
COATED ARTICLE WITH NANOLAYERED COATING SCHEME BACKGROUND OF THE INVENTION
[0001]The invention pertains to a coated article, as well as a method for
applying the  coating scheme. More specifically, the invention pertains to
a coated article wherein the coating scheme includes nanolayers containing
aluminum, chromium, titanium and nitrogen, as well as a method for applying
the coating scheme. Exemplary coated articles include without limitation
cutting inserts and wear components. [0002]Referring to a coated cutting
insert as one example of a coated article, a coated cutting insert
typically comprises a substrate with a coating scheme thereon. The cutting
insert exhibits a geometry such that it typically has rake surfaces and
flank surfaces wherein there are cutting edges at the intersection (or
juncture) of the rake surfaces and the flank surfaces. For coated cutting
inserts in general, any one of a number of different techniques can apply
the coating scheme to the substrate. These techniques can include chemical
vapor deposition (CVD) and physical vapor deposition (PVD). [0003]Coated
cutting inserts are useful for the removal of material in a chipforming
material removal operation. Chipforming material removal operations
include, without limitation, milling, turning, boring, drilling and like
operations wherein a cutting insert engages a workpiece with the cutting
insert and workpiece moving relative to each other. A great amount of heat
can exist at the point (or surface) of engagement between the workpiece and
cutting insert (i.e., cutting insert-chip interface). Transfer of the heat
at the cutting-chip interface into the substrate and the interface between
the coating scheme and the substrate (i.e., coating-substrate interface)
can be detrimental to cutting insert performance. More specifically,
transfer of heat to the substrate and the coating-substrate interface
creates premature excessive wear of the coating. Such excessive wear of the
coating scheme typically shortens the useful life of the coated cutting
insert. [0004]The coating scheme typically influences the extent of heat
transfer from the  cutting insert-chip interface to the substrate and
coating-substrate interface. The thermal conductivity of the coating scheme
is a property that can strongly influence the extent of such heat transfer.
A coating scheme that exhibits an overall lower thermal conductivity
typically reduces the amount of heat in the substrate and at the
coating-substrate interface. Such a  -2 -  reduction in heat transfer
typically results in a longer useful tool life for the cutting insert in
comparison to a coated cutting insert that does not exhibit a reduction in
heat transfer. [0005]In the past, coated cutting inserts have exhibited
various coating schemes. For example, U.S. Patent Application Publication
No. US 2006/0269788 Al to Ishikawa appears to disclose alternating layers
of AlCrTiN with differing compositions between the layers. According to the
English abstracts, Japanese Patent Publication No. 2003 340608 A2 to
Natsuki et al. and Japanese Patent Publication No. 2004 106108 A2 to
Hidemitsu et al. each provide a disclosure that appears to include
alternating layers of TiAlCrN, but the chromium is always present in each
coating layer. [0006]WO 2006/084404 Al to Endrino (assigned to Uniaxis
Balzer AG) appears to disclose the use of an AlCrN inner coating layer and
an AlCrN outer coating layer. According to the English abstract, Japanese
Patent Publication No. 2004 050381 A2 to Yasuhiko apparently discloses a
surface layer of AlCrN. U.S. Patent No. 7,226,670 B2 to Derflinger et al.
(assigned to OC Oerlikon Balzers AG) appears to teach that AlCrN is a
beneficial coating material. [0007]U.S. Patent Application Publication No.
US 2005/0170162 Al to Yamamoto et al. apparently discloses a coating layer
of (Ti Al Cr)N in an alternating coating scheme. U.S. Patent No. 6,730,392
B2 to Vetter et al. seems to disclose an alternating coating scheme wherein
the layers have different contents of aluminum, titanium and chromium, as
well as different nitrogen/oxygen ratios. U.S. Patent No. 7,008,688 B2 to
Toihara appears to show alternating coating layer arrangement using TiAlN
and CrN. Further, the following patent documents seems to show various
coating schemes with alternatingcoating layers: U.S. Patent No. 6,103,357
to Selinder et al., U.S. Patent No. 7,056,602 to Hailing et al., U.S.
Patent No. 7,083,868 to Honing et al., and PCT Patent Publication WO
2006/041366 Al to 



Astrand et al. [0008]The following three patents apparently show the
utility of (Ti Al Cr)N films U.S. Patent No. 6,824,601 B2 to Yamamoto et
al., U.S. Patent No. 6,919,288 B2 to Yamamoto et al., and U.S. Patent No.
7,186,324 B2 to Yamamoto et al.  3 SUMMARY OF THE INVENTION  100091In one
aspect of the invention there is provided a coated cutting insert for use
in a chipforming material removal operation, the cutting insert comprising:
a substrate and a wear-resistant coating scheme wherein the wear-resistant
coating scheme comprising: a mediate multi-periodicity nanolayer coating
scheme containing titanium, aluminum, chromium and nitrogen; and the
mediate multi-periodicity nanolayer coating scheme comprising a plurality
of sets of alternating layer arrangements wherein each one of the
alternating layer arrangements comprises a base layer comprising titanium,
aluminum and nitrogen and a nanolayer region comprising a plurality of sets
of alternating nanolayers wherein each set of alternating nanolayers
comprises one nanolayer comprising aluminum, chromium, titanium and
nitrogen, and another nanolayer comprises aluminum, chromium, titanium and
nitrogen, and the base layer having a base layer thickness and the
nanolayer region having a nanolayer region thickness wherein the base layer
thickness is smaller than the nanolayer region thickness. [0010]In yet
another aspect of the invention there is provided a coated cutting insert
for use in a chipfonning material removal operation, the cutting insert
comprising: a substrate and a wear-resistant coating scheme wherein the
wear-resistant coating scheme comprising: a mediate multi-periodicity
nanolayer coating scheme containing titanium, aluminum, chromium and X;
wherein X comprises any one of the following nitrogen, carbon, boron,
carbon and nitrogen, boron and nitrogen, carbon and boron and nitrogen,
nitrogen and oxygen, carbon and oxygen, boron and oxygen, carbon and
nitrogen and oxygen, boron and nitrogen and oxygen, and carbon and boron
and nitrogen and oxygen; the mediate multi-periodicity nanolayer coating
scheme comprising a plurality of sets of alternating layer arrangements
wherein each one of the alternating layer arrangements comprises a base
layer comprising titanium, aluminum and X and a nanolayer region comprising
a plurality of sets of alternating nanolayers wherein each set of
alternating nanolayers comprises one nanolayer comprising aluminum,
chromium, titanium and X and another nanolayer comprising aluminum,
chromium, titanium and X; and the base layer having a base layer thickness
and the nanolayer region having a nanolayer region thickness wherein the
base layer thickness is smaller than the nanolayer region thickness.
[0011]In still another aspect of the invention, there is provided a method
of applying a coating scheme comprising the steps of: applying a mediate
multi-periodicity nanolayer coating scheme  4 containing titanium,
aluminum, chromium and X, wherein X comprises any one of a group consisting
of nitrogen, carbon, boron, carbon and nitrogen, boron and nitrogen, carbon
and boron and nitrogen, nitrogen and oxygen, carbon and oxygen, boron and
oxygen, carbon and nitrogen and oxygen, boron and nitrogen and oxygen, and
carbon and boron and nitrogen and oxygen, and the step of applying the
mediate multi-periodicity nanolayer coating scheme comprising the steps of:
applying a plurality of sets of alternating layer arrangements wherein
application of each alternating layer arrangement comprising the steps of:
applying a base layer comprising titanium, aluminum and X; and applying a
nanolayer region comprising the steps of: applying a plurality of sets of
alternating nanolayers comprising the steps of: applying one nanolayer
comprising titanium, aluminum chromium, and X, and applying another
nanolayer comprising aluminum, chromium, titanium and X. [0011A]In still
another aspect of the invention there is provided a coated article
comprising a substrate and a wear-resistant coating scheme wherein the
wear-resistant coating scheme comprising: a mediate multi-periodicity
nanolayer coating scheme containing titanium, aluminum, chromium and
nitrogen; and the mediate multi-periodicity nanolayer coating scheme
comprising a plurality of sets of alternating layer arrangements wherein
each one of the alternating layer arrangements comprises a base layer
comprising titanium, aluminum and nitrogen and a nanolayer region
comprising a plurality of sets of alternating nanolayers wherein each set
of alternating nanolayers comprises one nanolayer comprising aluminum,
chromium, titanium and nitrogen, and another nanolayer comprising aluminum,
chromium, titanium and nitrogen, and the base layer having a base layer
thickness and the nanolayer region having a nanolayer region thickness
wherein the base layer thickness is smaller than the nanolayer region
thickness. BRIEF DESCRIPTION OF THE DRAWINGS  [0012]The following is a
brief description of the drawings that form a part of this patent
application: 



