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(57) ABSTRACT

This invention provides a surface-coated cutting tool which
exhibits excellent fracture resistance and wear resistance 1n
high-speed cutting, such as high-speed gear cutting, high-
speed milling, and high-speed drnlling. The surface-coated
cutting tool includes a hard coating layer composed of an
alternately laminated layer structure of at least a thin layer A
and a thin layer B formed on the surface of a tool substrate,
such as a cemented carbide substrate, a cermet substrate, and
a high-speed tool steel substrate. The thin layer A 1s an (Al, Cr,
S1)N layer which satisfies a compositional formula: [AlCr-
S1,]N (0.2=X<0.45, 0.4<Y=<0.75, 0.01=7<0.2, and X+Y+
/=1 1n terms of atomic ratio). The thin layer B 1s an (Al, Ti,
S1)N layer which satisfies a compositional formula: [Al,~
11,51, N (0.05=U=0.75, 0.15=V=0.94, 0.01=W=0.1, and
U+V+W=1 1n terms of atomic ratio).
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1
SURFACE-COATED CUTTING TOOL

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-

cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This application is a reissue application of U.S. Pat. No.

8,354,177, granted Jan. 15, 2013 which claims the right of

priority under 35 US.C. §119 based on Japanese Patent
Application No. 2007-209323 filed Aug. 10, 2007.

TECHNICAL FIELD

The present invention relates to a surface-coated cutting
tool (hereinaiter referred to as a coated tool) in which a hard
coating layer has excellent high-temperature hardness, high-
temperature toughness, high-temperature strength, and ther-
moplastic deformation resistance.

This hard coating layer has excellent fracture resistance
and wear resistance, and exhibits excellent tool performance
for a prolonged period of time; even when being used for
cutting processes, for example, high-speed gear cutting, high-
speed milling, and high-speed drilling, 1n which high tem-
perature 1s generated, and also a large impact and mechanical
load 1s applied to a cutting edge.

BACKGROUND ART

As the coated tools, the tools:
an 1nsert, which 1s detachably attached to a edge portion of a
holder, used for turning or planing various workpieces
made of steel and/or cast 1ron;
a drill and a Printed Circuit Board dnll used for drilling the
workpieces;
an end mill used for face milling, slotting and shoulder mill-
ing the workpieces; and
a solid hob cutter and a shaper cutter used for gear cutting a
tooth profile of the workpieces;
are generally known.
Further, a coated tool: wherein
its tool substrate, namely, tool body, 1s made of, for example,
a tungsten-carbide (hereinafter shown by WC) based
cemented carbide,
a titan-carbonitride (hereinafter shown by TiCN) based
cermet, or
a high-speed tool steel (hereinafter referred to as high-
speed steel);
to improve 1ts thermal resistance and wear resistance, at least
one or more layers of hard coating layers composed of a
complex nitride layer of Al, Cr, and S1 (hereinafter shown
by an (Al, Cr, S1)N layer) are provided on the surface of the
tool substrate; and
when expressing a composition of the complex nitride layer
as a compositional formula [Al.Cr;S1,]N, each X, Y and Z
satisfies the relations,

0.75=X=0.95, 0.05=Y=0.25, and X+Y+7=1

(where all of X, Y, and Z are atomic ratios);

1s specifically known.
Also, a coated tool: wherein

to 1improve 1ts oxidation resistance and wear resistance, at
lease one or more of hard coating layers composed of a
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complex nitride layer of Al, T1, and Si1 (hereinafter shown
by an (Al, T1, S1)N layer) are provided on the surface of the
tool substrate; and

when expressing a composition of the complex nitride layer
as a compositional formula [ Al, T1,51;;]N,
each U, V and W satisfies the relations,

0.05=U=<0.75, 0.01=W=0.10, and U+V+W=1

(where all of U, V, and W are atomic ratios);
1s known.
Further, a process for manufacturing, the above conven-
tional coated tool 1s known.
This process 1s:
the above tool substrate 1s placed into an arc 10n plating
apparatus that 1s one type of a physical vapor deposition
apparatus, for example, shown 1n the schematic explana-
tory view of FIG. 2:
under a condition that the 1nside of the apparatus 1s heated
up to atemperature of 500° C. for example, arc discharge
between a cathode (evaporation source) and an anode 1s
generated with an electric current of 90 A for example,
wherein the cathode has a component composition
according to the type of hard coating layer to be vapor-
deposited and formed on the tool substrate:
simultaneously, a nitrogen gas, which 1s a reaction gas, 1s
introduced 1nto the apparatus to create a reaction atmo-
sphere of 2 Pa:
turther, a bias voltage of —100V, for example, 1s applied to
the above tool substrate:
the above hard coating layer 1s formed on the surface of the
tool substrate.
|[Patent Document 1] Japanese Unexamined Patent Applica-
tion Publication No. 2006-175569
|Patent Document 2| Japanese Patent No. 2793773

DISCLOSURE OF THE INVENTION

Problems that the Invention 1s to Solve

In recent years, the performance of machine tools for cut-
ting has been remarkably enhanced, and demand for labor-
saving and energy-saving in cutting process and cost reduc-
tion has increased.

Accordingly, the cutting process tends to be carried out at
a higher speed increasingly. The above conventional coated
tools encounter no particular problems when being used in
cutting process for steel, cast 1ron, etc. under normal cutting
conditions. However, when these conventional coated tools
are used for cutting processes, for example, high-speed gear
cutting, high-speed milling, and high-speed drilling, 1n which
high temperature 1s generated, and a large impact and
mechanical load 1s applied to a cutting edge; the tool life of
these tools 1s not so long period.

The msuificient toughness of the hard coating layer, the
occurrence of partial wear caused by thermoplastic deforma-
tion, and/or the like, make the occurrence of chipping and/or
fractures uncontrolled; and also progress of wear 1s acceler-

ated. Therefore, the tool life of these tools becomes shortened
comparatively.

Means for Solving the Problems

Thus, the present mventors have obtained the following
knowledge from the above-described viewpoints as a result of
paying attention to and studying a layer forming material
which constitutes the hard coating layers of the above con-
ventional coated tools, and 1ts structure 1n order to develop a
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coated tool 1n which the hard coating layer exhibits excellent
fracture resistance and wear resistance under cutting condi-
tions, such as high-speed gear cutting, high-speed milling,
and high-speed drilling, 1n which high temperature 1s gener-
ated, and a large impact and mechanical load 1s applied to a
cutting edge.

(a) The Al component 1n the (Al, Cr, S1)N layer which con-
stitutes the hard coating layer of the above conventional
coated tool (refer to Patent Document 1) has an effect of
improving high-temperature hardness. The Cr component 1n
the (Al, Cr, S1)N layer has an eflect of improving high-
temperature toughness and high-temperature strength. Both
Al and Cr components 1n the (Al, Cr, S1)N layer have an etfect
ol improving high-temperature oxidation resistance in a state
of coexisting with each other. Further, S1 component 1n the
(Al, Cr, S1)N layer has an effect of improving thermoplastic
deformation resistance.

However, the above high-temperature toughness and high-
temperature strength are not suilicient for severe cutting con-
ditions, such as high-speed gear cutting, high-speed milling,
and high-speed drilling, in which high temperature 1s gener-
ated, and also a large impact and mechanical load 1s applied to
a cutting edge. Therefore, this problem causes chipping, frac-
tures, and etc.

If an attempt, 1n which a Cr content ratio 1s increased for

improving high-temperature toughness and high-temperature
strength, 1s carried out; this attempt also makes the Al content
rat1o decreased relatively, and then the wear resistance dete-
riorates. Therefore, there 1s a limit to the suppression and
improvement of the chipping resistance and fracture resis-
tance 1n the hard coating layer composed of the (Al, Cr, S1)N
layer.
(b) On the other hand, the Al component and S1 component 1n
the (Al, T1, S1)N layer which constitutes the hard coating layer
of the above conventional coated tool (refer to Patent Docu-
ment 2) has the same effects as described above.

Also the T1 component in the (Al, Ti, S1)N layer has an
elfect of further improving high-temperature toughness and
high-temperature strength.

Therelore, the hard coating layer composed of the (Al, Ti,
S1)N layer exhibits excellent chipping resistance and fracture
resistance under severe cutting conditions, such as the high-
speed gear cutting, high-speed milling, and high-speed drill-
ing. However, since the high-temperature hardness and ther-
moplastic deformation resistance are insullicient, the wear
resistance 1s poor.

(¢) Thus, an attempt to form a hard coating layer; which has an
alternately laminated layer structure of

thin layer A composed of the (Al, Cr, S1)N layer of the

above (a) with a predetermined composition and a pre-
determined thickness, and

thin layer B composed of the (Al, Ti, S1)N layer of the

above (b) with a predetermined composition and a pre-
determined thickness:
was carried out.

Each thin layer A and thin layer B, which compose the
alternately laminated layer structure of the hard coating layer,
has each composition 1n a predetermined range, and has each
thickness 1n a predetermined range.

Thereby, the hard coating layer can have the excellent wear
resistance of the thin layer A and the excellent high-tempera-
ture toughness and high-temperature strength of the thin layer
B as the whole hard coating layer.

