manner that the force is directed inward of the steel
piece place of force for pushing out the burr outward
from the edge of the steel piece.
[0016] Burr removing methods of the present inven-
tion are based on this fundamental principle. Therefore,
the present invention relates to methods of removing a
burr located at an edge of a steel piece. While the meth-
ods of the present invention are applicable to a burr lo-
cated in the interior of a steel piece, even if the burr is
cut by another method, the effect of the present inven-
tion is not spoiled.

Embodiment 1

[0017] Fig. 2 schematically shows a burr removing
method using a cutter having a polygonal cutting edge

(not part of the present invention).
[0018] In the method, a cutter 41 having a polygonal
cutting edge 42 is disposed such that the flank of the
cutter 41 (lower surface of the cutter in the figure) is sub-
stantially in parallel with the surface of a steel piece 1
on which a burr 2 exists and the angle a between the
polygonal cutting edge 42, which cuts the burr 2, and
the edge of the steel piece 1 which intersects the burr 2
is at least 45°. Then, the burr 2 at the edge of the steel
piece 1 is cut by moving the cutter 41 toward the outside
of the steel piece 1 along the lengthwise direction of the
burr 2.
[0019] Since the burr 2 is cut with the angle a between
the polygonal cutting edge 42, which cuts the burr 2, and
the edge of the steel piece 1, which the burr 2 intersects,
set to at least 45°, a press load Fa, which is a component
force of a cutting reaction force imposed on the polygo-
nal cutting edge 42 and directed toward the outside of
the edge of the steel piece 1, can be made smaller than
a vertical reaction force Fb whose direction is in parallel
with the edge of the steel piece 1. Accordingly, a cut burr
3 is pushed inward of the steel piece 1 in place of out-
ward thereof, and thus no protruding burr is formed.
[0020] Note that when the flank of the cutter 41 is set
substantially in parallel with the surface of the steel
piece 1 on which the burr 2 exists, it is sufficient to set
the angle β (hereafter, referred to as flank angle) be-
tween the flank of the cutter 41 and the surface of the
steel piece 1 to 1 - 5° as shown in Fig. 3. Further, the
angle γ (hereinafter referred to as rake angle) between
the cutting surface of the cutter 41 and a perpendicular
line vertical to the surface of the steel piece 1, is suitably
selected in consideration of a cutting resistance and the
life of the cutter depending upon an included angle θ.
[0021] Further, the shape of the polygonal cutting
edge 42 need not be perfectly polygonal, and the effect
of the present invention can be obtained even if the an-
gles of it are rounded or the cutting edge is made some-
what to an arc-shape. In an arc-shaped cutting edge, it
is sufficient to set the angle between the tangential line
of a circle and the edge of the steel piece which a burr
intersects to at least 45°.

Embodiment 2

[0022] Fig. 4A - Fig. 4E and Fig. 5A - Fig. 5E sche-
matically show a burr removing method using a cutter
having a circular cutting edge as an example of the
present invention.
[0023] This is a cutting method of cutting a burr 2 at
an edge of a steel piece by moving the cutter 11 having
the circular cutting edge in such a manner that the cutter
11 is moved toward the outside of the steel piece 1 along
the lengthwise direction of the burr 2 while maintaining
the flank of the cutter 11 substantially in parallel with the
surface of the steel piece 1 on which the burr 2 exists.
[0024] At the time, when the following formula (1) is
satisfied, the press load Fa directed toward the outside
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of the edge of the steel piece 1 can be made smaller
than the vertical reaction force Fb whose direction is in
parallel with the edge of the steel piece 1 because the
burr 2 is cut with the circular cutting edge which is locat-
ed at a position spaced apart from the line, which passes
through the center of the cutter 11 and is in parallel with
the burr 2, by at least R/2 as shown in Fig. 6A.

