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(57) Abregé/Abstract:
Cutting portion regions 16 of replaceable blades 15 that extrude outward in a radial direction at a plurality of portions in a peripheral
direction of an outer periphery of a body 11 of a finger joint cutter are arranged In that, as for a cutting portion material that
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(57) Abrege(suite)/Abstract(continued):

comprises cutting edge, tip end cutting portions 16a are formed of a steel material of high hardness and base portion side cutting
portions 16b, which are the remaining portions, are formed of a steel material that exhibits a higher toughness than that of the ti
end cutting portions. It Is possible to Improve the wear resistance through the tip end cutting portions and to improve the chipping
resistance by the base portion side cutting portions. The steel material of high hardness comprising the tip end cutting portions ar

the steel material of high toughness comprising the base portion side cutting portions are successively joined through forge
welding.
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Abstract

Cutting portion regions 16 of replaceable
blades 15 that extrude outward in a radial direction
at a plurality of portions in a peripheral direction
of an outer periphery of a body 11 of a finger joint
cutter are arranged in that, as for a cutting portion
material that comprises cutting edge, tip end
cutting portions 16a are formed of a steel material
of high hardness and base portion side cutting
portions 16b, which are the remaining portions, are
formed of a steel material that exhibits a higher
toughness than that of the tip end cutting portions.
Itispossible toimprove the wear resistance through
the tip end cutting portions and to improve the
chipping resistance by the base portionside cutting
portions. The steel material of high hardness
comprisingthe tipendcuttingportions and the steel
material of high toughness comprising the base
portion side cutting portions are successively

joined through forge welding.
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TITLE OF THE INVENTION

FINGER JOINT CUTTER

BACKGROUND OF THE INVENTION

The present inventionrelates toa finger joint
cutter, which is a rotating cutting tool for
processing finger joints that are one kind of joints
for use with wood materials or the 1like.

As illustrated in Fig. 5, a finger joint cutter
1 is comprised with a plurality of cutting portions
3 of chevron wedge-like shape that extrude outward
in a radial direction from a plurality of portions
in a peripheral direction of an outer periphery of
a body 2, and a wedge-like finger joint F including
a plurality of narrow and deep grooves at an end
portion of an object M to be cut is formed through
the cutting portions 3. Since such deep grooves are
processed, the degree of wear of cutting edges of
the cutting portions 3 of the finger joint cutter
1 will remarkably vary depending on regions of the
cutting edges, and the wear of cutting edges
proximate of tip ends of the cutting portions that
perform cutting of groove bottoms of finger joints
will be particularly large. Where the progress of
wear of cutting edges proximate of tip ends of the
cutting portions is fast, the progress of wear of

the cutting edges at portions on a base side that
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continue into the worn tip ends of the cutting edges
will become fast, and the life of thecuttingportions
will become short. For restricting such wear of
cutting edges, it is possible to employ materials
of high hardness such as high-speed tool steel or
cemented carbide as a cutting portion material that
comprises the cutting edges.

However, by forming the cutting edges of a
high-hardness material, the toughness of thecutting
portions will decrease which may lead to chipping
of cutting portions. Especially, chipping of bases
of cutting portions or peripheries thereof is apt
to occur. In the event such chipping of cutting
portions occurs, usage of the cutter will become
almost impossible at the verypoint of time. Itwill
therefore become necessary to exchange replaceable
blades or the cutter, and a drawback 1s presented
in that the damage will be by far larger compared
with simple wear of cutting edges. This is the
reason why finger joint cutters wvaluing chipping
resistance at the expense of worsened wear
resistance are generally employed in these days.
For instance, the hardness of the high-speed tool
steel exhibitingwear resistance isadjusted through

heat treatment to be relatively low, ranging around

HRC 58 to 61.
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Summary of the Invention

The present i1nvention 1s to solve the above-
mentioned problems, and it is an object thereof to provide a
finger joint cutter that is capable of improving the wear

resistance while beling provided with chipping resistance of

cutting portions.

According to one broad aspect of the present
invention, there 1s provided a finger joint cutter including
cutting portions that project outward in a radial direction
at a plurality of portions around an outer periphery of a
body and that form finger joints by processing end portions
of objects using the cutting portions, wherein each cutting
portion has a cutting surface, a periphery of a tip end
which 1s formed of a first steel material of high hardness,
while remaining portion of the cutting portion is formed of
a second steel material that exhibits a higher toughness
than that of the first steel material, wherein the hardness
of the first steel material is higher than the hardness of
the second steel material, wherein the first steel material
has a different chemical composition than the second steel
material, wherein the second steel material is one of a tool
steel, a High Speed Steel, hereinafter HSS, and a semi-HSS,
and wherein the first steel material and the second steel

material are joined by a forge weld.