Therefore, the coated tool, on which the hard coating layer
having a structure in alternately laminated layer of the thin
layers A and B 1s formed, can exhibit excellent chipping
resistance, fracture resistance, and wear resistance; even
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4

when this coated tool 1s used for cutting process under severe
cutting conditions, such as high-speed gear cutting, high-
speed milling, and high-speed drilling, in which high tem-
perature 1s generated, and a large impact and mechanical load
1s applied to a cutting edge.
The 1invention was made on the basis of the above knowl-
edge.
(1) In a surface-coated cutting tool (coated tool) comprising a
hard coating layer formed on the surface of a tool substrate,
the hard coating layer 1s composed of an alternately laminated
layer structure of at least a thin layer A and a thin layer B;
and
the thin layer A has a thickness o1 0.01 to 0.1 um,
the thin layer B has a thickness o1 0.01 to 0.1 um, and
a total thickness of the thin layers A and B 1s within 1 to 10
Lum:
wherein
(a) the thin layer A 1s a complex nitride layer of Al, Cr and S1
((Al, Cr and S1)N layer), and when expressing a composi-
tion of the complex mitride layer as a compositional for-
mula [Al,Cr,S1,]N,
cach X, Y and Z satisfies the relations,

0.2=X=0.45, 0.4=Y=0.75, 0.01=Z<0.2, and X+Y+Z-1

(where all of X, Y, and Z are atomic ratios); and
(b) the thin layer B 1s a complex nitride layer of Al, T1, and S1
((Al, T1 and SON layer), and when expressing a composition
of the complex nitride layer as a compositional formula [Al, -
11,515N,

each U, V and W satisfies the relations,

0.05=U=<0.75, 0.15=V=0.94, 0.01=W=0.1, and U+V+
W=1

(where all of U, V, and W are atomic ratios).
(2) In the surface-coated cutting tool (coated tool) described
in the above (1), 1ts hard coating layer includes
an upper layer composed of an alternately laminated layer
structure of the thin layer A and the thin layer B, and
a under layer formed so as to be interposed between the
upper layer and the surface of the tool substrate;
wherein
the under layer has a thickness of 0.5 to 10 um, and has a
composition which satisfies the compositional formula
of the thin layer A.
(3) In the surface-coated cutting tool (coated tool) described
in the above (1), 1ts hard coating layer includes
an upper layer having an alternately laminated layer struc-
ture of the thin layer A and the thin layer B, and
a under layer formed so as to be interposed between the
upper layer and the surface of a tool substrate;
wherein
the under layer has a thickness of 0.5 to 10 um, and has a
composition which satisfies the compositional formula
of the thin layer B.
(4) A surface-coated cutting tool (coated tool) according to
the surface-coated cutting tool (coated tool) described 1n any
one of the above (1) to (3) 1s a gear cutter 1n which 1its tool
substrate, namely body, 1s made of a high-speed tool steel.
(3) A surface-coated cutting tool (coated tool) according to
the surface-coated cutting tool (coated tool) described 1n any
one of the above (1) to (3) 1s an end mill 1n which its tool
substrate, namely body, 1s made of a high-speed tool steel.
(6) A surface-coated cutting tool (coated tool) according to
the surface-coated cutting tool (coated tool) described 1n any
one of the above (1) to (3) 1s an end mill or a drill 1n whach 1ts
tool substrate, namely body, 1s made of a tungsten-carbide-
based cemented carbide.
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Next, the reasons for limiting numerical values as
described above regarding the hard coating layer of the coated
tool of the invention will be described below.

(a) Thin Layer A

The Al component 1n the thin layer A composed of the (Al,
Cr, SON layer has an effect of improving high-temperature
hardness. The Cr component in the thin layer A composed of
the (Al, Cr, S1)N layer has an eflect of improving high-
temperature toughness and high-temperature strength. The Al
and Cr components 1n the thin layer A composed of the (Al,
Cr, S1)N layer have an effect of improving high-temperature
oxidation resistance 1n a state of coexisting with each other.

Further, the S1 component 1n the thin layer A composed of
the (Al, Cr, S1)N layer has an effect of improving thermoplas-
tic deformation resistance.

If the X value (atomic ratio) indicating the content ratio of
Al to the total content including Cr and Si, 1s less than 0.2;
mimmum high-temperature hardness and high-temperature
oxidation resistance cannot be achieved, and such X value
causes acceleration of wear.

On the other hand, if the X value exceeds 0.45; high-
temperature toughness and high-temperature strength
decreases, and also such X value causes occurrence of chip-
ping or fractures.

Theretfore, the X value was determined 1n the range of 0.2
to 0.45.

Additionally, 1t the Y value (atomic ratio) indicating the
content ratio of Cr to the total content including Al and Si, 1s
less than 0.4; the required minimum high-temperature tough-
ness and high-temperature strength cannot be achieved, and
also the occurrence of chipping or fractures becomes uncon-
trolled.

On the other hand, 1f the Y value exceeds 0.75; the content
ratio of Al decreases relatively, and also such Y value accel-
crates the progress of wear.

Theretfore, the Y value was determined 1n the range of 0.4
to 0.75. Moreover, 1f the 7 value (atomic ratio) indicating the
content ratio of S1 to the total content including Al and Cr, 1s
less than 0.01; the improvement of wear resistance accompa-
nied by the improvement of thermoplastic deformation resis-
tance cannot be expected.

On the other hand, if the Z value exceeds 0.2; the wear-
resistance improving effect shows a tendency to decrease.
Therefore, the Z value was determined 1n the range of 0.01 to
0.2.

In addition, especially preferable ranges regarding the
above X, Y, and Z are 0.35=<X=<0.435, 04=<Y<0.55, and
0.03=X<0.10 respectively.

(b) Thin Layer B

The thin layer B 1s composed of the (Al, Ti, S1)N layer, and
constitutes an alternately laminated layer structure along with
the thin layer A.

The thin layer B 1s provided as a layer for making up for the
performance (high-temperature toughness and high-tempera-
ture strength) which the thin layer A lacks.

As already described the thin layer A containing the Al and
S1 components, 1n particular, has excellent wear resistance
which these components provide. Also, the Cr component
contained 1n the thin layer A contributes for maintaining a
predetermined chipping resistance and fracture resistance.

However, 1n order to use the coated tool under severe
cutting conditions, such as high-speed gear cutting, high-
speed milling, and high-speed drilling, in which high tem-
perature 1s generated, and a large impact and mechanical load
1s applied to 1ts cutting edge; the thin layer A 1s required to
have far superior high-temperature toughness and high-tem-
perature strength.
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In order to secure these performances, the thin layer A
including a more large amount of Cr 1s required.

However, 1n such thin layer A, the content ratios of Al and
S1 become small.

In that case, the high-temperature hardness and high-tem-
perature oxidation resistance of the thin layer A become
insufficient, and the wear resistance also becomes deterio-
rated. Therefore, 1t 1s 1impossible to increase further the Cr
content ratio 1n the thin layer A.

Thus, 1n this invention, the thin layer B composed of the
(Al, 'T1, S1)N layer 1s laminated alternately with the above thin
layer A. By forming the hard coating layer having an alter-
nately laminated layer structure of the thin layers A and B on
the tool; the thin layers A and B become adjacent to each
other; and thus good performance of the thin layer B, namely
the excellent high-temperature toughness and the high-tem-
perature strength, can make up for such characters which the
thin layer A lacks, without losing good characters of the thin
layer A, namely, the excellent high-temperature toughness
and the thermoplastic deformation resistance. Therefore, the
hard coating layer as a whole can exhibit the performance;
excellent chipping resistance, fracture resistance, and wear
resistance.

The operational effects of the Al component and S1 com-
ponent 1n the compositional formula of the thin layer B are the
same as those of the thin layer A. However, 11 the U value
(atomic ratio) indicating the content ratio of Al 1s less than
0.03, or the W value (atomic ratio) indicating the ratio of S11s
less than 0.01; the required minimum predetermined high-
temperature hardness, high-temperature oxidation resistance,
and thermoplastic deformation resistance cannot be
achieved; and also such U value causes occurrence of wear
resistance deterioration.

Additionally, 11 the U value exceeds 0.75; the content ratio
of Ti decreases relatively, and then the effects of improving
the high-temperature toughness and high-temperature
strength cannot be expected from such U value.

If the W value exceeds 0.1, the wear-resistance improving,
elfect shows a tendency to decrease.

Therefore, the U value indicating the content ratio of Al
was determined 1n the range of 0.05 to 0.75; and also the W
value indicating the content ratio of S1 was determined 1n the
range of 0.01 to 0.1.

Additionally, 1t the V value (atomic ratio) indicating the
content ratio of 11 1s less than 0.15; the effect of further
improving the superiority of the high-temperature toughness
and high-temperature strength cannot be expected. On the
other hand, 11 the V value exceeds 0.94; required minimum
high-temperature hardness and high-temperature oxidation
resistance cannot be achieved due to a relative decrease 1n the
content ratios of Al component and S1 component.

Therefore, the V value indicating the content ratio of T1 was
determined 1n the range of 0.15 to 0.94.

In addition, especially preferable ranges regarding the
above U, V, and W are 0.45<U=<0.55, 04=<V=<0.5, and
0.03=W=0.07 respectively.

(c) Thickness of Layer

I1 the thicknesses of the thin layer A and the thin layer B are
less than 0.01 um; to form surly the thin layers having such
thicknesses and a target composition 1s very difficult, and also
the effect of improving the wear resistance by the thin layer A
and the etlect of improving the high-temperature toughness
by the thin layer B cannot be achieved well. On the other
hand, 11 the thicknesses of the thin layer A and the thin layer
B exceed 0.1 um; the drawbacks of each thin layer, 1.e., the
lack of toughness and strength 1n the thin layer A, and the lack
of wear resistance in the thin layer B, appear locally within the

[l
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layers; and then the risk, that the performance of the hard
coating layer as a whole become deteriorated, will increase.

Theretfore, the thicknesses of the thin layer A and the thin
layer B were determined in the range of 0.01 to 0.1 um,
respectively.

The thin layer B 1s provided to compensate for the perfor-
mance which 1s lacking for the thin layer A.