100131FIG. 1 is an isometric view of a coated cutting insert of the
invention wherein the coated cutting insert comprises a substrate and a
wear-resistant coating scheme and a portion of the coating has been removed
to expose the substrate; [0014]FIG. 2 is a schematic view of a specific
embodiment of a wear-resistant coating scheme of the invention; 100151FIG.
2A is an enlarged schematic view of the nanolayer coating region of the
wear-resistant coating scheme of FIG. 2  -5 100161FIG. 3 is a
photomicrograph (with a 10 urn scale) taken via optical microscopy  of a
specific embodiment of the cross-section of a coating scheme of the
invention that shows the corner cutting edge of a coated cutting insert;
[00171FIG. 4 is photomicrograph (with a 10 run scale) taken via
transmission electron microscopy (TEM) of the nanotayer coating region of a
specific embodiment of a coating scheme of the invention; 100181FIG. 4A is
a diffraction pattern taken via TEM that shows the face centered cubic
(FCC) crystal structure of a specific embodiment of the wear-resistant
coating scheme; and [0019]FIG. 5 is an x-ray diffraction graph of the
wear-resistant coating scheme that shows the presence of two face centered
cubic (FCC) crystal structures (i.e., Fm-3m structure with a lattice
parameter = 0.4151 nm according to FIG. 5 and F-43m structure with a
lattice parameter = 0.4368 nm) according to FIG. 5; DETAILED DESCRIPTION
10020]FIG. 1 is an isometric view of a coated cutting insert of the
invention generally designated as 20, Coated cutting insert 20 comprises a
substrate 22 and a coating scheme 24. A portion of the coating 24 has been
removed to expose the substrate 22. The coating scheme 24 is on the surface
of the cutting insert substrate 22. Coated cutting insert 20 exhibits flank
surfaces 26 and rake surfaces 28. Cutting edges 30 exist at the
intersections of the flank surfaces 26 and rake surfaces 28. Substrate 22
can be any one of a number of materials suitable as a substrate for use as
a cutting insert including, but not limited to, the following materials:
high speed steel, cemented carbides including cobalt-tungsten carbide,
ceramics including SiAlON and alumina and silicon nitride, cermets
including titanium carbide-based materials, and superhard materials
including sintered cubic boron nitride and 



sintered diamond. [0021]Coated cutting inserts, such as cutting insert 20,
are useful for the removal of material in a chipforming material removal
operation. Chipforming material removal operations include, without
limitation, milling, turning, boring, drilling and like operations wherein
a cutting insert engages a workpiece with the cutting insert and workpiece
moving relative to each other. A great amount of heat can exist at the
point (or surface) of  engagement between the workpiece and cutting insert
(i.e., cutting insert-chip interface). Transfer of the heat at the cutting
insert-chip interface into the substrate and the interface between the
coating scheme and the substrate (i.e., coating-substrate interface) can be
detrimental to cutting insert performance. More specifically, transfer of
heat to the substrate and the coating-substrate interface weakens the
adhesion of the coating to the substrate, which creates premature excessive
wear of the coating. Such excessive wear of the coating scheme typically
shortens the useful life of the coated cutting insert. 100221The coating
scheme typically influences the extent of heat transfer from the cutting
insert-chip interface to the substrate and coating-substrate interface,
Since the transfer of heat, and especially excessive heat, to the substrate
and the coating-substrate interface is detrimental to the integrity of the
coating, a coating scheme that exhibits overall thermal conductivity
properties that reduce such heat transfer is advantageous. This is so
because such a reduction in heat transfer typically results in a longer
useful tool life for the cutting insert in comparison to a coated cutting
insert that does not exhibit a reduction in heat transfer. In the present
embodiments, by using selected coating sequences, the overall coating
scheme exhibits overall thermal conductivity properties that minimize the
extent of heat transfer from the cutting insert-chip interface (or contact
zone chip-coating surface) to the substrate and coating-substrate
interface. [00233The specific coating scheme has a muftilayer structure
which contains one or more coating layers that contain aluminum, chromium
and nitrogen (e.g., aluminum chromium nitride), which has a lower thermal
conductivity, and one or more layers that contain titanium, aluminum and
nitrogen (e.g., titanium aluminum nitride), which has a higher thermal
conductivity. Using these two coating layers, i.e., aluminum chromium
nitride and titanium aluminum nitride, in a particular arrangement (or
architecture) results in a reduction (or minimization) of the heat transfer
from the cutting insert-chip interface down to the substrate and thc
coating-substrate interface. [0024!More specifically, use of the aluminum
chromium nitride top coating layer  helps to impede the transfer of heat
from the cutting insert-chip interface to the substrate and
coating-substrate interface due to the lower thermal conductivity of the
aluminum chromium nitride. As a result, some of the heat remains in the
chip and does not pass into and through the coating and into the substrate
and coating-substrate interface. Thus, while there is an  -7 - appreciation
that use of a top coating with a lower thermal conductivity provides
advantages, use of such a layer by itself can be detrimental because
excessive concentration of heat at the cutting edge, which results in tool
failures at the cutting edge. [0025]To overcome the presence of excessive
heat at the cutting edge due to the top coating layer with a lower thermal
conductivity, a coating scheme can have an underlying coating layer of
titanium aluminum nitride, which has a higher thermal conductivity,
underneath the aluminum chromium nitride layer. The underlying coating
layer serves to dissipate the heat in the top coating layer so that heat
will spread in all directions (e.g., in a direction perpendicular, as well
as parallel to the surface) within the titanium aluminum nitride coating
layer. Such heat dissipation (or spatial distribution of heat) removes the
excessive concentration of heat at the cutting edge. [0026]As the heat
transfer proceeds sequentially from the top coating layer to the innermost
coating layer, the coating layers in the multilayer-nanolayer coating
sequence (or coating architecture) are such that the aluminum chromium
nitride coating layers impede or block heat transfer and the titanium
aluminum nitride coating layers dissipate or spread-away heat. The result
of the coating functioning to alternatively block heat transfer or
dissipate heat results in a reduction of heat in the substrate and at the
coating-substrate interface. Further, the presence of another aluminum
chromium nitride base coating layer, which has a lower thermal
conductivity, between the substrate and the base layer helps to protect the
substrate and the coating-substrate interface against the heat transfer.
Reduction in heat transfer to the substrate and the coating-substrate
interface results in a reduction (or minimization) or delay of thermal
crack formation within the substrate. The delay or reduction of thermal
cracking in the substrate typically increases the useful life of the
cutting insert. 100271FIG. 2 illustrates in a cross-sectional form a
specific embodiment of the wear- 