In the present invention, since the cutting edges

proximate of tip ends of the cutting portions
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that perform cutting of groove bottoms of finger
joints are comprised of a steel material exhibiting
high hardness, it is possible to restrict progress
of wear of cutting edges proximate of tip ends of
the cutting portions. On the other hand, while the
cutting edges of portions other than those proximate
of tip ends of cutting portions exhibit a lower
hardness than the cutting edges proximate of tip
ends of cutting portions, it is possible to restrict
chipping of the cutting portions since they are made
of a.steel material exhibiting high toughness.
In this manner, according to the present

invention, it is possible to improve the wear
resistance through the cutting edges proximate of
the tip ends that are comprised of a steel material
having a high hardness, and since it is possible
to improve the chipping resistance through cutting
edges of remaining portions that are formed of a
steel material exhibiting a higher toughness than
the cutting edges proximate of tip ends, it 1s
possible to provide a finger joint cutter having
cutting portions that exhibit both, suitable wear
resistance and chipping resistance. Moreover,
according to the present invention, usage of a
material for the tip end cutting portions that
includes high-valent elements and that exhibits wear

resistance can be minimized.
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The finger joint cutter of thepresent invention
may be arranged in that the steel material of high
hardness and the steel material of high toughness
may be joined through forge welding. With this
arrangement, 1t is possible to successively joint
between both steel materialsof different properties,
and occurrence of non-succeeding portions in view
of wear resistance can be avoided as in brazing
material layers where joining is performed through
brazing materials or the like. As aresult, joining
of the steel material of high hardness and the steel
material of high toughness can be successively
joined through forge welding so that it is possible
to achieve a continuous wear resistance at the
cutting edges according to the present invention.

Further, the finger joint cutter of the present
invention may be arranged in that at least flanks
(outer peripheral flanks, side flanks) that continue
from the cutting edges of the cutting portions are
covered by a hard film. With this arrangement of
forming a hard £film on the flanks that continue from
the cutting edges of the cutting portions, the
cutting edges can be maintained to be of sharp edges
for a long period of time. This effectively acts
particularly on cutting edges of cutting portions

that are comprised of a high-toughness steel

material that is inferior in wear resistance, and
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the wear resistance can be remarkably compensated.
As a result, according to the present invention,
the wear resistance can be improved without
degrading the toughness of the cutting portions,
and 1t is particularly suitable and quite effective
for compensating the wear resistance of the

high-toughness steel material.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.lisasideviewlllustratingafinger joint
cutter according to one embodiment of the present
invention.

Fig. 2-A is a front view illustrating a cutting
portion of the finger joint cutter.

Fig. 2-B 1s a side view illustrating a cutting
portion of the finger joint cutter.

Fig. 3 1s a perspective view for explaining a
laminated condition of materials for manufacturing
the cutter portions of the above finger joint cutter.

Fig. 4 1is an explanatory view illustrating a
relationship between a part of an outer peripheral
portion of the above finger joint cutter and a finger
joint.

Fig. 5 1s an explanatory view illustrating a
relationship between a part of an outer peripheral
portion of the finger joint cutter and a finger joint

according to a prior art example.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

One embodiment of the present invention will
now be explained on the basis of the drawings. Fig.
l illustrates a replaceable blade type finger joint
cutter according to the present invention through
a side view. Figs. 2-A and 2-B illustrate a
replaceable blade 15 through a front view and a side
view.

A finger joint cutter 10 is formed with a
cylindrical shaped body 11 that is made of steel
and is formed with a central hole lla for inserting
ada main shaft i1in its center, and mounting seats 12
extending in axial directions are provided at four
portions in a peripheral direction of a peripheral
wall of the body 11. Each mounting seat 12 is a
concave portion that is inclined frontward in a
rotating direction with respect to a radial
direction at an angle of approximately 30 and that
is notched in a substantially rectangular shape.
Replaceable blades 15 are inserted and fitted into
the mounting seats 12. Mounting holes 13 are formed
on an outer periphery of the body 11 that communicate
from a rotating front of the mounting seats 12 to
the mounting seats 12. The mounting seats 12 side
of the mounting holes 13 are formed as screw holes,

and bolts 14 for fixing the replaceable blades 15
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are screwed and attached to the screw holes.

AsillustratedinFig. 2, eachreplaceableblade
15 is a rectangular thick plate, and a portion
extending from one end in a longitudinal direction
to a substantially central position comprises a
cutting portion region 16 while a portion on the
other end side in the longitudinal direction
comprises a base portion 19. One end in the
longitudinal directionof thecuttingportionregion
16 is arranged in that it inclines in a thickness
direction and in that a cutting edge side thereof
(upper side in Fig. 2-B) extrudes by forming a sharp
edge. Moreover, the cutting portion region 16 is
provided with five elongated wedge-shaped cutting
portions 17 that point in a style of symmetric
chevrons at equal intervals including those at both
ends. Clearances 18 of substantially the same
widths as the widths of the cutting portions 17 are
formed between the cutting portions 17.