Further, 11 the thicknesses of each thin layer A and B are
within a range of 0.01 to 0.1 um; the hard coating layer
composed of the alternately laminated layer structure of each
thin layver A and B, can perform as if to become one layer
having the excellent high-temperature toughness and high-
temperature strength without losing the excellent high-tem-
perature hardness, high-temperature oxidation resistance,
and thermoplastic deformation resistance.

However, if the thicknesses of the thin layer A and the thin
layer B exceed 0.1 um; the lack of toughness and strength of
the thin layer A and the lack of wear resistance of the thin
layer B shown.

Additionally, if the total thickness of the layer (upper layer)
composed of an alternately laminated layer structure of the
thin layer A and the thin layer B, 1s less than 1 um; such layer
cannot exhibit the above excellent performance. On the other
hand, 11 the total thickness exceeds 10 um; 1n such layer,
chuipping or fractures tends to arise. Thus, the total thickness
of the layer (upper layer) composed of an alternately lami-
nated layer structure of the thin layers A and B, was deter-
mined 1n the range of 1 to 10 um, preferably, 1 to 5 um.

(d) Under Layer

If the alternately laminated layer structure mentioned
above 1s composed by forming alternately the thin layers A
and B directly on the surface of a tool substrate by using, for
example, physical vapor deposition; a compressive residual
stress will occur within the layers.

Further, i a coated tool provided with such hard coating
layer 1s used under excessively severe cutting conditions, this
compressive residual stress makes the adhesion strength
between the tool substrate and the hard coating layer unstable.

Thus, 1n such a case, 1t 1s necessary to further enhance the
adhesion strength between the surface of the tool substrate
and the hard coating layer having an alternately laminated
layer structure.

As a means for enhancing the adhesion strength, to form a
under layer, namely, a foundation layer, on the surface of the
tool substrate 1s effective.

In particular, in the present imvention, the hard coating
layer 1s constructed of an upper layer and a under layer. The
upper layer 1s composed of the alternately laminated layer
structure of the thin layers A and B. The under layer 1s formed
interposingly between the upper layer and the surface of the
tool substrate.

Further, the formed under layer, in which

its thickness 1s from 0.5 to 10 um, and

its composition 1s the same composition as the thin layer A

or the thin layer B, has an improved adhesion strength
between the tool substrate and the hard coating layer.
Also, 1t 1s confirmed that a coated tool with this under
layer can perform stable cutting processes without
occurrences of peeling and/or fracture in the hard coat-
ing layer, even 1t this tool 1s used under excessively

severe cutting conditions.
In addition, 1f the thickness of the under layer 1s less than
0.5 um; such thickness does not give the effect of improving
the adhesion strength.
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On the other hand, 1f the thickness exceeds 10 um; the
accumulation of the residual compressive stresses makes a
crack easy to occur to the layer, and then stable adhesion
strength cannot be secured.

Thus, the thickness of the under layer was determined 1n
the range of 0.5 to 10 um, preferably, 2 to 6 um.

() Tool Substrate

Conventionally known various substrates, namely, bodies,
such as WC-based cemented carbide, TiCN-based cermet,
and high-speed tool steel (high-speed steel) are usable as the
tool substrate of the coated tool.

On the surfaces of these various tool substrates, a hard
coating layer 1s formed by using, for example, physical vapor
deposition. In this case, 1n order to further enhance the adhe-
s1on strength between the substrate and the hard coating lay-
ers; the tool substrate, 1n which 1ts surface roughness 1s equal
to or less than JIS (Japanese Industrial Standards) Rz 1.6 um,
1s preferable.

In addition, 1n this invention, a coated tool; 1n which 1ts
exterior surface 1s a colored layer, for example, a TiN layer
(golden color) for the purpose of the distinguishing between
used and unused tools; 1s available. The thickness o1 0.5 pum or
less 1s suificient for this layer.

Advantage of the Invention

In the surface-coated cutting tool of the present invention,
the hard coating layer 1s constructed of the alternately lami-
nated layer structure of the thin layer A, which 1s at least
composed of an (Al, Cr, S1)N layer, and the thin layer B,
which 1s composed of an (Al, T1, S1)N layer. Such structure
can provide excellent high-temperature hardness, high-tem-
perature toughness, high-temperature strength, and thermo-
plastic deformation resistance for the tool. Additionally, the
tinder layer; which 1s formed as a lower layer, and has the
same composition as that of the thin layer A or the thin layer
B; can improve the adhesion strength.

Therefore, even 1f the tool 1s used 1n the high-speed gear
cutting, high-speed milling, and high-speed drilling 1n which
high temperature 1s generated, and a large impact and
mechanical load 1s applied to a cutting edge,
the hard coating layer can exhibit excellent high-temperature
hardness, high-temperature toughness, high-temperature
strength, and thermoplastic deformation resistance. As a
result, excellent fracture resistance and wear resistance can be
exhibited for a prolonged period of time without the occur-
rence ol chipping, fractures, partial wear, and/or peeling.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B shows an arc 1on plating apparatus used
for forming a hard coating layer of a coated tool of the mven-
tion, FIG. 1A 1s a schematic plan view and FIG. 1B 1s a
schematic front view.

FIG. 2 1s a schematic explanatory view of a conventional
arc 1on plating apparatus.

FIG. 3 1s a schematic perspective view of a solid hob cutter.

FI1G. 4 1s a schematic perspective view of a disc type shaper
cutter.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

Next, a coated tool of the ivention will be specifically
described by means of examples.

EXAMPLE 1

High-speed steel gear cutter bodies, namely, substrates,
(solid hob cutters) having a shape shown in FIG. 3 were
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prepared. The material of these solid hob cutters 1s high-speed
tool steels of JIS-SKHS51 or JIS-SKHS53, and has a cylindrical
shape in which dimensions are, Diameter 90 mmxLength 130
mm. Further, by machining the matenial, the high-speed steel
gear cutter bodies (solid hob cutters) were manufactured.
These solid hob cutters have a shape 1n which overall dimen-
s1ons are Diameter 85 mmxLength 100 mm. Also these solid
hob cutters are counterclockwise quadruple thread gears hob
cutter having 16 gashes.

The following procedure of (a) to (d) was carried on to

manufacture coated high-speed steel gear cutters (solid hob
cutter).
(a) Each high-speed steel gear cutter body (solid hob cutter)
made of the above two kinds of matenial 1s cleaned by ultra-
sonic cleaning in acetone, and then dried. Thereatter, each
body 1s placed on a turntable of an arc 10on plating apparatus
shown 1n FIG. 1. The position, where each body 1s placed, 1s
radially outwardly apart from the central axis of the turntable
with a predetermined distance, and 1s by the side of the
turntable’s outer peripheral portion.

A cathode (evaporation source) located at a one side, left
side 1n FIG. 1, 1s an Al—Cr—=Si1 alloy for formation of a thin
layer A, and has a component composition corresponding to
a target composition shown in Table 1. Another cathode
(evaporation source) located at the other side, right side 1n
FIG. 1,1s an Al—T1—S1 alloy for formation of a thin layer B,
and has a component composition corresponding to a target
composition shown 1n Table 1. These cathodes are arranged to
face each other across the turntable. (In the case that the two
types of cathodes are there, one of cathodes for formation of
the thin layers A and B can be used also as a cathode for
formation ol a under layer. In addition, a third electrode as the
clectrode only for formation of a under layer 1s quite possible
to be provided.)

(b) The side of the apparatus 1s evacuated to a pressure of
0.1 Pa or less; and then keeping this pressure level, the inside
ol the apparatus 1s heated up to 400° C. with a heater. Further,
turning the turntable, a DC bias voltage of —800 V 1s applied
to a gear cutter body, which 1s rotating and 1s placed on the
turntable. Additionally, applying a current of 100 A between
an anode and an electrode for bombardment cleaning (for
example, an Al—Cr—Si1 alloy for formation of the thin layer
A,) to generate arc discharge; and then the surface of the gear
cutter body becomes clear by bombardment cleaning treat-
ment.

(c) A nitrogen gas as a reaction gas 1s itroduced into the
apparatus to create a reaction atmosphere of 3 Pa; and also a
DC bias voltage of =35 to —45 V 1s applied to the gear cutter
body, which 1s rotating and 1s placed on the turntable which 1s
turning.

Additionally, applying a current of 100 A between an
anode and an Al—Cr—=5S1 alloy for formation of the thin layer
A, an arc discharge 1s generated.

Thereby, a under layer having a target composition and a
target thickness as shown 1n Table 1 1s vapory deposited and
tormed on the surface of the high-speed steel gear cutter body.
(For example, an under layer having same composition of the
thin layer A or B 1s usable.) In case that the under layer 1s not
to be formed, naturally the above process (¢) 1s unnecessary.
(d) Next, anitrogen gas as a reaction gas 1s introduced into the
apparatus to create a reaction atmosphere of 2 Pa; and also a
DC bias voltage of =25 to =35V 1s applied to the gear cutter
body, which 1s relating and 1s placed on the turntable which 1s
turning. Additionally, applying a predetermined current in the
range of 50 to 200 A between the anode and the cathode made
of an Al—T1—S1 alloy for formation of the thin layer B, an arc
discharge 1s generated between them.
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Thereby, the thin layer B having a predetermined thickness
1s formed on the under layer covering the surface of the
high-speed steel gear cutter body.

After forming such shin layer B, the arc discharge 1is
stopped.

Subsequently, applying a predetermined current in the
range of 50 to 200 A between the anode and a cathode made
of an Al—Cr—=S1 alloy for formation of the thin layer A, an
arc discharge 1s generated between them.

Thereby, the thin layer A having a predetermined thickness
1s formed on the thin layer B. After forming such shin layer A,
the arc discharge 1s stopped.