resistant coating scheme generally designated as 40 of the invention.
Physical vapor deposition (PVD) is the technique used to apply coating
scheme 40. The wear-resistant coating scheme 40 comprises an underlayer 42,
which contains aluminum, chromium and nitrogen. The coating scheme 40
further contains a top layer 46, which contains aluminum, chromium and
nitrogen. The underlayer 42 and the top layer 46 each exhibit a lower
thermal conductivity as discussed above. The coating scheme 40 also
contains a mediate multi-  -8 periodicity nanolayer coating scheme (see
bracket 44), which contains titanium, aluminum, chromium and nitrogen. The
wear-resistant coating scheme 40 has a coating thickness A equal to between
about 1500 nanometers and about 15,000 nanometers. The different coating
layers in the mediate multi-periodicity nanolayer coating scheme can be of
different compositions that have different thermal conductivities. By
selectively arranging the coating Layers in the mediate multi-periodicity
nanolayer coating scheme one achieves a coating architecture that functions
to alternatively block heat transfer or dissipate heat, which results in a
reduction of heat in the substrate and at the coating-substrate interface.
10028.1The coating scheme also includes a lower transition coating layer 43
that is on  top of the underlayer 42. The lower transition coating layer 43
provides a transition between the underlayer 42 to the mediate
multi-periodicity nanolayer coating scheme 44. There is an upper transition
coating layer 45 that provides a transition between the mediate
multi-periodicity nanolayer coating scheme 44 and the top layer 46.
[00291In this specific embodiment, the underlayer 42 is closest to the
substrate and the top layer 46 is farthest from the substrate. The mediate
multi-periodicity nanolayer coating scheme 44 is mediate of the lower
transition coating layer 43 and the upper transition coating layer 45.
There should be an appreciation that other underlayers (or multiple coating
layers) could he located between the underlayer 42 and the surface of the
substrate. There should also be an appreciation that a top coating layer
(or top coating layer scheme of multiple coating layers) could be on the
top of the top layer 46. [0030]The underlayer 42 exhibits an underlayer
thickness B, which ranges between about 20 nanometers and about 500
nanometers. The top layer 46 exhibits a top layer thickness D, which ranges
between about 300 nanometers and about 2000 nanometers. More preferably,
the thickness of the top layer 46 is greater than 500 nanometers to achieve
an optimum thermal barrier. The underlayer 42 has a composition of
(AlaCri.a)N wherein 0.2 < a < 0.7, and a more preferred composition of 0.5
< a 510.69. The top layer 46 has a composition of (AlaCri_a)N wherein 0.2 <
a 510.7, and a more preferred composition of 0.5 < a51 0.69. [00311In
reference to the mediate multi-periodicity nanolayer coating scheme 44, it
comprises a plurality of sets of alternating layer arrangements (see
brackets 50, 52, 54, 56, 58, 60 and 62). There should be an appreciation
that the number of alternating layer  -9 -  arrangements like that of
bracket 50 can vary depending upon the specific application for the cutting
insert. Referring to alternating layer arrangement 50, which is
representative of the other alternating layer arrangements, arrangement 50
contains a base layer 64, which comprises titanium, aluminum and nitrogen.
Alternating layer arrangement 50 further comprises a nanolayer region (see
bracket 66). [0032]Referring to FIG. 2A, the nanolayer region 66 comprises
a plurality of sets of alternating nanolayers (68, 70, 72, 74, 76 and 78)
wherein one nanolayer 82 comprises aluminum, chromium, titanium and
nitrogen, and another nanolayer 84 comprises aluminum, chromium, titanium
and nitrogen. The contents of the aluminum, chromium, titanium and nitrogen
in the one nanolayer 82 can be, and typically are at least for one of the
elements, different from the contents of the aluminum, chromium, titanium
and nitrogen in the other nanolayer 84. In some instances, the chromium
content in the one nanolayer is almost or equals zero. In such instances,
the one nanolayer has a composition of (TiyAl .3,)1\1- wherein 0.2 < y
<0.65, and the other nanolayer has a composition of (TipAlqCri.(p+ON
wherein 0.2  p 5_ 0.5 and 0.01 5_ q S 0.65 and (p + q) < 1 (and more
preferably 0.3 5_ p s: 0.5 and 0.2 .< q 0.65 and (p  q) < I). In those
instances in which chromium is present in both nanolayers, the one
nanolayer of the set of alternating nanolayers in the nanolayer region
comprising (TiyCrA1]-(x+ON wherein 0 <x 0.15 and 0.2 < y <0.65, and other
nanolayer of the set of alternating nanolayers in the nanolayer region
comprising (TipAlgCri.(p+0)N wherein 0.2 5. p <0.65 and 0.01 < q < 0.65 and
(p q) < I. [0033]The nanolayer region 66 has a nanolayer region thickness F
equal to be 



between about 100 nanometers and about 900 nanometers. Further, for each
set of alternating nanolayers (68, 70, 72, 74, 76, 78) the alternating
nanolayers (82, 84) therein have a periodicity ranging between about 2
nanometers and about 50 nanometers. The base layer 64 has a base layer
thickness 0, which ranges between about 100 nanorneters and about 500
nanometers. The base layer 64 has a composition of cliyAll -ON and wherein
0.2 < y < 0.65, and more preferably 0.3 < y 0.6. The base layer thickness G
is smaller than the nanolayer region thickness F. [0034]In reference to the
lower transition coating layer 43, this coating layer 43 comprises a
plurality of sets of alternating nanolayers like region 66. One lower
transition nanolayer comprises aluminum, chromium, titanium and nitrogen,
and another lower  -10 - transition nanolayer comprises aluminum, chromium,
titanium and nitrogen. The contents of the aluminum, chromium, titanium and
nitrogen in the one iower transition nanolayer can be, and typically are at
least for one of the elements, different from the contents of the aluminum,
chromium, titanium and nitrogen in the other lower transition nanolayer. In
some instances,  the chromium content in the one lower transition nanolayer
is almost or equals zero. In such instances, the one lower transition
nanolayer has a composition of (TiyAli_ON wherein 0.2 < y <0.65, and the
other lower transition nanolayer has a composition of (TipAlgCri.(p+ON
wherein 0.2 Sp 50.5 and 0.01 S q < 0.65 and (p  q) < 1 (and more preferably
0.3 ,.<," p S 0.5 and 0.2 < q < 0.65 and (p + q) < 1). In those instances
in which chromium is present in both lower transition nanolayers, the one
lower transition nanolayer comprises wherein 0 <x < 0.15 and 0.2 < y <
0.65, and other lower transition nanolayer comprises (TipAlgCrkp-o)N
wherein 0.2 5 p < 0.65 and 0.01 < q < 0.65 and (p + q) < 1. The thickness
of the lower transition coating layer ranges between about 50 nanometers
and about 200 nanometers. Further, for each set of alternating nanolayers,
the alternating nanolayers therein have a periodicity ranging between about
2 nanometers and about 50 nanometers. [0035iIn reference to the upper
transition coating layer 45, this coating layer 45  comprises a plurality
of sets of alternating upper transition nanolayers like region 66. One
upper transition nanolayer comprises aluminum, chromium, titanium and
nitrogen, and another nanolayer comprises aluminum, chromium, titanium and
nitrogen. The contents of the aluminum, chromium, titanium and nitrogen in
the one upper transition nanolayer can be, and typically are at least for
one of the elements, different from the contents of the aluminum, chromium,
titanium and nitrogen in the other upper transition nanolayer. In some
instances, the chromium content in the one upper transition nanolayer
is-almost or equals zero. In such instances, the one upper transition
nanolayer has a composition of (TiyAli.y)N wherein 0.2 < y < 0.65, and the
other upper transition nanolayer has a composition of (TipA.I9Cri -(p+q))N
wherein 0.2 Sp 50.5 and 0.01 < q < 0.65 and (p q) < I (and more preferably
0.3 Sp 50.5 and 0.2 < q < 0.65 and (p + q) < 1). In those instances in
which chromium is present in both upper transition nanolayers, the one
upper transition nanolayer comprises (TiyCr,41].(x+y))N wherein 0 <x < 0.15
and 0.25 y < 0.65, and other upper transition nanolayer comprises
(TipAlgCrL,(p+q))N wherein 0.2 S p < 0.65 and 0.01 Sq < 0.65 and (p + q) <
1. The thickness of the upper transition coating layer ranges between about
50 nanometers and about 200  nanometers. Further, for each set of
alternating nanolayers, the alternating nanolayers therein have a
periodicity ranging between about 2 nanometers and about 50 nanometers.
100361The underlayer 42 has an underlayer thermal conductivity. The base
layer 64 has a base layer thermal conductivity. The underlayer thermal
conductivity is less than the base layer thermal conductivity. The top
layer 46 has a top layer thermal conductivity wherein the top layer thermal
conductivity is less than the base layer thermal conductivity. [0037]In
regard to the composition of the wear-resistant coating scheme, any one or
more of the underlayer and the top layer and the mediate multi-periodicity
nanolayer coating scheme may, in addition to or in place of the already
mentioned metallic elements, each further comprise one or more of the
metals from Group IVb, Vb and VIb of the Periodic Table and silicon. More
specifically, any one or more of the underlayer and the top layer and the
mediate multi-periodicity nanolayer coating scheme may, in addition to or
in place of titanium, chromium, and aluminum, each further comprise one or
more of tungsten, vanadium, molybdenum, niobium, and silicon, [0038]There
should be an appreciation that carbon can be added to the nitrogen in the
above compositions for the underlayer, the top layer, and the mediate
multi-periodicity nanolayer coating scheme. In such a situation, the
underlayer has a composition of (AlaCri. ")C,Nt, wherein 0.25 a 50.7 (and
more preferably 0.5 < a < 0.69), and s  t = 1. The top layer has a
composition of (AlaCrl.a) CsNt wherein 0.2S a 50.7 (and more preferably
0.55 a < 0.69) and s + t = I. Referring to the set of alternating layer
arrangements (e.g., 50), the base layer has a composition of (TiyAl I -y)
CsNt and wherein 0.25 y < 0.65 (and more preferably 0.3 < y <0.6) and s + t
= 1. In the situation where the one nanolayer (e.g., nanolayer 82 in set
68) does not contain chromium and the other nanolayer (e.g., nanolayer 84
in set 68) contains chromium, the one nanolayer has a composition of (TiyAl
H) CsN, wherein 0.25 y <0.65 (and more preferably 0.3 < y < 0.6) and s t =
1, and the other nanolayer has a composition of (TipAlqCrC81V, wherein 0.2
< p < 0.5 and 0.01 Sq < 0.65 and (p q) <1 (and more preferably 0.3 Sp 50.5
and 0.2 < q < 0.65 and (p + q) < I) and s t -1. In another situation where
both nanolayers contain chromium, the one nanolayer oCthe set of
alternating nanolayers in the nanolayer region comprises (Ti)Cr,AI
(x+y))C,Nt wherein 0 <x < 0.15 and 0.25 y < 0.65 and s  t = 1, and the
other nanolayer of the set of alternating nanolayers in the rianolayer
region comprises (TipAlqCr[..(r..0)C,Nt wherein 