The replaceable blades 15 are arranged in that
the entire cutting portion regions 16 and the base
portions 19differ inmaterials between an edge metal
layer on the cutting edge side having a small
thickness and a back metal layer B having a large
thickness. The material for the back metal layer
B may be comprised of a steel material of high

toughness, for instance, alloy tool steel or
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structural steel. In the edge metal layer, the tip
end cutting portions 1l6a disposed on a tip end side
and having a short length ina longitudinal direction
are formed of a steel material exhibiting high
hardness together with some degree of wear
resistance, for instance, high-speed tool steel.
The edge metal layer of the base side edge portions
léb and other extension portions 19a that comprise
portions other than the tip end cutting portions
l6a 1s formed of a steel material that has a hardness
that is lower thanthatof thetipendcuttingportions
l16a but that has a higher toughness, for instance,
a semi-HSS or alloy tool steel, which are steel
materials that approximate high-speed tool steel.
A longitudinal directional length of the tip end
cutting portions l6a is in a range of 1 mm to
approximately half of the length of the cutting
portions. Where the length is less than 1 mm, effects
of the tip end cutting portions l6a with respect
towearwill be insufficient, whereas when the length
becomes longer than half of the length of the cutting
portions, the chipping resistance of the tip end
cutting portions l6a will become insufficient.
Joining of the tip end cutting portions 16a and the
base portion side cutting portions 16b is formed
through forge welding as will be described later.

In this respect, the extension portions 19a are
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formed with abutting concave portions 19b at which
the bolts 14 for fixing the replaceable blades 15
to the mounting seats 12 abut.

For forming the replaceable blade 15,as shown
in Fig.3, a raw material plate is employed that is
obtained by joining an elongated high-speed tool
steel of high hardness to the back metal layer B
which is a thick plate, as a steel material K that
comprises the tip end cutting portions, and by
joining an alloy tool steel or a structural steel
which is a steel material J of high toughness, with
the high-speed tool steel pinched between. Here,
joining of the high-speed tool steel of the steel
material K and the alloy tool steel of the steel
material J and joining thereof with the back metal
layer B is formed by forge welding in which
pressure-bonding is performed with both members
being 1n a condition in which they are heated at
high temperature. With this arrangement, the
high-speed tool steel of the steel material K and
the alloy tool steel of the steel material J may
be successively joined to be formed in a condition
in which wear resistances of both members are
succeeding. Bycutting the above rawmaterial plate

at an i1ntermediate position of the steel material

K in the longitudinal direction in Fig. 3, and by

further cutting the same at specifiedwidths at right

10
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angles with respect to the longitudinal direction
of the steel material K and processing the cut pieces
of cutting portions through machine processing,
replaceable blades 15 are obtained.

The replaceable blades 15 are inserted and

fitted into the mounting seats 12, and by abutting
the bolts 14 that are screwed to the mounting holes
13 against concave portions 19b and tightening, they
are fixed to the mounting seats 12. As illustrated
in Fig. 4, one replaceable blade 15 that is fixed
at one of pair of opposing mounting seats 12 is fixed
by being shifted from another replaceable blade 15
that i1is fixed to another pair of opposing mounting
seats 12 by one pitch. By both replaceable blades
15 that are disposed alternately in the peripheral
direction, it is possible to form finger joints F
in which successive protrusions are disposed in the
objects to be cut M.

Since the replaceable blades 15 of the finger
joint cutter 10 are arranged in that cutting edges
of tip end cutting portions l1l6a that performcutting
of groove bottoms of finger joints are formed of
a material of high hardness, it is possible to
restrict progress of wear of the cutting edges of
the tipend cutting portions léa. On the other hand,

while the base portion side cutting portions 1l6b

are of a lower hardness than the tip end cutting

11
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portions l6a, they exhibit a higher toughness
compared to the tip end cutting portions 16a so that
the effect of restricting chipping is improved. 1In
this manner, according to the present invention,
i1t 1is possible to obtain replaceable blades 15 for
a finger joint cutter 10 that exhibit both, chipping
resistance and wear resistance. Since a steel
material of high hardness and a steel material of
high toughness can be joined successively through
forge welding, it is possible to avoid occurrence
of non-continuous portions of the wear resistance
layers as in brazing layers when performing joining
through brazing materials.