(If the under layer has the same composition as the thin layer
B, the formation of the thin layer A may be started firstly.)

Thereatter, the above processes for forming alternately the
thin layers B and A are performed repeatedly, wherein:
the process for the formation of the thin layer B 1s by the arc
discharge between the anode and the cathode made of an
Al—T1—S1 alloy for formation of the thin layer B, and the
process for the formation of the thin layer A 1s by the arc
discharge between the anode and the cathode made of an
Al—Cr—=5i1 alloy for formation of the thin layer A. In accor-
dance with the procedure of (a) to (d) atorementioned, coated
high-speed steel gear cutters (solid hob cutter) 1 to 8 of the
invention were manufactured. On the surfaces of these tools,
a under layer and an upper layer are deposited. The under
layer has a target composition and a target thickness shown 1n
Table 1. The upper layer 1s composed of alternately laminated
layers of the thin layers A and B having target compositions
and target thicknesses across their thicknesses, respectively
shown 1n Table 1.

In addition, the under layer i1s not provided in the coated
high-speed steel gear cutters 1 and 5 of the invention.

Additionally, for the purpose of comparison, coated high-
speed steel gear cutters (solid hob cutter) with a single phase
structure coating layer, namely, a single layer structure coat-
ing layer, was manufactured through the following proce-
dure.

Each high-speed steel gear cutter body made of the afore-
mentioned two kinds of material 1s cleaned by ultrasonic
cleaning 1n acetone, and then dried. Thereafter, each body 1s
placed into an arc 1on plating apparatus shown 1n FIG. 2. An
Al—Cr—=5S1 alloy having a component composition corre-
sponding to a target composition shown i Table 2 1s also
placed 1nto the arc 10n plating apparatus as a cathode (evapo-
ration source). First, the inside of the apparatus 1s evacuated to
a pressure of 0.1 Pa or less; and then keeping this pressure
level, the 1nside of the apparatus 1s heated up to 400° C. with
a heater.

Applying a DC bias voltage of —800V to a gear cutter body,
and also applying a current of 100 A between an anode and a
cathode made of the above Al—Cr—Si1 alloy (or the Al—T1—
S1alloy), an arc discharge 1s generated; and then the surface of
the gear cutter body becomes clear by bombardment cleaning
treatment with the Al—Cr—S1 alloy (or the Al—T1—51
alloy).

Next, a nitrogen gas as a reaction gas 1s introduced nto the
apparatus to create a reaction atmosphere of 3 Pa, and the DC
bias voltage applied to the gear cutter body 1s decreased 1n the

range of =335 to =45 V; and then an arc discharge 1s generated
between the anode and the Al—Cr—S1 alloy (orthe Al—T1—

S1 alloy).

Thereby, coated high-speed steel gear cutters 1 to 8 with a
single layer structure coating layer (hereimnafter, referred to as
comparative coated high-speed steel gear cutters 1 to 8) were
manufactured. On the surface of these tools, a hard coating
layer composed of an (Al, Cr, S1)N layer (or a hard coating
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layer composed of an (Al, T1, S1)N layer) 1s deposited. This
hard coating layer has a single layer structure with a target
composition and a target thickness shown 1n Table 2.

Next, the performances in cutting of the above coated
high-speed steel gear cutters 1 to 8 of the invention and of the
above comparative coated high-speed steel gear cutters 1 to 8
were measured.

Using these tools, a workpiece made of JIS-SCr420H was
machined to product a gear with the following dimensions
and shapes,

Module: 1.75,

Pressure angle: 17.5°,

Number of teeth: 48,
Helical angle: 25° left twist, and

Face width 1s 50 mm;
under the following conditions,

Cutting speed (rotating speed): 250 m/min,

Feed: 2.5 mm/rev, and

cutting type: climbing, no shifting, and air blowing.

This test was performed as a high-speed gear cutting. (In
addition, the cutting speed 1n this test of a gear made from this
workpiece 1s typically 200 m/min.) Until the wear width of
the flank face became 0.2 mm, this cutting test was performed
repeatedly; and then the number of gears machined by the
sample tool was counted.

The measurement results are shown 1n Tables 1 and 2.

EXAMPLE 2

Additionally, other high-speed steel gear cutter bodies hav-
ing a related shape to a disc type shaper cutter body (100 Type
described 1n JIS-B-4356) shown 1n a schematic perspective
view 1n FI1G. 4 were prepared. These bodies have a shape in
which overall dimensions are Pitch circle diameter 100
mmxThickness 18 mm and 1ts number of cutter teeth 1s 30.

The material of these bodies 1s high-speed tool steels of
JIS-SKH51 or JIS-SKHS55, and has a cylindrical shape 1n
which dimensions are Diameter 100 mmxThickness 130 mm.
By machining the material, the high-speed steel gear cutter
bodies (100 Type described 1n JIS-B-4356) were manufac-
tured.

The following procedure was carried on to manufacture
coated high-speed steel gear cutters (shaper cutter).

The surface of each high-speed steel gear cutter body
(shaper cutter) 1s cleaned by ultrasonic cleaning 1n acetone,
and then dried. Thereatter, each body 1s placed into the arc 10n
plating apparatus shown in FIG. 1. Further, under the same
conditions as Example 1 aforementioned, the coated high-
speed steel gear cutters (shaper cutter) 9 to 16 of the invention
were manufactured. On the surfaces of these tools, an under
layer and an upper layer are deposited. The under layer has a
target composition and a target thickness shown 1n Table 1.
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The upper layer 1s composed of alternately laminated layers
of the thin layers A and B having target compositions and
target thicknesses across their thicknesses, respectively
shown 1n Table 1. In addition, the under layer 1s not provided
in the coated high-speed steel gear cutters 9 and 13 of the
invention.

Additionally, for the purpose of comparison, coated high-
speed steel gear cutters (shaper cutter) with a single layer
structure coating layer were manufactured through the fol-

lowing procedure.

Each surface of these high-speed steel gear cutter bodies 1s
cleaned by ultrasonic cleaning in acetone, and then dried.
Thereatter, each body 1s placed into an arc 10n plating appa-
ratus shown 1n FIG. 2. Further, under the same conditions as
Example 1 alorementioned, coated high-speed steel gear cut-
ters 9 to 16 with a single layer structure coating layer (here-
inafter, referred to as comparative coated high-speed steel
gear cutters 9 to 16) were manufactured.

On the surface of these tools, a hard coating layer com-
posed of an (Al, Cr, S1)N layer (or a hard coating layer
composed of an (Al, Ti, S1)N layer) 1s deposited. This hard
coating layer has a single layer structure with a target com-
position and a target thickness shown in Table 2.

Next, the performances in cutting of the above coated
high-speed steel gear cutters 9 to 16, and of the above com-
parative coated high-speed steel gear cutters 9 to 16; were
measured.

Using these tools, a workpiece made of JIS-SCr420H was
machined to product a gear with the following dimensions
and/or shapes,

Module: 2,

Pressure angle: 20°,

Number of teeth: 15, and

Face width: 22.5 mm;
under the following conditions,

Number of strokes: 1200 stroke/min,

Circumfierential feed: 0.3 mm/stroke, and

Radial feed: 0.03 mm/stroke.

This test was performed as high-speed gear cutting. (In
addition, the cutting speed 1n this test of a gear made from this
workpiece 1s typically 800 stroke/min.)

Until the wear width of the sample tool’s flank face became
0.2 mm, this cutting test was performed repeatedly; and then
the number of gears machined by the sample tool was
counted.

The measurement results are shown 1n Tables 1 and 2.

Each content ratio regarding an Al component, a Cr com-
ponent, a T1 component, and a S1 component as a target
composition 1n Tables 1, 2, and 4 to 9; 1s shown 1n terms of
atomic ratio.