Therefore, as shown in Fig. 6B, when the burr 2 is
pushed and cut with the travelling speed Va of the cutter
11, no protruding burr is formed because a cut burr 3 is
pushed out toward the direction Vb on the surface of the
steel piece 1 in place of being pushed out into a free
space.
[0025] The above formula (1) is derived from the po-
sitional relationship between the cutter 11 having the cir-
cular cutting edge shown in Figs. 7A and 7B and the
burr 2. That is, the shortest distance ∆ from the center
of the cutter 11 to the center line of the width of the burr
2 must be less than (R - W/2) to perfectly cut the burr 2
(Fig. 7A). Further, the shortest distance ∆ must exceed
(R/2 + W/2) to cut the burr 2 with the cutting edge located
at a position spaced apart from the line, which passes
through the center of the cutter 11 and is in parallel with
the burr 2, by at least R/2 (Fig. 7B), from which the above
formula (1) is derived.

Embodiment 3

[0026] Fig. 8 schematically shows a burr removing
method using a cutter having a polygonal cutting edge
(not part of the present invention).
[0027] In the method, a cutter 41 having a polygonal
cutting edge 42 is disposed such that the flank of the
cutter 41 is substantially in parallel, with the surface of
a steel piece 1 on which a burr 2 exists and the angle δ
between the polygonal cutting edge 42 which cuts the
burr 2 and the edge of the steel piece 1 which the burr
2 intersects is 90° or less. Then, the burr 2 at the edge
of the steel pipe 1 is cut by moving the cutter 41 so as
to be perpendicular to the lengthwise direction of the
burr 2.
[0028] Since the burr 2 is cut in such a manner that
the angle δ between the polygonal cutting edge 42 which
cuts the burr 2 and the edge of the steel piece 1 which
intersects the burr 2 is 90° or less, no protruding burr is
formed because the burr 2 at the edge of the steel piece
1 is pushed toward the inside of the steel piece 1.
[0029] Note that the positional relationship between
the cutting edge and the surface of the steel piece and
the shape of the polygonal cutting edge are similar to
those of the embodiment 1.

R/2 + W/2 < ∆ < R - W/2 (1)