-12- 0.2 < p < 0.5 and 0.01 < q < 0.65 and (p + q) < I and s + t = I. In
the other situation, there should be an appreciation that the chromium may
be different between the two nanolayers. [0039]There should be an
appreciation that the wear-resistant coating scheme can include
non-metallic components other than carbon and/or nitrogen. In this regard,
the wear resistant coating scheme includes an underlayer containing
aluminum and chromium and X, and a top layer containing aluminum and
chromium and X. The underlayer is closest to the substrate and the top
layer is farthest from the substrate. The wear-resistant coating scheme
further includes a mediate multi-periodicity nanolaycr coating scheme that
is mediate of the underiayer and the top layer. 100401Further, in the
situation wherein the wear-resistant coating scheme can include
non-metallic components other than carbon and/or nitrogen, the mediate
multi-periodicity nanolayer coating scheme contains titanium, aluminum,
chromium and X. The mediate multi-periodicity nanolayer coating scheme
comprises a plurality of alternating layer arrangements wherein each one of
the alternating layer arrangements comprises a base layer comprising
titanium, aluminum and X and a nanolayer region comprising alternating
nanolayers wherein one nanolayer comprises titanium, aluminum, chromium and
X and another nanolayer comprises aluminum, chromium, titanium and X. In
this coating arrangement and for all of the coating layers, X can comprise
any one of the following nitrogen, carbon, boron, carbon and nitrogen,
boron and nitrogen, carbon and boron and nitrogen, nitrogen and oxygen,
carbon and oxygen, boron and oxygen, carbon and nitrogen and oxygen, boron
and nitrogen and oxygen, and carbon and boron and nitrogen and oxygen.
10041]Table 1 sets forth the typical dimensions of a coating schemc as such
sct forth in FIGS. 2 and 2A. Table 1 Typical Dimensions for Coating Scheme
of FIGS. 2 and 2A Dimension  Description Example (nanometers) Range
(nanometers A" I overall thickness of the coafirtascheme 



5120 1500-15,000   thickness of underlayer (42) 200 4160 4 20-500
1000-11,000 n* ,.. thickness of mediate multi-periodicity nanolayer coating
scheme (44)   D thickness of to. la er (46) 600 300-2000  



thickness of alternating layer arrangement (50) [combined thickness l of
nanolayer region (66) and base layer 529 200-1400  WO
2009/079184PCT/US2008/084838 -13 -  '(64)]   F thickness of nanolayer
region (66) 350 100-900 G thickness of base layer (64) ,170 100-500
thickness of one pair (68) of alternating nanolayers 



1 4" 2-50  thickness of one nanolayer (82) 1.3" 1-16  thickness of other
nanolayer (84) 2.7"" 1-34 X thickness of lower transition coatingJ 80 la er
43) 1 50-200  thickness of upper transition coating1 80 a er 45)i 50-200
* The overall thickness (A) of the coating scheme can be controlled by
controlling the thickness of the mediate multi-periodicity layer (C), which
can be controlled by changing the number of the repeated layers. 



** Measured by transmission electron microscopy (TEM) analysis. 1.0042JFIG.
3 is a photomicrograph (with a 10scale) taken via optical microscope  of a
specific embodiment of a coating scheme of the invention (Inventive
Specimen No. 1) that shows the corner cutting edge of a coated cutting
insert. The substrate comprises cemented (cobalt) tungsten carbide that has
a composition of about 10.5 weight percent cobalt, about 6.3 weight percent
tantalum, about 5.4 weight percent titanium, and about 3.1 weight percent
niobium with the balance being tungsten carbide grains. The substrate has
the following properties: a density (measured according to the procedure in
ASTM B311) equal to about 12.3 grams per cubic centimeter, a coercive force
(HO (measured according to ASTM B887) equal to about 180 oersteds, a grain
size (determined by reference to the comparative chart in ASTM B390) equal
to about 1-6 micrometers, and a hardness equal to about 91.5 Rockwell A.
FIG. 3 shows that the wear-resistant coating scheme comprises an underlayer
that is of a thickness equal to about 200 nanometers and has a composition
of aluminum and chromium and nitrogen. The wear-resistant coating scheme
also has a top layer that is of a thickness equal to about 600 nanometers
and has a composition of aluminum and chromium and nitrogen. 10043]Still
referring to FIG. 3, the wear-resistant coating scheme also has a mediate
multi-periodicity nanolayer coating scheme, which is mediate of the upper
transition layer and the lower transition layer. The mediate
multi-periodicity nanolayer coating scheme comprises a plurality of
alternating layer arrangements wherein each one of the alternating layer
arrangements comprises a base layer comprising titanium, aluminum and
nitrogen and a  -14 - nanolayer region comprising alternating nanolayers
wherein one nanolayer comprises aluminum, chromium, titanium and nitrogen
and another nanolayer comprises aluminum, chromium, titanium and nitrogen.
[0044]For each alternating layer arrangement of which there are eight, the
base layer has a thickness of about 170 nanometers and the nanolayer region
has a thickness equal to about 350 nanometers. The total thickness of the
wear-resistant coating scheme is equal to about 5120 nanometers (i.e.,
200nm + 80nm + 8x(170mn +350nm ) + 80nm + 600nm). In the nanolayer region,
the total thickness for each set of alternating nanolayers is equal to
about 4 nanometers so that the total thicknesses of the TiAlCrN Region
(Cr-poor) and AlCrTiN Region (Cr-rich) is equal to about 4 nanometers. The
ratio of thicknesses of the TiAlCrN Region (Cr-poor) and AlCrTiN Region
(Cr-rich), i.e., TiAlCrN Region (Crpoor):AlCrTiN Region (Cr-rich), is equal
to about 2:1. [0045]FIG. 4 is photomicrograph (with a 10 rim scale) taken
via transmission electron microscopy (TEM) in the nanolayer region of
Inventive Specimen No. 1. The chemistry of the nanolayer region of
Inventive Specimen No. 1 is set forth in Table 2, Table 2 Elemental
Metallic Composition of Nanolayer Region of Inventive Specimen No. 1 in
Atomic Ratio Region! Element TiAlCrN Regio (Atomic Ratio) (Cr-poor) AlCrTiN
Region (Cr-r ch) (Atomic Ratio) 