TABLE 1
HARD COATING LAYER
UPPER LAYER/THIN LAYER-A
MATERIAL UNDER LAYER ONE-LAYER
OF TARGET TARGET TARGET TARGET
BODY COMPOSITION LLAYER COMPOSITION LLAYER
(SUB- (ATOMIC RATIO) THICKNESS (ATOMIC RATIO) THICKNESS
TYPE STRATE) Al Cr Ti Si () Al Cr Si (nm)
COATED | SKH51 - - - - - 024 075 001 10
HIGH- , SKH51 0.24 0.3 - 0.01 | 024 075 001 10
SPEED 3 SKH51 0.47 - 0.50 0.03 045 052  0.03 30
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TABLE 1-continued
STEEL 4 SKH51 0.42 0.52 — 0.06 3.5 0.42 0.52 0.06 50
GEAR 5 SKH335 — — — — — 0.43 0.49 0.08 50
CUTTING 0 SKH35 0.53 — 0.40 0.07 5 0.43 0.49 0.08 50
TOOL OF 7 SKH335 0.20 0.60 — 0.20 7 0.20 0.60 0.20 70
THE 8 SKH35 0.15 — 0.%0 0.05 10 0.30 0.65 0.05 100
INVEN- 9 SKH51 — — — — — 0.35 0.55 0.10 70
TION 10 SKH51 0.35 0.55 — 0.10 4 0.35 0.55 0.10 70
11 SKH51 0.55 — 0.40 0.05 2 0.45 0.45 0.10 40
12 SKH51 0.45 0.40 — 0.15 1 0.45 0.40 0.15 60
13 SKH35 — — — — — 0.20 0.75 0.05 80
14 SKH35 0.05 — 0.94 0.01 10 0.20 0.75 0.05 80
15 SKH335 0.30 0.55 — 0.15 7 0.30 0.55 0.15 100
16 SKH35 0.35 — 0.63 0.02 5 0.40 0.45 0.15 20
HARD COATING LAYER
UPPER LAYER/THIN LAYER B
ONE-LAYER UPPER LAYER
TARGET TARGET TOTAL NUMBER
COMPOSITION LAYER TARGET LAYER OF
(ATOMIC RATIO) THICKNESS THICKNESS MACHINED
TYPE Al Ti Si (NM) (um) GEAR
COATED 1 0.75 0.24 0.01 20 1 90
HIGH- 2 0.75 0.24 0.01 20 1 100
SPEED 3 0.47 0.50 0.03 50 5 110
STEEL 4 0.50 0.45 0.05 70 1.5 115
GEAR 5 0.53 0.40 0.07 30 3 95
CUTTING 6 0.53 0.40 0.07 30 3 110
TOOL OF 7 0.05 0.85 0.10 40 10 100
THE 8 0.15 0.%0 0.05 80 5 105
INVEN- 9 0.45 0.48 0.07 50 2 95
TION 10 0.45 0.48 0.07 50 2 110
11 0.55 0.40 0.05 10 6 110
12 0.75 0.15 0.10 100 7 100
13 0.05 0.94 0.01 90 3 90
14  0.05 0.94 0.01 90 3 100
15 0.70 0.25 0.05 60 1 105
16 0.35 0.63 0.02 10 4 105
TABLE 2
HARD COATING LAYER
MATERIAL TARGET NUMBER
OF TARGET COMPOSITION LAYER OF
BODY (ATOMIC RATIO) THICKNESS MACHINED
TYPE (SUBSTRATE) Al Cr Ti  Si (um) GEAR
COMPARATIVE 1 SKH>H1 0.75 — 0.24 0.01 1 20
HIGH-SPEED 2 SKH>H1 0.24 0.75 — 0.01 2 25
STEEL 3 SKH>H1 0.47 — 0,50  0.03 7 35
GEAR 4 SKH>H1 042 052 —  0.06 5 40
CUTTING 5 SKH55 043 049 —  0.08 3 22
TOOL 6 SKH>5 0.53 — 040 0.07 8 30
7 SKH55 0.20 0.60 —  0.20 17 25
8 SKH>5 0.15 —  0.80 0.05 15 30
9 SKH51 0.45 — 048 0.07 2 22
10 SKH>1 0.35 0.535 —  0.10 6 40
11 SKH51 0.55 — 040 0,05 8 35
12 SKH>H1 045 040 —  0.15 8 35
13 SKH>5 0.20 0.75 —  0.05 3 20
14 SKHA5 0.05 — 094 0.01 13 25
15 SKH>5 0.30 0.55 —  0.15 8 33
16 SKH55 0.35 —  0.63 0.02 9 28
60

The compositions of the layers, namely, the under layer, the
thin layer A, and the thin layer B, which constitute the hard
coating layer of the coated high-speed steel gear cutters 1 to
16 of the invention and the compositions of the hard coating
layers of the comparative coated high-speed steel gear cutters
1 to 16 were measured by an energy dispersive X-ray analysis

65

method using a transmaission electron microscope. The results
of this measurement show that each layer has a substantially
same composition as 1ts target composition respectively.

Additionally, the thickness of each layer constituting the
above hard coating layer was section-measured by the trans-
mission electron microscope. The results of this measurement
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show that each layer has an average thickness (average of five
points) which 1s substantially same thickness as 1ts target
thickness.

The results n Tables 1 and 2 show clearly the following
subjects.

The hard coating layer of each of the coated high-speed
steel gear cutters of the invention

1s constituted by the alternately laminated layer of the thin

layer A and the thin layer B, and/or the under layer;
has excellent high-temperature hardness and thermoplastic
deformation resistance, and

has also excellent high-temperature toughness and high-

temperature strength.

Therefore, even 1n the cutting performed under the high-
speed gear cutting conditions 1 which high temperature 1s
generated, and a large impact and/or mechanical load 1s
applied; the hard coating layer can exhibit 1ts excellent wear
resistance without the occurrence of chipping or fractures.

On the other hand, 1f a comparative coated high-speed steel
gear cutter, on which ahard coating layer composed of an (Al,
Cr, S1)N layer (or a hard coating layer composed of an (Al, Ti,
S1)N layer) having a single layer structure 1s formed, 1s used
under the above high-speed gear cutting conditions; such
tool’s insullicient toughness will cause fractures or chipping.
Also, such tool’s poor wear resistance makes 1ts tool life
relatively short period.

EXAMPLE 3

As the first step, the following procedure was carried on to
manufacture cemented carbide end mills.

Material powders,

a medium coarse-grained WC powder having an average

grain size of 5.5 um,

a fine-grained WC powder having an average grain size of

0.8 um,

a TaC powder having an average grain size of 1.3 um,

an NbC powder having an average grain size of 1.2 um,

a /ZrC powder having an average grain size of 1.2 um,

a Cr,C, powder having an average grain size of 2.3 um,

a VC powder having an average grain size of 1.5 um.,

a (T, W)C [TiC/WC=50/50 1n a mass ratio] having an

average grain size of 1.0 um, and

a Co powder having an average grain size of 1.8 um;
are prepared as raw powders for the cemented carbide end
mulls.

These raw powders are blended in accordance with a
blending composition shown 1n Table 3. After adding wax to
the blended raw powders, the blended raw powders are well
mixed 1n acetone for 24 hours by a ball mill, and then dried in
a decompression atmosphere.

Thereatfter, the mixed powders are pressed with a pressure
of 100 MPa to form various green compacts having a prede-
termined shape.

In a vacuum atmosphere of 6 Pa, these green compacts are
heated up gradually at a temperature rising rate of 7° C./min
to a predetermined temperature 1n the range of 1370 to 1470°
C. After keeping this temperature for one hour, these green
compacts are sintered under the condition of furnace cooling.

Theretfore, three types of sintered compact for the forma-
tion of cemented carbide substrates are formed. These sin-
tered compacts have round bar shapes with diameters 8 mm,
13 mm, and 26 mm, respectively. Further, by grinding these
three types of round bar sintered compacts, cemented carbide
end mills 1 to 11 made of a WC-based cemented carbide alloy

were manufactured.
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These end mills 1 to 11 have a four-flute square shape with
a helix angle of 30°, and their dimensions in which a diam-
cterxlength are 6 mmx13 mm, 10 mmx22 mm, or 20 mmx435
mm respectively. Table 3 also shows the combinations of the
diameterxlength and the blending composition.

Next, the following procedure was carried on, to form a
coating layer on the above cemented carbide end mills.

The surfaces of these cemented carbide end mills 1 to 11
are cleaned by ultrasonic cleaning in acetone, and then dried.
Thereatter, these end mills are placed 1nto the arc 1on plating
apparatus shown 1n FIG. 1. Under the same conditions as
Example 1 aforementioned, surface-coated cemented carbide
end mills 1 to 11 (hereinafter referred to as coated cemented
carbide end mills 1 to 11 of the invention) were manufactured,
as the surface-coated cutting tools of the invention. On the
surfaces of these end mills, a under layer and an upper layer
are deposited. The under layer has a target composition and a
target thickness shown in Table 4. The upper layer 1s com-
posed of alternately laminated layers of the thin layers A and
B having target compositions and target thicknesses across
their thicknesses, respectively shown 1n Table 4.

In addition, the under layer 1s not provided in the surface-
coated cemented carbideend mills 1, 5, and 9 of the invention.

Additionally, for the purpose of comparison, comparative
surface-coated cemented carbide end mills with a single layer
structure coating layer (hereinafter referred to as comparative
coated cemented carbide end mills) were manufactured
through the following procedure.

The surfaces of the above cemented carbide end mills 1 to
11 are cleaned by ultrasonic cleaning in acetone, and then
dried. Thereafter, the end mills are placed mto an arc 1on
plating apparatus shown in FIG. 2. Under the same conditions
as Example 1 aforementioned, the comparative coated
cemented carbide end mills 1 to 11 having a hard coating
layer were manufactured. The hard coating layer has a single
layer structure with a target composition and a target thick-
ness respectively shown 1n Table 5.

(a) Next, the performances in cutting of the above coated
cemented carbide end mills 1 to 11 of the invention, and of the
above comparative coated cemented carbide end mills 1 to 11
were evaluated with a condition mentioned 1n the below (al),
(a2) or (a3).

(al) For the coated cemented carbide end mills 1 to 4 of the
invention and the comparative coated cemented carbide end
mills 1 to 4, a cutting test, 1n which these end mills try to
machine a die steel as a workpiece, was carried out under the
following conditions,

Cutting speed: 150 m/muin,

Depth of slot (depth of cut): 1.0 mm, and

Table feed: 1000 mm/muin.

Additionally, the workpiece 1s a plate of JIS-SKD61 with the

following dimensions,

Plane: 100 mmx2350 mm and
Thickness: 50 mm.

This cutting test was performed as a dry high-speed slot

milling of die steel. (Typical cutting speed of this cutting 1s
120 m/min.)
(a2) For the coated cemented carbide end mills 5 to 8 of the
invention and the comparative coated cemented carbide end
mills 5 to 8, a cutting test, 1n which these end mills try to
machine an alloy steel as a workpiece, was carried out under
the following conditions,

Cutting speed: 160 m/muin,

Depth of slot (depth of cut): 1.0 mm, and

Table feed: 1200 mm/muin.
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Additionally, the workpiece 1s a plate of JIS-SCM440 with
the following dimensions,

Plane: 100 mmx2350 mm and

Thickness: 50 mm.