In this respect, while the back metal layer
exhibits a high toughness and is thus effective in
securing chipping resistance, it is possible toomit
the same by thickening the edge metal layer. Since
the alloy tool steel or semi-HSS comprising the base
portion side cutting portions exhibits a
considerable toughness, 1t 1s possible to provide
chipping resistance even without the back metal
layer. For joining the back metal layer and the
cutting portions, 1t is possible to perform brazing
instead of forge welding. The steel material may
also be rolled steel or sintered steel.

For the joining of the tip end cutting portions

and the base portion side cutting portions, it is

12
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possible to increase the hardness as the joining
comes closer to the tip end side and to decrease
the hardness 1n a slanting manner as it comes closer
tothecuttingportionbase by devisinga temperature
distribution when performing heat treatment of the
cutting portion material. By suitably selecting
various types of steel materjals that are to be the
cutting portion materials for the tip end cutting
portions and the base portion side cutting portions,
it is possible to set the respective steel materials
to be 0o0f desired hardness, respectively, by
performing general heat treatment (qguenching,
tempering) in which uniform heating and uniform
cooling is performed.

It 1is also possible to coat a hard £film on the
cutting portions so that the wear resistance of the
cuttingportions is further improved. The hard film
shall be formedon flanks suchas theouter peripheral
flanks or the side flanks while avoiding the cutting
faces of the cutting portions. A particularly
preferable type of the hard film for the present
invention is of chrome type such as chrome nitride
or chromic acid nitrides.

Table 1 and Table 2 below illustrate examples
of combinations between the steel material K, the
steelmaterial Jand the backmetal Basone embodiment

in which a hard £film is coated and as another in

13
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whichnocoatingisperformed. Note that the symbols
of the types of steel indicate the followings.

M: High-speed tool steel that has undergone
ingot making through dissolution.

R: A steel material approximating the
high-speed tool steel that has undergone ingot
making through dissolution (Semi-HSS).

P: High-speed tool steel that has undergone
ingot making through powder metallurgy.

K: Anti-shock tool steel

SCM: JIS-SCM420 (chrome molybdenum steel)

The steel material J in Nos. 2 and 3 of Table
l corresponds to a product made by Hitachi Metals,
Ltd. (Material symbol YXR-3) while its chemical

composition 1s unknown.

14
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[ Table 1]

€0 21 | ssojio | ssofio | G8°0 | S€0 | €20 .
. ~ST°0 ~60| egol eg0| ~90|~ST0|~8T0 Eoﬁos

( €-XA 0} puodsa1109 ) umowun :ES«E 2315

. d
Z

_mnoﬁﬁ [291S

[
( ¢-¥XA O} puodsaiiod ) usouyun .! [ELI3JEI [301S
A
06 ssaf1o | ssop10 | GV O 01 HI. momma .
.,(No ?mH loa ~0'8 100| S200| ~S20| ~80]| ~¥0 :_.x q
) om G ﬁ 06 | ssa[lo 559 10 570 0 H Hll
GL'8 ooﬂ om mmﬂ 53] 30 53] 10 wo $59] 1O 'II

O D 23H EDE

i mpy o W a = ay W R I A & - g eh ow W o= -

15

uonisod

-
- e wmb A o i A whe 4 o o= -G - a T = &% - - """"-'-"

ssoupIey| jo 2dA

PoJe0d SI WL PIey € Yorym Ul JuawIpoquig

wrnalaalhr N




CA 02456953 2004-02-04

[ Table 2]
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In this respect, the shapes and arrangements

of the respective portions of the finger joint cutter
as l1llustrated in each of the above embodiments are
merely i1llustrative, and it is possible to perform

various changes without departing £from the gist of

the present invention.

INDUSTRIAL APPLICABILITY

As explained so far, the finger joint cutter

according to the present invention exhibits both,
wear reslistance and chippingresistance, and is thus

useful as a rotating cutting tool for processing

finger joints that are one kind of joints for use

with wood materials or the like.

17
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CLAIMS:

1. A finger joint cutter including cutting portions
that project outward in a radial direction at a plurality of

portions around an outer periphery of a body and that form
finger joints by processing end portions of objects using
the cutting portions, whereln each cutting portion has a
cutting surface, a periphery of a tip end which i1s formed of
a first steel material of high hardness, while remaining
portion of the cutting portion i1s formed of a second steel

material that exhibits a higher toughness than that of the

first steel material,

wherein the hardness of the first steel material

1s higher than the hardness of the second steel material,

wherein the first steel material has a different

chemical composition than the second steel material,

wherein the second steel material is one of a tool

steel, a High Speed Steel, hereinafter HSS, and a semi-HSS,

and

wherein the first steel material and the second

steel material are joined by a forge weld.

2 . The finger joint cutter as c¢laimed in claim 1,
wherein at least flank, which continue from a cutting edge

of said cutting portion is covered by a hard film.

OMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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Fig. 3
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