aluminum 0.483  0.519 titanium 0.494 0.354 chromium 0.023 0.127  100461FIG.
4A is a selected area diffraction pattern taken via TEM that shows the face
centered cubic (FCC) crystal structure of Inventive Specimen No. I of the
wear-resistant coating scheme. This is evident from the characteristic
relative diameters of the rings of the diffraction pattern. [0047)FIG. 5 is
an x-ray diffraction pattern of the wear-resistant coating scheme of
Inventive Specimen No. 1 that shows the presence of two face centered cubic
(FCC) crystal  WO 2009/079184PCT/US2008/084838 -15 - structures. The counts
are set forth along the vertical axis and the position (2 theta) is set out
along the horizontal axis. [0048]One preferred coating apparatus useful for
the application of the coating 



scheme is shown and described in European Patent No. 1 186 681, as well as
in U.S. Patent No. 7,025,863 to Seeli et at Each one of these patent
documents are hereby incorporated by reference herein. [00491In regard to
the application of specific embodiments of the wear-resistant  coating
scheme of the invention by the above-referred PVD system, the deposition of
the multilayer Ti-A1-(X)-N/Al-Cr-(X)-N-coatings were performed using an
industrial coating system (Type RCS, ENNOVA) of the company Oerlikon
Ralzers Coating. A description of this coating system is described in
European Patent No 1 186 681 in Fig. 3 through 6 with a written description
in Column 7, line 18 through Column 9, line 25, wherein the above European
patent is hereby incorporated by reference herein. The United States
equivalent to the above European patent is U.S. Patent No. 7,025,863 to
Seeli el al., and the corresponding text is at Column 6, line 22 through
Column 7, line 54 wherein the above United States patent is hereby
incorporated by reference herein. [0050]To produce these coatings cleaned
parts, especially carbide inserts, related to their diameter were mounted
either using double or triple rotation on a substrate carousel and four
melting metallurgical manufactured Ti-Al-targets and two powder
metallurgical manufactured Al-Cr-(X)-targets which were placed in six
cathodic are sources on the side walls of the coating chamber. The geometry
of the arrangement of the targets is mainly defined by the octagonal layout
of the RCS (Oerlikon Balzers) coating system in which two opposite to each
other arranged heating segments separate two groups of segments having
three consecutive arranged are cathodes. For the present experiments, an
Al-Cr-Target was mounted opposite in each middle position of one segment,
but in principal various target arrangements can be used for deposition of
this kind of coatings. At least two arc cathodes in a geometrically
equivalent position have to be used for depositing these coatings.
[0051]Subsequently, the parts, which should be coated, were heated up to
around 500C by using radiation heaters which are permanently mounted in the
coating system. After the heating step the surface of the parts was cleaned
by Argon etching using a DC bias voltage of -100 to -250V in an Argon
atmosphere at a pressure of 0.2 Pa.  -16- 1.00521Following two
Al-Cr-sources, using a power of 3 kW and a substrate bias  voltage of-40V
during a time of around 18 minutes, were used to form an Al-Cr-N underlayer
with a thickness of around 0.2dm. Then, two Al-Cr targets and four Ti-Al
targets were used to deposit the lower Ti-Al-Cr-N transition layer for two
minutes. Afterwards an alternating layer arrangement coating was deposited
where at first four Ti-Al-sources at a power of approximately 5 kW were
used for a time of around 5 minutes and at second the two Al-Cr-sources
were switched on additionally to the four running Ti-Al-sources that a
TiAl-Cr-N layer was formed. All six sources together ran for approximately
7 minutes. For the existing embodiment this layer package was repeated
several times to get a given coating thickness of the completed mediate
multi-periodicity nanolayer. Then, two Al-Cr targets and four Ti-Al targets
were used to deposit the upper Ti-Al-Cr-N transition layer for two minutes.
At the end, again, an Al-Cr-N toplayer, using the same parameters as for
the underlayer and a coating time of around 60 minutes, with a thickness of
0.6 um was deposited. All coatings were deposited in nitrogen atmosphere at
a pressure of approximately 3 Pa and a bias voltage of around -40V. In
general, the working pressure for each single layer can be in the rat-me of
0.5 to 8 Pa, but preferred between 0.8 and 5 Pa. For the deposition of
nitrides a pure nitrogen atmosphere or a mixture of nitrogen and a noble
gas, like argon, can be employed, whereas, a mixture of nitrogen and a
carbon containing gas can be used for the deposition of carbonitrides.
Furthermore for the production of oxygen or boron containing films, oxygen
or boron containing gases can be mixed into the coating process. 10053)The
following examples demonstrate the utility and performance of the coated
cutting insert, as well as the wear-resistant coating scheme, of the
invention. [0054]Test 1 comprises a test of six coated cutting inserts
labeled Experiments 1  through 6. Experiments I through 5 represent the
actual state-of-the-art coated cutting inserts in the commercial market.
Experiment 6 is the inventive coated cutting insert. Test 1 compares the
performance of high speed face milling in alloy steels using a cemented
carbide insert of the following geometry: SDPT1204PDSRGB2. The workpiece
material is alloy steel 4140 (DIN 1.7225, 42CrMo4). The cutting parameters
are set forth below: cutting speed vs = 300 m/min; Feed rate fin 0.2
mm/tooth; Depth of cut as = 4 mm; Width of cut as    mm; Pass length1= 610
mm; Coolant: dry; and wear criterion: vb,"," = 0.3mm. The test results are
set forth in Table 3 below.  



WO 2009/079184PCIYUS2008/084838 -17 - Table 3 Test Results in high speed
face milling in alloy steels for Test 1 Experiment No./ Coating Description
? I Coating     Ithickness liftim] Number of passes* I TiN + TiCN + TiN
(PVD TiCN based) 3.5 4 2 TiN + AlTiN + TiN (PVD AlTiN based) j 4.0 1 3 TiN
+ TiCN + CVD-kappa-Al203 ' 6.5 3.5 4 TiN + TiCN + CVD-alpha-Al203 . 6.1 5 



5 TiN + TiCN + Al203 + TiN (CVD) t 9.9 4.5 6 AlCrN +TiAIN/A1CrN-multilayer
+ AlCrN I 5.0 9.5 at a wear c erion of vE,,,"," = 0.3 mm.  Test 1 shows a
comparison of the lifetime of coated cemented carbide inserts in a high
speed cutting application. These results show that the inventive coated
cutting insert (i.e., Experiment 6) exhibits an increase in lifetime by a
factor greater than two compared to Experiment 1 the commercial tool
benchmark. 10055]Test 2 comprises a test of five coated cutting inserts
(Experiments 7 through  11) wherein Experiment No. 7 is an inventive coated
cutting insert. Experiments 8-11 represent coated cutting inserts that have
other coating schemes thereon. Target composition, coating, thickness,
adhesion arid microhardness of experiments 7 through 11 are presented in
Table 4. Process parameters such as target power, substrate bias voltage,
working pressure and deposition temperature are shown in Table 5. Test 2
comprises the high speed face milling in alloy steel using cemented carbide
inserts of the following geometry: SDPT1204PDSRGB2. The workpiece material
is an alloy steel 4140 (DIN 1.7225, 42CrMo4). The cutting parameters are as
follows: cutting speed v0 = 300 m/min; Feed rate fi= 0.2 mrnito.oth; Depth
of cut ar, = 4 mm; Width of cut a, = 61 ram; Pass length lu 610 mm;
Coolant: dry; and Wear criterion: Vb,Inax = 0.3mm, The test results for
Test 2 are set forth in Table 6 below.  WO 2009/079184PCT/1JS2008/084838
-18 - Table 4 Target Compositions and Resultant Coating Properties
Experiment No. target composition , 