This cutting test was performed as a dry high-speed slot

milling of alloy steel. (Typical cutting speed of tins cutting 1s
100 m/min.)
(a3) For the coated cemented carbide end mills 9 to 11 of the
invention and the comparative coated cemented carbide end
mills 9 to 11, a cutting test, 1n which these end mills try to
machine a cold-die steel as a workpiece, was carried out under
the following conditions,

Cutting speed: 100 m/min,

Depth of slot (depth of cut): 1.0 mm, and

Table feed: 600 mm/min,

5
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Additionally, the workpiece 1s a plate of JIS-SKD11 with
the following dimensions,
Plane: 100 mmx250 mm and

Thickness: 50 mm.
This cutting test was performed as a dry high-speed slot
milling of cold-die steel.

(Typical cutting speed of this cutting 1s 50 m/min.)

Each slot milling test mentioned in the above (al), (a2) or
(a3) was performed repeatedly until the wear width of a flank
face of the sample end mill became 0.1 mm. Then the length
of slot, which the sample end mill has cut, was measured. The
flank face 1s located at a peripheral cutting edge of a cutting
edge portion. This 0.1 mm 1s a standard of end mil’s life for
judging whether an end mill 1s usable or not. The test results

are shown 1n Tables 4 and 5.

TABLE 3
SYMBOL DIAMETER x
OF LENGTH OF
BODY CUTTING EDGE
(SUB- BLENDING COMPOSITION (MASS %) PORTION
TYPE STRATE) Co (Ti,W)C TaC NbC ZrC CryC, VC WC (mm)
RAW (A) 5 5 - - — MEDIUM COARSE 6 x 13
POWDER GRAIN: REMAINDER
FOR (B) 6 - 1 05 - — FINE GRAIN: 6 x 13
CEMENTED REMAINDER
CARBIDE (C) 6 - — 1 0.5 0.5 FINE GRAIN: 6 x 13
END MILL REMAINDER
(D) R - 05 0.5 FINE GRAIN: 10 x 22
REMAINDER
(E) 9 25 10 1 - - — MEDIUM COARSE 10 x 22
GRAIN: REMAINDER
(F) 10 - - 1 — FINE GRAIN: 10 x 22
REMAINDER
(G) 12 17 o 1 - - — MEDIUM COARSE 20 x 45
GRAIN: REMAINDER
(H) 16 - 10 3 10 13 MEDIUM COARSE 20 x 45
GRAIN: REMAINDER
TABLE 4
HARD COATING LAYER
UPPER LAYER/THIN LAYER A
SYMBOL UNDER LAYER TARGET ONE-LAYER
OF TARGET TARGET COMPOSITION TARGET
BODY COMPOSITION .LAYER (ATOMIC LLAYER
(SUB- (ATOMIC RATIO) THICKNESS RATIO) THICKNESS
TYPE STRATE) Al Cr Ti Si (um) Al Cr Si (nm)
COATED 1 (A) - - - - - 035 055  0.10 10
CEMENTED , (A) 035  0.53 —0.10 1 035 055  0.10 10
CARBIDE 3 (B) 0.45 - 048  0.07 , 045 052  0.03 30
END MILL 4 (C) 0.05 - 0.94  0.01 6 0.20 0.75 0.5 90
OF THE 5 (D) - - - - - 042 052  0.06 50
INVENTION 6 (D) 042  0.52 — 0.06 3.5 042 052  0.06 50
7 (E) 0.15 - 0.80  0.05 5 030 0.65 0.5 50
R (F) 040  0.45 015 7 040 045  0.15 70
9 (G) - - - - - 045 045  0.10 40
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TABLE 4-continued
10 () 0.45 0.45 - 0.10 4 045 045 0.10 40
11 (H) 0.75 - 0.15 0.10 10 045 040 0.15 100
HARD COATING LAYER
UPPER LAYER/ UPPER
THIN LAYER B LAYER
TARGET ONE-LAYER TOTAL
COMPOSITION TARGET TARGET
(ATOMIC LAYER LAYER LENGTH OF
RATIO) THICKNESS THICKNESS SLOT
TYPE Al Ti Sl (nm) (um) (m)
COATED 1 047 050 0.03 20 1 83
CEMENTED 2 047 050 0.03 20 1 08
CARBIDE 3 045 048 0.07 50 5 100
END MILL 4 0.05 094 0.01 60 8 93
OF THE 5 0.50 045 0.05 70 1.5 90
INVENTION 6 0.50 045 0.05 70 1.5 105
7 0.15> 0.0 0.05 30 3 95
8 0.35 0.63 0.02 40 10 94
9 0.55 040 0.05 30 4 8
10 0.55 040 0.05 30 4 103
11 0.75 0.15> 0.10 80 5 92
TABLE 3
SYMBOL HARD COATING LAYER
OF TARGET LENGTH
BODY  TARGET COMPOSITION LAYER OF
(SUB- (ATOMIC RATIO) THICKNESS SLOT
TYPE STRATE) Al Cr Ti  Si (um) (m)
COMPARATIVE 1 (A) 047 — 050 0.03 1 28
COAITED 2 (A) 035> 055 — 0.10 2 33
CEMENTED 3 (B) 0.45 — 048 0.07 7 40
CARBIDE 4 (C) 0.05 — 094 0.01 14 32
END MILL 5 (D) 050 — 045 0.05 1.5 31
0 (D) 042 052 —  0.06 5 38
7 (E) 0.15 —  0.80 0.05 8 33
8 (F) 040 04> —  0.15 17 32
9 (G3) 0.55 — 040 0.05 4 30
10 () 045 04> —  0.10 8 36
11 (H) 0.75 — 0.15 0.10 15 34
EXAMPLE 4 * end mills of the invention) 1 to 9 were manufactured, as the

Round bar materials made of high-speed tool steel (JIS-
SKH35) with three different dimensions, namely, the diam-
eter1s 8 mm, 13 mm, or 26 mm, were prepared. By machining
these three types of round bar materials, high-speed steel end
mills 1 to 9 were manufactured. These end mills 1 to 9 have a
tour-flute square shape with a helix angle of 30°, and cutting
edges of them have a dimension 1n which 1ts diameterxlength
1s 6 mmx13 mm, 10 mmx22 mm, or 20 mmx45 mm.

In addition, the dimensions and shapes of these high-speed
steel end mills 1 to 3, 4 to 6, and 7 to 9 are the same as those
of the cemented carbide end mills 1 to 4, 5t0o 8, 9 to 11
described in Example 3, respectively.

Next, the following procedure was carried on, to form a
coating layer on the above high-speed steel end malls.

The surfaces of these high-speed steel end maills 1 to 9 are
cleaned by ultrasonic cleaning in acetone, and then dried.
Thereatter, these end mills are placed 1nto the arc 1on plating
apparatus shown 1n FIG. 1. Under the same conditions as
Example 1 aforementioned, surface-coated high-speed steel
end mills (heremnatfter referred to as coated high-speed steel
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surface-coated cutting tools of the invention. On the surfaces
of these end mills, a under layer and an upper layer are
deposited. The under layer has a target composition and a
target thickness shown in Table 6. The upper layer 1s com-
posed of alternately laminated layers of the thin layers A and
B having target compositions and target thicknesses across
their thicknesses, respectively shown 1n Table 6.

In addition, the under layer i1s not provided in the coated
high-speed steel end mills 1, 4, and 7 of the invention.

Additionally, for the purpose of comparison, comparative
surface-coated high-speed steel end mills with a single layer
structure coating layer (hereinafter referred to as comparative
coated high-speed steel end mills) were manufactured
through the following procedure.

The surfaces of the above coated high-speed steel end mills
1 to 8 are cleaned by ultrasonic cleaning 1n acetone, and then
dried. Thereaiter, the end mills are placed into the arc 1on
plating apparatus shown in FIG. 2. Under the same conditions
as Example 1 aforementioned, the comparative coated high-
speed steel end mills 1 to 9 having a hard coating layer was
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manufactured. The hard coating layer has a single layer struc-
ture with a target composition and a target thickness respec-
tively shown 1n Table 7.

(b) Next, the performances 1n cutting of the above coated
high-speed steel end mills 1 to 9 of the invention and the
above comparative coated high-speed steel end mills 1 to 9
were evaluated with a condition mentioned 1n the below (b1),

(b2) or (b3).

(b1l) For the coated high-speed steel end mills 1 to 3 of the

invention and the comparative coated high-speed steel end
mills 1 to 3, a cutting test, 1n which these end mills try to
machine a carbon steel as a workpiece, was carried out under
the following conditions,

Cutting speed: 60 m/min,
Depth of slot (depth of cut): 6 mm, and
Table feed: 400 mm/min.

Additionally, the workpiece 1s a plate of JIS-S55C with the
following dimensions,

Plane: 100 mmx250 mm and
Thickness: 50 mm.

This cutting test was performed as a dry high-speed slot

milling of carbon steel. (Typical cutting speed of this cutting,
1s 30 m/min.)

(b2) For the coated high-speed steel end mills 4 to 6 of the
invention and the comparative coated high-speed steel end
mills 4 to 6, a cutting test, 1n which these end mills try to

machine a die steel as a workpiece, was carried out under the
following conditions,
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Cutting speed: 50 m/min,
Depth of slot (depth of cut): 10 mm, and
Table feed: 400 mm/min.

Additionally, the workpiece 1s a plate of JIS-SKD61 with

the following dimensions,
Plane: 100 mmx2350 mm and
Thickness: 50 mm.
This cutting test was performed as a dry thh-speed slot

milling of die steel. (Typical cutting speed of this cutting 1s 25
m/min.)

(b3) For the coated high-speed steel end mills 7 to 9 of the
invention and the comparative coated high-speed steel end
mills 7 to 9, a cutting test, 1n which these end mills try to
machine an alloy steel as a workpiece, was carried out under

the following conditions,

Cutting speed: 50 m/min,

Depth of slot (depth of cut): 20 mm, and

Table feed: 350 mm/min.