Embodiment 4

[0030] Fig. 9A - Fig. 9E schematically show a burr re-
moving method using a cutter having a circular cutting
edge as another example of the present invention.
In the method, two cutters 11a and 11b each having a
circular cutting edge are disposed such that the flanks
of the cutters 11a and 11b are substantially in parallel
with the surface of a steel piece 1 on which a burr 2
exists and the centers of the cutters 11a and 11b are
separately located outwardly of both the edges of the
steel piece 1 which the burr 2 intersects, respectively.
Then, the burr 2 located at both the edges of the steel
piece 1 is cut by moving the steel piece 1 so as to be
perpendicular to the lengthwise direction of the burr 2.
[0031] Since the two cutters 11a and 11b are disposed
such that the centers thereof are separately located out-
wardly of both the edges of the steel piece 1 which the
burr 2 intersects, respectively, the burr 2 located at both
the edges of the steel piece 1 is pushed toward the in-
side of the steel piece 1. Thus, no protruding burr is
formed.
[0032] At the time, when the two cutters 11a and 11b
are disposed so as to form an overlapped portion σ in
the lengthwise direction of the burr 2 as shown in Fig.
10, the burr 2 can be perfectly removed only by the two
cutters 11a and 11b.
[0033] Fig. 11A - Fig. 11G show a method of using
three cutters 11a, 11b and 11c each having a circular
cutting edge. Similarly to the case shown in Fig. 9A - 9E,
the burr 2 located at both the edges of the steel piece 1
is removed without the occurrence of a protruding burr
by the two cutters 11a and 11c which are disposed such
that the centers thereof are separately located outward-
ly of both the edges of the steel piece 1 which the burr
2 intersects. Then, the burr 2 is perfectly removed be-
cause the portion of the burr 2 located in the vicinity of
the center of the steel piece 1 in the width direction
thereof is removed using the cutter 11b disposed be-
tween the cutters 11a and tic so as to be overlapped
therewith.
[0034] Fig. 12 schematically shows a burr removing
apparatus. In the apparatus, the two cutters 11a and 11b
each having the circular cutting edge are disposed to
satisfy the above formula (1) with respect to a burr 2 on
the surfaces of a steel piece 1 confronting each other
and cut the burr 2 of the steel piece 1 by being relatively
moved along the lengthwise direction of the burr 2.
[0035] The cutters 11a and 11b are disposed so as to
satisfy the above formula (1) with respect to the burr 2
by adjusting the movement of the steel piece 1. When
the burr is cut, the steel piece 1 stops and the cutters
11a and 11b simultaneously move from one end of the
steel piece 1 to the other end thereof along the length-
wise direction of the burr 2 located on the confronting
surfaces of the steel piece 1.
[0036] Therefore, not only the portions of the burr 2
at the edges of the steel piece 1 but also the entire burr
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2 is perfectly removed as a whole.
[0037] When the burr 2 on the surface of the steel
piece 1 being moved is detected by a burr detector 50,
a burr detecting signal is supplied to a drive control
mechanism 60. Then, a linearly-moving actuator is ac-
tuated which is composed of a fluid pressure cylinder,
an electric ball screw or the like, and laterally mounted
on a base plate 22 disposed so as to be perpendicular
to the steel piece 1 through flanges 27a and 27b. Thus,
a Y-shaped base frame 25 mounted to the distal end of
the linearly-moving actuator 26 slides in the direction of
the steel piece 1 along cutting guide rails 21a and 21b
disposed on the base plate 22. With this operation, the
cutters 11a and 11b, which are disposed to the distal
ends of the Y-shaped base frame 25 through cutter hold-
ers 17a and 17b and bearing cases 16a and 16b, ap-
proach the burr 2. At the time, the steel piece 1 is
stopped at a position where the cutters 11a and lib sat-
isfy the above formula (1) with respect to the burr 2.
Thereafter, the cutters 11a and 11b are moved along the
lengthwise direction of the burr 2 by the linearly-moving
actuator 26, to thereby cut the burr 2. Since the cutters
11a and 11b are disposed so as to satisfy the above for-
mula (1) with respect to the burr 2, the burr 2 located at
the edge of the steel piece 1 is cut without the occur-
rence of a protruding burr.
[0038] The two cutters 11a and 11b are fixed in bear-
ing cases 16a and 16b so that they can be rotated
through bearings. Stoppers 15a and 15b on the bearing
cases 16a and 16b prevent the removal of the bearings
from the bearing cases 16a and 16b. Further, the bear-
ing cases 16a and 16b are fixed to the cutter holders
17a and 17b so as to have a desired clearance angle β.
Chip removing plates 18a and 18b are mounted on the
cutter holders 17a and 17b so as to almost in contact
with the peripheral surfaces of the cutters 11a and 11b.
Since the cutters 11a and 11b can be rotated through
the bearings, they can naturally carry out a cutting op-
eration at a different portion of the circular cutting edge
without the need of a driving force, whereby the life of
the cutters can be increased.
[0039] When welding burrs are removed in the con-
tinuous rolling and the like of billets, two sets of the ap-
paratuses are successively disposed and mechanism is
provided to move the respective apparatuses in syn-
chronism with the movement of the billets. With this ar-
rangement, all the welding burrs formed on the four sur-
faces of the billets can be cut while the billets are moved.
[0040] Fig. 13 schematically shows a burr removing
apparatus. In the apparatus, the two cutters 11a and 11b
each having the circular cutting edge are disposed such
that the centers of the cutters 11a and 11b are separate-
ly located outwardly of both the edges of a steel piece
1 which a burr 2 intersects, and the burr 2 of the steel
piece 1 is cut by relatively moving the steel piece 1 so
that the two cutters 11a and 11b are perpendicular to
the lengthwise direction of the burr 2.
[0041] The two cutters 11a and 11b are previously set