,coating thickness 1 [um]1 Adhesion* micro- hardness [HVO.03]  Itarget 1
target 2      I Al at% Cr at% 



Ti at% Al at% X at%     70 30 50 50 - 5 HF I 2609 8 70 30 50j 50 



4.9 HP 2690  70 30 45 45 Si =10 4.8 HP 2635 10 70 30 20J 65 Cr -15 5.1J 



HF1,2846 11 70 30 42.51 42.5 C15 4.9 H F1 Ii2466 * as measured per the
Union of German Engineers' Guidelines VDI3198 and VDI3824-4 Table 5
Experimental Process Parameters Experiment No, PTarget1 [kW] 1 PTarget2
[kW] USubstrate [V] 



pN2 [Pa] Temp. [C] 7 3 5 -40 3 500 8 3 I5 -40 3 500 9 3 5 -40 



3 500 10 3 3 -40 3 500 11 3 5 -40 3 1500  Table 6 Test Results in high
speed face milling in alloy steels for Test 2 1- Experiment No./ Coating
Description iCoating thickness 



tmJ -Number of passes*** 7AlCrN +TiAIN/A1CrN-mulcilayer 1 AlCrN *    8AlCrN
;- TiAIN/A1CrN-multilayer  AlCrN** 5  5 9AlCrN  TiAlSiN/AICrN-multilayer
-fr AlCrN' 5 5  7 8 10 AlCrN + AlTiCrN/AlCrN-multilayer  AlCrN    



11 AlCrN + TiAlCrN/AICrN-multilayer + AlCrN! ._. 5  5.5 Coating in
experiment 7 is the same as experiment 6. ** In experiment 8, four AlCr
targets and two TiAl targets are used, while in experiment 7 two AlCr
targets and four TiAl targets are used. *** At a wear criterion of vb"," =
0.3 mm.  -19 - It is apparent that in Experiments 7 to 11 various target
materials were used to deposit different kinds of multilayer coatings.
Already improvements in comparison to the benchmark coatings (see
Experiment 1 in Example 1) could be observed, but the coating, which is
described in the invention (Experiment 7), showed the most promising
performance. [00561Test 3 comprises a test of two coated cutting inserts
(i.e., Experiments 12 and 13) in the face milling in carbon steel. The
coated cutting inserts were cemented carbide inserts that had the following
geometry: SDMT1205PDR-HQ-114. The workpiece material was carbon steel 1045
(DIN 1.1191, Ck45). The cutting parameters were as follows: cutting speed
vp = 350 m/min; Feed rate ft= 0.2 min/tooth; Depth of cut ap = 4 mm;
Coolant: dry; and wear criterion: vb= 0.3mm. Table 7 presents the test
results. Table 7 Test Results in face milling in carbon steel for Test 3
Experiment No./ Coating Description Lifetime [min] 1NotchCornerI ' wear
[mm] j Wear [mill] 



12 AlCrN TiAIN/A1CrN-multilayer .1 AlCrN * E 21.6 0.2910.14i i 13 TiN +
TiAll\in 8.210.31 10.141 I * coating in experiment 12 is the same as in
experiment 6 and 7.  ** state-of-the-art coating available on this tool in
the market   In Test 3, a coated cutting insert of the invention
(Experiment 12) was tested against the state-of-the-art coated cutting
insert (Experiment 13). A significant 2.6 times increase in lifetime could
be observed in this cutting test. The maximum wear was found as a notch
wear on the tool flank. 100571Test 4 comprises a test of three coated
cutting inserts (Experiments 14-16) in the face milling in alloy steel
using a cemented carbide insert of the following geometry:
SDMT1205PDR-HQ-M. The workpiece material is an alloy steel 4140 (DIN
1.7225, 42CrMo4). The cutting parameters are as follows: cutting speed vc =
180 an/min; Feed rate ft= 0.2 mm/tooth; Depth of cut ar, = 4 mm; Coolant:
dry; and wear criterion: vb,, = 0.3mm. Table 8 presents the results of Test
4  



WO 2009/079184PCT/US2008/084838 -20 - Table 8 Test Results in face milling
in alloy steel of Test 4 Experiment No./ Coating Description Lifetime min
11.9 Notch I  wear [mm] 0.286 Corner Wear mm] , 0.3i 14AlCrN
+TiAIN/AICrN-multilayer + AlCrN*    15TiN -F TiAIN** 6.2 0.314 



0.3I 16 TiN 1- TiAIN" 6.30.266 0.3     The result of Test 4 show again a
comparison of the coated cutting insert invention (i.e., Experiment 14)
against the standard available coating on this kind of inserts in the
market (Experiments 15 and 16). This test was done at moderate cutting
speeds. A performance increase of eighty-nine percent (89%) as compared to
Experiment 16 could be detected. In this test the maximum wear could be
observed on the corner of the cutting tool. [0058]Test 5 comprises a test
of four coated cutting inserts in medium high speed drilling in Gray Cast
Iron using KSEM style modular cemented carbide drilling inserts. The
workpiece material was Class 40 Gray Cast Iron (-250 BHN). The cutting
parameters were as follows: cutting speed v, = 198 m/min; Feed rate fz=
0.35 mm/tooth; Drill diameter=12.5 mm; Hole depth = 62 mm; Coolant: Castrol
Syntilo synthetic emulsion, with the mode of delivery through tool cooling
with pressure 15 bar. The wear criterion was vb."," = 0.38 mm. The results
are set forth in Table 9 below. Table 9 Test Results in medium high speed
drilling for Test 5 Experiment No./Coating Description ' Cutting length [m]
Corner Wear [mm] 17 AlCrN +TiAIN/AlerN-multilayer + AlCrN 173.9 0.5 18TiN +
TiAIN 145.4 0.74 



19 AlTiN 145.4 0.75 20 TiN / TiAIN nanolayer ; 34.1 0.73  The results of
Test 5 show again a comparison of the inventive coated cutting insert
(Experiment 17) against the standard available coating on this kind of
modular inserts for drilling in the market (Experiments 18-20). This test
was done at medium high cutting speeds. A performance increase of close to
sixty-three percent (63%) could be detected. In this test, the maximum wear
could be observed on the corner of the cutting tool.  -21 - 100591It is
apparent that the wear-resistant coating scheme of the present invention
exhibits advantages over earlier coating schemes. In particular, the
wear-resistant coating scheme of the present invention exhibits a lower
thermal conductivity by using selected coating sequences and coating
compositions. Such parameters affect the thermal conductivity of the whole
coating, and thus, influence the extent of heat transfer from the cutting
insert-chip interface (or contact zone chip-coating surface) to the
substrate and coating-substrate interface. Reduction in heat transfer to
the substrate and the coating-substrate interface results in a reduction
(or minimization) or delay of thermal crack formation within the substrate.
The delay or reduction of thermal cracking in the substrate typically
increases the useful life of the cutting insert. [0060]More specifically,
it is apparent that use of the aluminum chromium nitride top coating layer
helps to impede the transfer of a significant amount of heat from the
cutting insert-chip interface to the substrate and coating-substrate
interface. One result is that much of the heat remains in the chip. Another
result is that heat that transfers into the top coating layer will spread
in all directions within the titanium aluminum nitride coating layer
because the heat transport occurs in all directions (e.g., in a direction
perpendicular, as well as parallel to the surface). This decreases the
concentration of heat generated at the top coating-chip contact area near
the cutting edge, dissipating the heat over a larger surface area and
decreasing the temperature from the top coating down to the
substrate-coating interface. The combination of the coating layers in the
multilayer-nanolayer coating sequence within the base layer is that heat
transfer is alternatively blocked or spread away from the substrate.
Finally, the presence of another aluminum chromium nitride coating layer
between the substrate arid the base layer helps to protect the substrate
and the coating-substrate interface against the heat transfer. 100611The
principal emphasis of the above description of the specific embodiments is
on coated cutting inserts use in a chipforming material removal operation.
However, there should be an understanding that coated cutting inserts are
but onc specific embodiment of inventive coated articles. There is the
contemplation that the coated articles encompass other coated articles such
as, for example, wear components.  -22 - art from a consideration of the
specification or a practice of the invention disclosed herein. It is
intended that the specification and examples are illustrative only and are
not intended to be limiting on the scope of the invention. The true scope
and spirit of the invention is indicated by the following claims.  