Additionally, the workpiece 1s a plate of JIS-SCM440 with
the following dimensions,

Plane: 100 mmx250 mm and
Thickness: 50 mm.

This cutting test was performed as a dry high-speed slot
milling of alloy steel. (Typical cutting speed of this cutting 1s
25 m/min.)

Each slot milling test mentioned 1n the above (b1), (b2) or
(b3) was performed repeatedly until the wear width of a flank
face of the sample end mill became 0.1 mm. Then the length
of slot, which the sample end mill has cut, was measured. The
flank face 1s located at a peripheral cutting edge of a cutting
edge portion. This 0.1 mm 1s a standard of end mill’s life for
judging whether an end mall 1s usable or not. The test results
are shown 1n Tables 6 and 7.

TABLE 6
HARD COATING LAYER
UPPER LAYER/THIN LAYER A
UNDER LAYER ONE-LAYER
TARGET TARGET TARGET TARGET
SYMBOL COMPOSITION LAYER COMPOSITION LAYER
OF (ATOMIC RATIO) THICKNESS (ATOMIC RATIO) THICKNESS
TYPE BODY Al Cr Ti S1 (um) Al Cr S1 (nm)
COATED 1 (A) — — — — — 0.35 0.55 0.10 70
HIGH SPEED 2 (B) 0.35 0.55 - 0.10 4 0.35 0.55 0.10 70
STEEL 3 (C) 0.15 — 0.80  0.05 10 0.30 0.65 0.05 80
END MILL 4 (D) - - - - - 0.40 0.45 0.15 60
OF THE 5 (E) 0.40 045 - 0.15 1 0.40 0.45 0.15 60
INVENTION 6 (F) 045 — 048  0.07 2 0.45 0.52 0.03 40
7 () - - - - - 0.45 0.45 0.10 100
8 () 045 045 - 0.10 7 0.45 0.45 0.10 100
9 (H) 0.05 — 0.94  0.01 5 0.20 0.75 0.05 20
HARD COATING LAYER
UPPER
UPPER LAYER/THIN LAYER B LAYER
TARGET ONE-LAYER TOTAL
COMPOSITION TARGET TARGET LENGTH
(ATOMIC LAYER LAYER OF
RATIO) THICKNESS THICKNESS SLOT
TYPE Al Ti S1 (nm) (Lm) (m)
COATED 1 047 050 0.03 50 2 20
HIGH SPEED 2 047  0.05 0.03 50 2 35
STEEL 3 0.15 0.80 0.05 90 3 25
END MILL 4 0.35 0.63 0.02 100 7 18
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OF THE 5 035 063 0.02 100 7 28
INVENTION 6 045 048 0.07 10 6 30
7 055 040 0.05 60 1 20
8 055 040 0.05 60 1 26
9 005 094 001 10 4 23
TABLE 7
HARD COATING LAYER
TARGET  LENGTH
SYMBOIL. TARGET COMPOSITION LLAYER OF
OF (ATOMIC RATIO) THICKNESS  SLOT
TYPE BODY Al Cr Ti  Si (um) (m)
COMPARATIVE 1 (A) 047 — 050 0.03 2 6
COATED , (B) 035 055 —  0.10 6 10
HIGH-SPEED 3 (C) 0.15 — 080 0.05 13 R
STEEL 4 (D) 035 — 063 0.02 7 5.3
END MILL 5 (E) 040 045 —  0.15 g R
6 (F) 045 — 048 0.07 g 9.3
7 (G) 0.55 — 040 0.05 1 6
R (G) 045 045 —  0.10 g 7.3
9 (H) 0.05 — 094 0.01 9 7

The compositions of the layers, namely, the under layer and
the upper layer composed of an alternately laminated layer
structure of the thin layers A and B, which constitute the hard
coating layer of the coated cemented carbide end mills 1 to 11
of the mnvention and the coated high-speed steel end mills 1 to
9 of the 1nvention 1n Examples 3 and 4; also the composition
of the hard coating layer of the comparative coated cemented
carbide end mills 1 to 11 and the comparative coated high-
speed steel end mills 1 to 9; were measured by an energy
dispersive X-ray analysis method using a transmission elec-
tron microscope.

The results of this measurement show that each layer has a
substantially same composition as its target composition
respectively.

Additionally, the thickness of each layer constituting the
above hard coating layer was section-measured by the trans-
mission electron microscope. The results of this measurement
show that each layer has an average thickness (average of five
points) which 1s substantially same thickness as 1ts target
thickness.

Theresults in Tables 4 to 7 show clearly the following facts.

The hard coating layer of the coated cemented carbide end
mills of the mvention and the coated high-speed steel end
mills of the mvention

1s constituted by the alternately laminated layer of the thin

layer A and the thin layer B, and/or the under layer;
has excellent high-temperature hardness and thermoplastic
deformation resistance, and

has also excellent high-temperature toughness and high-

temperature strength.

Therelfore, even 1n the cutting performed under the high-
speed milling conditions 1n which high temperature 1s gener-
ated, and a large impact and/or mechanical load 1s applied, the
hard coating layer can exhibit its excellent wear resistance
without the occurrence of chipping or fractures.

On the other hand, 11 a comparative coated cemented car-
bide end mill and a comparative coated high-speed end miull,
on which a hard coating layer composed of an (Al, Cr, S1)N
layer (or a hard coating layer composed of an (Al, T1, S1)N
layer) having a single layer structure 1s formed, 1s used under
the above high-speed milling conditions; such end mill’s
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insuificient toughness causes fractures or chipping. Also,
such end mill’s poor wear resistance makes its usable life time
relatively short period.

EXAMPLE 5

As the first step, three types of sintered compacts produced
in the above Example 3 having round bar shapes with diam-
cters 6 mm body symbols (A) to (C) of raw powders for
cemented carbide end mills), 10 mm body symbols (D) to (F)
of raw powders for cemented carbide end mills), or 20 mm
body symbols (G) and (H) of raw powders for cemented
carbide end mills) were prepared. By grinding these three
types of round bar sintered compacts, cemented carbide drills

1 to 11 made of a W(C-based cemented carbide alloy were
manufactured.

These drills 1 to 11 have a two-flute shape with a helix
angle o1 30°, and web sections of them have a dimension 1n
which a diameterxlength 1s 4 mmx13 mm for the drills 1 to 4,
10 mmx22 mm for the drills 5 to 8, or 20 mmx45 mm for the

drills 9 to 11.

Next, after a honing process was performed on the cutting
edges of these cemented carbide drills 1 to 11; they were also
cleaned by ultrasonic cleaning in acetone, and then dried.
Thereatter, these drills were placed 1nto the arc 10n plating
apparatus shown 1n FIG. 1. Under the same conditions as
Example 1 aforementioned, surface-coated cemented carbide
drills 1 to 11 (hereimnafter referred to as coated cemented
carbide drills 1 to 11 of the invention) were manufactured. On
the surfaces of these drlls, a under layer and an upper layer
are deposited. The under layer has a target composition and a
target thickness shown 1n Table 8. The upper layer 1s com-
posed of alternately laminated layers of the thin layers A and
B having target compositions and target thicknesses across
their thicknesses, respectively shown 1n Table 8.

In addition, the under layer 1s not provided in the surface-
coated cemented carbideend mills 1, 5, and 9 of the invention.

Additionally, for the purpose of comparison, comparative
surface-coated cemented carbide dnlls with a single layer
structure coating layer (hereinafter referred to as comparative
coated cemented carbide drills) were manufactured through
the following procedure.
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A honing process 1s performed on the cutting edge of the
above cemented carbide drills 1 to 11. They are also cleaned
by ultrasonic cleaning 1n acetone, and then dried. Thereafter,
cach drill 1s placed 1nto the arc 10on plating apparatus shown 1n
FIG. 2. Under the same conditions as Example 1 aforemen-
tioned, the comparative surface-coated cemented carbide
drills 1 to 11 having a hard coating layer was manufactured.
The hard coating layer has a single layer structure with a
target composition and a target thickness respectively shown
in Table 9.

(c) Next, the performances in drilling of the above coated
cemented carbide drills 1 to 11 of the invention and the above
comparative coated cemented carbide drills 1 to 11 were
measured with a condition mentioned 1n the below (c1), (¢2)
or (c3).

(c1) For the coated cemented carbide dnlls 1 to 4 of the
invention and for the comparative coated cemented carbide
drills 1 to 4, a cutting test, in which these drills try to machine
an alloy tool steel for hot die as a workpiece, was carried out
under the following conditions,

Cutting speed: 50 m/min,

Feed: 0.18 mm/rev, and

Hole depth: 10 mm.

Additionally, the workpiece 1s a plate of JIS-SKD61 with
the following dimensions,

Plane: 100 mmx250 mm and

Thickness: 50 mm.

This cutting test was performed as a wet high-speed drill-
ing of alloy tool steel for hot die.

(Typical cutting speed of this cutting 1s 35 m/min.)

(c2) For the coated cemented carbide drills 5 to 8 of the
invention and for the comparative coated cemented carbide
drills 5 to 8, a cutting test, in which these drills try to machine
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a chromium-molybdenum steel as a workpiece, was carried
out under the following conditions,

Cutting speed: 85 m/min,

Feed: 0.3 mm/rev, and

Hole depth: 20 mm.

Additionally, the workpiece 1s a plate of JIS-SCM440 with
the following dimensions,

Plane: 100 mmx250 mm and
Thickness: 50 mm.

-

T'his cutting test was performed as a wet high-speed drill-
ing of chromium-molybdenum steel. (Typical cutting speed
of this cutting 1s 60 m/min.)