such that the centers thereof are separately located out-
wardly of both the edges of the steel piece 1 which the
burr 2 intersects and the positions of the cutters in the
width direction of the steel piece 1 is fixed. Therefore,
the width of the steel piece 1 from which the burr 2 is
cut is always constant. When the burr 2 is cut, the cutters
11a and 11b are lowered and stopped on the surface of
the steel piece 1. Then, the burr 2 of the moving steel
piece 1 is cut from a direction perpendicular to the
lengthwise direction of the burr 2. Further, since the two
cutters 11a and 11b re disposed such that they are partly
overlapped each other along the lengthwise direction of
the burr 2, not only the portions of the burr 2 at the edges
of the steel piece 1 but also the entire burr 2 is perfectly
removed as a whole.
[0042] When the burr 2 on the surface of the steel
piece 1, which is moved on transportation rollers, is de-
tected by the burr detector 50, a burr detecting signal is
supplied to the drive control mechanism 60. Then, hy-
draulic cylinders 70 disposed above the steep piece 1
is actuated and the cutters 11a and 11b, which are
mounted on the distal ends of the hydraulic cylinders 70
through cutter holders 17a and 17b, are lowered and
stopped at the positions on the surface of the steel piece
1 which are suitable for the cut of the burr 2. Since the
steel piece 1 is being moved, the burr 2 on the steel
piece 1 is cut with the cutters 11a and 11b from a direc-
tion perpendicular to the lengthwise direction of the burr
2. Since the cutters 11a and 11b are disposed such that
the centers thereof are separately located outwardly of
both the edges of the steel piece 1 which the burr 2 in-
tersects, the burr 2 located at the edges of the steel
piece 1 is cut without the occurrence of a protruding burr.
[0043] Oil is pumped from an oil tank 73 by an oil
pump 72 and supplied to the hydraulic cylinders 70
through hydraulic pipes 71.
[0044] When welding burrs are removed in the con-
tinuous rolling and the like of billets, four sets of the ap-
paratuses are successively disposed such that the re-
spective cutters confront the four surfaces of the billets.
With this arrangement, all the welding burrs formed on
the four surfaces of the billets can be continuously cut.

Claims

1. A burr removing method comprising the steps of
disposing a cutter (11) having a circular cutting edge
such that the flank of the cutter (11) is substantially
in parallel with the surface of a steel piece (1) on
which a burr (2) exists and the following formula is
satisfied with respect to the burr (2):

, wherein W shows the width of the burr (2), R shows
the radius of the cutter (11), and ∆ shows the short-

R/2 + W/2 < ∆ < R - W/2 (1)
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est distance from the center of the cutter to the cent-
er line of the width of the burr; and cutting the burr
(2) located at an edge of the steel piece (1) by the
cutter (41) by relatively moving the cutter (41) to-
ward the outside of the steel piece (1) along the
lengthwise direction of the burr (2).

2. A method according to claim 1, wherein two cutters
(11a, 11b) are provided, each having a circular cut-
ting edge, which are caused, by means of a drive
control mechanism (60), to approach a burr (2) in
response to a burr detecting signal issued by a burr
detector (50; and which are disposed so that said
formula (1) is satisfied with respect to the burr (2)
and then moved along the lengthwise direction of
the burr (2), wherein the two cutters (11a, 11b) are
disposed across said steel piece (1).

3. A burr removing method comprising the steps of
disposing a cutter (11) having a circular cutting edge
such that the flank of the cutter (11) is substantially
in parallel with the surface of a steel piece (1) on
which a burr (2) exists and the center of the cutter
(11) is located outside of the edge of the steel piece
(1) which the burr (2) intersects; and cutting the burr
(2) located at an edge of the steel piece (1) by rel-
atively moving the cutter (11) perpendicularly to the
lengthwise direction of the burr (2).

4. A method according to claim 3, wherein at least two
cutters (11a-c) are provided, two of which have a
circular cutting edge and are each disposed such
that its center is located outside of one of the two
edges of the steel piece (1) which the burr (2) inter-
sects, and wherein said at least two cutters (11a-c)
are caused, by means of a drive control mechanism
(60), to approach said burr (2) in response to a burr
detecting signal issued by a burr detector (50).

5. A method according to any one of claims 1 to 4,
wherein a rotatable cutter (11) having a circular cut-
ting edge is used.

9 10
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