WO 2009/079184PCT/US20081084838 -23 - WHAT IS CLAIMED IS:               1.
A coated cutting insert for use in a chipforming material removal
operation, the cutting insert comprising:             a substrate and a
wear-resistant coating scheme wherein the wear-resistant coating scheme
comprising:             a mediate multi-periodicity nanoiayer coating
scheme containing titanium, aluminum, chromium and nitrogen; and
the mediate multi-periodicity nanolayer coaling scheme comprising a
plurality of sets of alternating layer arrangements wherein each one of the
alternating layer arrangements comprises a base layer comprising titanium,
aluminum and nitrogen and a nanolayer region comprising a plurality of sets
of alternating nanolayers wherein each set of alternating nanolayers
comprises one nanolayer comprising aluminum, chromium, titanium and
nitrogen and another nanolayer comprising aluminum, chromium, titanium and
nitrogen, and the base layer having a base layer thickness and the
nanotayer region having a nanolayer region thickness wherein the base layer
thickness is smaller than the nanolayer region thickness.              2.
The coated cutting insert according to claim I wherein the base layer
comprising (TiyAl I_y)N wherein 0.2 < y < 0.65; and the one nanolayer of
the set of alternating nanolayers in the nanolayer region comprising
(TiyCr"All.(x+y))N wherein 0< x < 0.15 and 0.2   y < 0.65, and other
nanolayer of the set of alternating nanolayers in the nanolayer region
comprising (TipAlc1Cri_(pi ON wherein 0.2 p 0.65 and 0.01 < q < 0.65 and (p
q) < 1.              3. The coated cutting insert according to claim I
wherein the wear-resistant coating scheme further including: an underlayer
containing aluminum, chromium and nitrogen;             a top layer
containing aluminum, chromium and nitrogen, and wherein the underlayer
being closer to the substrate than the top layer;  -             a lower
transition coating region comprising a plurality of sets of alternating
lower transition nanolayers wherein each set of alternating tower
transition nanolayers comprises one lower transition nanolayer comprising
aluminum, chromium, titanium and nitrogen and another lower transition
nanolayer comprising aluminum, chromium, titanium and nitrogen, and the
lower transition coating region providing a transition between the mediate
multi-periodicity nanolayer coating scheme and the underlayer;
an upper transition coating region comprising a plurality of sets of
alternating upper transition nanolayers wherein each set of alternating
nanolayers comprises one upper transition nanolayer comprising aluminum,
chromium, titanium and nitrogen and another upper transition nanolayer
comprising aluminum, chromium, titanium and nitrogen, and the upper
transition coating region providing a transition between the mediate
multi-periodicity nanolayer coating scheme and the top layer; and
the mediate multi-periodicity nanolaycr coating scheme being mediate of the
lower transition coating region and the upper transition coating region.
4. The coated cutting insert according to claim 3 wherein the tower
transition coating region having a lower transition thickness, the upper
transition coating region having an upper transition thickness, and wherein
the lower transition thickness being less than the nanolayer region
thickness, and the upper transition thickness being less than the nanolayer
region thickness.              5. The coated cutting insert according to
claim 3 wherein the underlayer being of an underlayer thickness ranging
between about 20 nanometers and about 500 nanometers, and the top layer
being of a top layer thickness ranging between about 300 nanometers and
about 2000 nanometers; each set of the alternating layer arrangements being
of a thickness ranging between about 200 nanometers and about 1400
nanometers; and the sets of alternating nanotayers having a periodicity
ranging between about 2 nanometers and about 50 nanometers.  



-25 -  6. The coated cutting insert according to claim 3 wherein: the
underlayer comprising (AlaCri.a)N, and wherein 0.2 < a < 0.7; the top layer
comprising (AlaCri,a)N, and wherein 0.2 < a < 0.7;             the one
upper transition nanolayer comprising (liyCr,A114x Hy))N wherein 0 <x <
0.15 and 0.2 <y < 0.65, and other upper transition nanolayer comprising
(TipAltiCri-(p-FON wherein 0.2 < p 0.5 and 0.01 5_ q 5_ 0.65 and (p + q) <
1; and             the one lower transition nanolayer comprising
(TiyCrxA11-(x+))N wherein 0 <x <0.15 and 0.2 y < 0.65, and other lower
transition nanolayer comprising (TipAlICri-(p+q))N wherein 0.2 < p < 0.5
and 0.01 < q < 0.65 and (p + < 1.              7. The coated cutting insert
according to claim 3 wherein the underlayer having an underlayer thermal
conductivity and the base layer having a base layer thermal conductivity,
and the underlayer thermal conductivity being less than the base layer
thermal conductivity; and the top layer having a top layer thermal
conductivity, and the top layer thermal conductivity being less than the
base layer thermal conductivity.              8. The coated cutting insert
according to claim 3 wherein the underlayer, the top layer, the upper
transition coating region, the lower transition coating region, and the
mediate multi-periodicity nanolayer coating scheme each further comprising
one or more of the metals from Group IV1D, Vb and Vlb of the Periodic Table
and aluminum and silicon.              9. The coated cutting insert
according to claim 3 wherein the underlayer, the top layer, the upper
transition coating region, the lower transition coating region, and the
mediate multi-periodicity nanolayer coating scheme each being applied by
physical vapor deposition.              10. The coated cutting insert
according to claim 1 wherein the mediate multi-periodicity nanolayer
coating scheme further comprising carbon, and the base layer comprising
(TiyAll.y) CsNi and wherein 0.2 < y 0.65 and s t= 1, the one nanolayer of
the  -76 - set of alternating nanolayers in the nanola.yer region
comprising (TiyCrxAli_(,,y0C,N( wherein 0 <x 5 0.15 and 0.2 < y < 0.65 and
s + t = 1, and the other nanoiayer of the set of alternating nanolayers in
the nanolayer region comprising (TipAlgCri.(1,+q0C,N, wherein 0.2 < p 5_
0.5 and 0.01 < q 5 0.65 and (p + q) <1 and s + t= I.              11. The
coated cutting insert according to claiM 1 wherein the wear-resistant
coating scheme further including:             an underlayer comprising
aluminum, chromium, nitrogen and carbon according to the foimula
(AlaCri.a)C,Nt, and wherein 0.2 < a < 0.7, and s  t = I;             a top
layer comprising aluminum, chromium, nitrogen and carbon according to the
formula (AlaCri.a) CsNit and wherein 0.2 < a < 0.7, and s  t = 1; the
underlayer being closer to the substrate than the top layer;             a
lower transition coating region comprising a plurality of sets of
alternating lower transition nanolayers wherein each set of alternating
lower transition nanolayers comprises one lower transition nanolayer
comprising aluminum, chromium, titanium, nitrogen and carbon and another
lower transition nanolayer comprising aluminum, chromium, titanium,
nitrogen and carbon, and the lower transition coating region providing a
transition between the mediate multi-periodicity nanolayer coating scheme
and the underlayer;             an upper transition coating region
comprising a plurality of sets of alternating upper transition nanolayers
wherein each set of alternating nanolayers comprises one upper transition
nanolayer comprising aluminum, chromium, titanium, nitrogen and carbon and
another upper transition nanolayer comprising aluminum, chromium, titanium,
nitrogen and carbon, and the upper transition coating region providing a
transition between the mediate multi-periodicity nanolayer coating scheme
and the top layer; and             the mediate multi-periodicity nanolayer
coating scheme being mediate of the lower transition coating region and the
upper transition coating region.  27 