(c3) For the coated cemented carbide drills 9 to 11 of the
invention and for the comparative coated cemented carbide
dr1lls 9 to 11, a cutting test, in which these drills try to machine
a carbon steel for mechanical structure as a workpiece, was
carried out under the following conditions,

Cutting speed: 110 m/muin,
Feed: 0.3 mm/rev, and

Hole depth: 40 mm.

Additionally, the workpiece 1s a plate of JIS-S35C with the
following dimensions,

Plane: 100 mmx250 mm and

Thickness: 50 mm.

r

T'his cutting test was performed as a wet high-speed drill-
ing of carbon steel for mechanical structure. (Typical cutting
speed of this cutting 1s 80 m/min.)

Until the wear width of a flank face at a tip cutting edge face
of the sample drill became 0.2 mm, each wet high-speed
drilling test mentioned 1n the above (cl), (c2) or (c3) was
performed repeatedly; and then the number of holes bored by

the sample drill was counted. The test results are shown in
Tables 8 and 9.

TABLE 8

HARD COATING LAYER

UPPER LAYER/THIN LAYER A

UNDER LAYER TARGET ONE-LAYER
TARGET TARGET COMPOSITION TARGET
SYMBOL COMPOSITION LLAYER (ATOMIC LAYER
OF (ATOMIC RATIO) THICKNESS RATIO) THICKNESS
TYPE BODY Al Cr Ti  Si (um) Al Cr Sj (nm)
COATED 1 (A) _ _ . _ 035 0.5  0.10 10
CEMENTED , (A) 035 055 —  0.10 1 035 0.5  0.10 10
CARBIDE 3 (B) 045 — 048 0.07 , 0.45 0.52  0.03 30
DRILL 4 (C) 005 — 094 0.1 6 020 0.75  0.05 90
OF THE 5 (D) _ _ . _ 042  0.52  0.06 50
INVENTION 6 (D) 042 052 — 0.6 3.5 042 0.2  0.06 50
7 (E) 015 —  0.80 0.05 5 030  0.65  0.05 50
] (F) 040 045 —  0.15 7 0.40 045  0.15 70
9 (G) _ _ . _ 045 045  0.10 40
10 (G) 045 045 —  0.10 4 0.45 045  0.10 40
11 (H) 0.75 —  0.15 0.10 10 0.45 040  0.15 100
HARD COATING LAYER
UPPER-
UPPER LAYER/THIN LAYER B LLAYER
TARGET ONE-LAYER TOTAL
COMPOSITION TARGET TARGET NUMBER
(ATOMIC LLAYER LLAYER OF
RATIO) THICKNESS THICKNESS  DRILLED
TYPE Al Ti Si (nm) (um) HOLES
COATED 1 047 050  0.03 20 6500
CEMENTED 2 047 050  0.03 20 7800
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TABLE 8-continued

CARBIDE 3 0.45 0.4% 0.07
DRILL 4 0.05 0.94 0.01
OF THE 5 0.50 0.45 0.05
INVENTION 6 0.50 0.45 0.05
7 0.15 0.80 0.05

8 0.35 0.63 0.02

9 0.55 0.40 0.05

10 .55 0.40 0.05

11 0.75 0.15 0.10

US RE45,719 E

The compositions of the layers, namely, the under layer and
the upper layer composed of an alternately laminated layer

structure of the thin layers A and B, which constitute the hard s

coating layer of the coated cemented carbide drills 1 to 11 of
the invention, and the composition of the hard coating layer of
the comparative coated cemented carbide drills 1 to 11 were
measured by an energy dispersive X-ray analysis method
using a transmission electron microscope. The results of this
measurement show that each layer has a substantially same
composition as its target composition respectively. Addition-
ally, the thickness of each layer constituting the above hard
coating layer was section-measured by the transmission elec-
tron microscope. The results of this measurement show that
cach layer has an average thickness (average of five points)
which 1s substantially same thickness as 1ts target thickness.

The results 1n Tables 8 and 9 show clearly the followings
facts.

The hard coating layer of each of the coated cemented
carbide drills of the invention

1s constituted by the alternately laminated layer of the thin

layer A and the thin layer B, and/or the under layer;
has excellent high-temperature hardness and thermoplastic
deformation resistance, and

has also excellent high-temperature toughness and high-

temperature strength.

Therelfore, even 1n a drilling performed under the high-
speed drilling conditions 1n which high temperature 1s gener-
ated, and a large impact and/or mechanical load 1s applied, the
hard coating layer can exhibit its excellent wear resistance
without the occurrence of chipping or fractures.

On the other hand, 11 a comparative coated cemented car-
bide drills, on which a hard coating layer composed of an (Al,
Cr, S1)N layer (or a hard coating layer composed of an (Al, Ti,
S1)N layer) having a single layer structure 1s formed, 1s used
under the above high-speed drilling conditions; such drill’s
isuificient toughness causes fractures or chipping. Also,
such drill’s poor wear resistance makes 1ts usable life time
relatively short period.

INDUSTRIAL APPLICABILITY

The above Examples 1 to 5 claniy the following facts. The
surface-coated cutting tools of the present invention (for
example, the coated high-speed steel gear cutters of the mnven-
tion, the coated cemented carbide end mills of the invention,
the coated high-speed steel end mills of the invention, and the
coated cemented carbide drills of the invention) exhibit excel-
lent fracture resistance and wear resistance, and show excel-
lent cutting performance for a prolonged period of time, even
if these cutting tools are used 1n the high-speed gear cutting,
high-speed milling, and high-speed drilling 1n which high
temperature 1s generated, and a large impact and mechanical
load 1s applied, as well as 1n cutting processing under normal
cutting conditions of various kinds of steel or cast iron. There-
fore, 1t 1s possible to be sufliciently satisfied with the demand
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50 5 7500
60 8 6800
70 1.5 6700
70 1.5 8OO0
30 3 7300
40 10 7000
30 4 2800
30 4 3200
80 5 3000

for a high performance cutting apparatus, labor-saving and
energy-saving in cutting process, and cost reduction.

The mvention claimed 1s:

1. A surface-coated cutting tool comprising a hard coating
layer formed on a surface of a tool substrate, the hard coating
layer 1s composed of an alternately laminated layer structure
of at least a thin layer A and a thin layer B, 1n which

the thin layer A has a thickness of 0.01 to 0.1 um,

the thin layer B has a thickness of 0.01 to 0.1 um, and

a total thickness of the thin layers A and B 1s within 1 to 10
lm:

(a) the thin layer A 1s a complex nitride layer of Al, Cr and
S1, and when expressing a composition of the complex
nitride layer as a compositional formula [Al,Cr;S1,]N,
each X, Y and Z satisfies the relations,

0.2=X=0.45, 0.4=Y=0.75, 0.01=7=0.2, and X+Y+7Z=1

(where all of X, Y, and Z are atomic ratios); and

(b) the thin layer B 1s a complex nitride layer of Al, T1, and
S1, and when expressing a composition of the complex
nitride layer as a compositional formula [ Al T1,.S1,,]N,
each U, V and W satisfies the relations,

0.05=U=0.75, 0.15=V0.94, 0.01=W=0.1, and U+V+
W=1

(where all of U, V, and W are atomic ratios),

wherein the hard coating layer includes:

an upper layer composed of an alternately laminated layer

structure of the thin layer A and the thin layer B, and
an under layer formed so as to be interposed between the

upper layer and the surface of the tool substrate; and
the under layer has a composition which satisfies the com-

positional formula of the thin layer A or the thin layer B.

2. The surface-coated cutting tool according to claim 1,
wherein

the under layer has a thickness 01 0.5 to 10 um.

[3. The surface-coated cutting tool according to claim 1,
wherein 1ts hard coating layer includes

an upper layer composed of an alternately laminated layer

structure of the thin layer A and the thin layer B, and

a under layer formed so as to be interposed between the

upper layer and the surface of the tool substrate, and

the under layer has a thickness of 0.5 to 10 um, and has a

composition which satisfies the compositional formula
of the thin layer B.]

4. The surface-coated cutting tool according to claim 1,
wherein the surface-coated cutting tool 1s a gear cutter in
which its tool substrate 1s made of a high-speed tool steel.

5. The surface-coated cutting tool according to claim 1,
wherein the surface-coated cutting tool 1s an end mill 1n which
its tool substrate 1s made of a high-speed tool steel.

6. The surface-coated cutting tool according to claim 1,
wherein the surface-coated cutting tool 1s an end mill or a drll
in which 1ts tool substrate 1s made of tungsten-carbide-based
cemented carbide.
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7. The surface-coated cutting tool according to claim 2,
herein the surface-coated cutting tool 1s a gear cutter in
hich its tool substrate 1s made of a high-speed tool steel.

[8. The surface-coated cutting tool according to claim 3,
wherein the surface-coated cutting tool 1s a gear cutter in
which its tool substrate is made of a high-speed tool steel.]

9. The surface-coated cutting tool according to claim 2,
wherein the surface-coated cutting tool 1s an end mill 1n which
its tool substrate 1s made of a high-speed tool steel.

[10. The surface-coated cutting tool according to claim 3,
wherein the surface-coated cutting tool 1s an end mill 1n which
its tool substrate is made of a high-speed tool steel ]

11. The surface-coated cutting tool according to claim 2,
wherein the surface-coated cutting tool 1s an end mill ora dnll
in which 1its tool substrate 1s made of tungsten-carbide-based
cemented carbide.

[12. The surface-coated cutting tool according to claim 3,
wherein the surface-coated cutting tool 1s an end mill or a drill
in which 1ts tool substrate 1s made of tungsten-carbide-based

cemented carbide.]
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