12. The coated cutting insert according to claim 1 wherein the cutting
insert having rake surfaces and flank surfaces, the rake surfaces
intersecting the flank surfaces to form cutting edges at the intersection
thereof              13. The coated cutting insert according to claim 1
wherein the substrate comprising one of the following: high speed steel,
cemented carbides including cobalt-tungsten carbide, ceramics including
SiAlON and alumina and silicon nitride, cermets including titanium carbide,
and superhard materials including sintered cubic boron nitride and sintered
diamond.              14. A coated cutting insert for use in a chipforming
material removal operation, the cutting insert comprising:              a
substrate and a wear-resistant coating scheme wherein the wear-resistant
coating scheme comprising:              a mediate multi-periodicity
nanolayer coating scheme containing titanium, aluminum, chromium and X;
wherein X comprises any one of a group consisting of nitrogen, carbon,
boron, carbon and nitrogen, boron and nitrogen, carbon and boron and
nitrogen. nitrogen and oxygen, carbon and oxygen, boron and oxygen, carbon
and nitrogen and oxygen, boron and nitrogen and oxygen, and carbon and
boron and nitrogen and oxygen;              the mediate multi-periodicity
nanolayer coating scheme comprising a plurality of sets of alternating
layer arrangements wherein each one of the alternating layer arrangements
comprises a base layer comprising titanium, aluminum and X and a nanolayer
region comprising a plurality of sets of alternating nanolayers wherein
each set of alternating nanolayers comprises one nanolayer comprising
aluminum, chromium, titanium and X and another nanolayer comprising
aluminum, chromium, titanium and X; and              the base layer having
a base layer thickness and the nanolayer region having a nanolayer region
thickness wherein the base layer thickness is smaller than the nanolayer
region thickness.  28               15. The coated cutting insert according
to claim 14 wherein the wear-resistant coating scheme further including: an
underlayer containing aluminum, chromium and X;              a top layer
containing aluminum, chromium and X, and wherein the underlayer being
closer to the substrate than the top layer;              a lower transition
coating region comprising a plurality of sets of alternating lower
transition nanolayers wherein each set of alternating lower transition
nanolayers comprises one lower transition nanolayer comprising aluminum,
chromium, titanium and X and another lower transition nanolayer comprising
aluminum, chromium, titanium and X, and the lower transition coating region
providing a transition between the mediate multi-periodicity nanolayer
coating scheme and the underlayer;              an upper transition coating
region comprising a plurality of sets of alternating upper transition
nanolayers wherein each set of alternating upper transition nanolayers
comprises one upper transition nanolayer comprising aluminum, chromium,
titanium and X and another upper transition nanolayer comprising aluminum,
chromium, titanium and X, and the upper transition coating region providing
a transition between the mediate multi-periodicity nanolayer coating scheme
and the top layer; and              the mediate multi-periodicity nanolayer
coating scheme being mediate of the lower transition coating region and the
upper transition coating region.               16. A method of applying a
coating scheme comprising the steps of: applying a mediate
multi-periodicity nanolayer coating scheme containing titanium, aluminum,
chromium and X, wherein X comprises any one of a group consisting of
nitrogen, carbon, boron, carbon and nitrogen, boron and nitrogen,  28a
carbon and boron and nitrogen, nitrogen and oxygen, carbon and oxygen,
boron and oxygen, carbon and nitrogen and oxygen, boron and nitrogen and
oxygen, and carbon and boron and nitrogen and oxygen,             and the
step of applying the mediate multi-periodicity nanolayer coating scheme
comprising the steps of: 



29 applying a plurality of sets of alternating layer arrangements wherein
application of each alternating layer arrangement comprising the steps of:
applying a base layer comprising titanium, aluminum and X; and applying a
nanolayer region comprising the steps of: applying a plurality of sets of
alternating nanolayers comprising the steps of: applying one nanolayer
comprising titanium, aluminum chromium, and X, and applying another
nanolayer comprising aluminum, chromium, titanium and X.              17.
The method of applying a coating scheme according to claim 16 further
comprising the steps of: providing a cutting insert substrate;
prior to applying the mediate multi-periodicity nanolayer coating scheme,
applying, so as to be closest to the substrate, an underlayer containing
aluminum, chromium and X;              the step of applying a mediate
multi-periodicity nanolayer coating scheme further including applying the
mediate multi-periodicity nanolayer coating scheme to the underlayer; and
applying a top layer to the mediate multi-periodicity nanolayer coating
scheme wherein the Lop layer containing aluminum, chromium and X.
18. The method of applying a coating scheme according of claim 17 further
including the steps of:              after applying the underlayer and
prior to applying the mediate multi-periodicity nanolayer coating scheme,
applying a lower transition layer comprising a plurality of sets of
alternating lower transition nanolayers comprising the steps of:  30
applying a plurality of sets of alternating lower transition nanolayers
comprising the steps of:                         applying one lower
transition nanolayer comprising titanium, aluminum chromium, and X. and
applying another lower transition nanolayer comprising aluminum chromium,
titanium and X;              after applying the mediate multi-periodicity
nanolayer coating scheme, applying an upper transition layer comprising a
plurality of sets of alternating upper transition nanolayers comprising the
steps of: 



applying a plurality of sets of alternating upper transition nanolayers
comprising the steps of:                          applying one upper
transition nanolayer comprising titanit aluminum chromium, and X, and
applying another upper transition nanolayer comprising aluminum, chromium,
titanium and X.           19.The method of applying a coating scheme
according to claim 16 wherein X comprises any one of the following:
nitrogen, carbon, boron, carbon and nitrogen, boron and nitrogen, carbon
and boron and nitrogen, nitrogen and oxygen, carbon and oxygen, boron and
oxygen, carbon and nitrogen and oxygen, boron and nitrogen and oxygen, and
carbon and boron and nitrogen and oxygen. 20.A coated article comprising:
a substrate and a wear-resistant coating scheme wherein the wear-resistant
coating scheme comprising:              a mediate multi-periodicity
nanolayer coating scheme containing titanium, aluminum, chromium and
nitrogen; and  31 arrangements comprises a base layer comprising titanium,
aluminum and nitrogen and a nanolayer region comprising a plurality of sets
of alternating nanolayers wherein each set of alternating nanolayers
comprises one nanolayer comprising aluminum, chromium, titanium and
nitrogen and another nanolayer comprising aluminum, chromium, titanium and
nitrogen, and the base layer having a base layer thickness and the
nanolayer region having a nanolayer region thickness wherein the base layer
thickness is smaller than the nanolayer region thickness.
21.The coated article according to claim 20 wherein the base layer
comprising (TiAll_y)N wherein 0.2 <y <0.65; and the one nanolayer of the
set of alternating nanolayers in the nanolayer region comprising (TiyCrxAl
1yN wherein 0 <x <0.15 and 0.2 <y < 0.65, and other nanolayer of the set of
alternating nanolayers in the nanolayer region comprising (TipAlqCri"))N
wherein 0.2 <p <0.65 and 0.01 <q <0.65 and (p + q) < 1.              22.The
coated article according to claim 20 wherein the substrate comprising one
of the following: high speed steel, cemented carbides including
cobalt-tungsten carbide, ceramics including SiAlON and alumina and silicon
nitride, cermets including titanium carbide-based materials, and superhard
materials including sintered cubic boron nitride and sintered diamond. 


