
;e3e@b-@_(()*4*,6,T-BJJ -1T1TLE OF THE INVENTION ,a polycrystal diamond
tool BACKGROUND OF THE INVENTION 13 June 2003  I Field of the Invention ,
This invention relates to a diamond sintered compact excellent in economy
'as Well as cutting edge strength. in particular. a diamond sintered
compact toot whose diamond sintered compact layer thickness LS 'decreased.
Z. Description of the prior .art :fit the present time, diamond sintered
compacts have been produced for applying to industrial uses such as cutting
tools, dies bits, etc , and used as a dresser, drill bit. wire drwaings
die, etc. for cutting or working nonferrous metals, plastics, ceramics,
etc. ,among these tools, in particular, a diamond sinterd compact tool used
for a cutting Loci is generally composed .. of a tool material comprising a
diamond sintered compact layer having a -hick ness of about 1 mm to 1.5 mm
and a WC-Co type cemented carbide substrate bonded therewith during a step
where diamond grains are sintered with each other. the tool material being
cut in a predetermined shape to give a cutting edge of a tool and then
brazed to a tool body. The above described diamond sinterd compact tool has
excellent properties for cutting of non-ferrous metals, etc and has already
widely been used. However, since the diamond sintered compact has a higher
tool unit cost be cause of its higher production or working cost as
compared with other tool materials. it is indispensable to lower the tool
unit cost in order to spread more widely the diamond sintered compact tool
As a trial :o 'over the pool unit cost, it is considered to decrease the
cost for raw materials or t:nishing a cutting edge by decreasing the
thickness of the diamond si;~terd compact layer However a diamond sintered
compact too; having a diamond Ia~~e~- thickness of 0 B mm to 1 5 mm has
ordinarily been used in spite of that in practical uses of the diamond
sintered compacts, these are often cases where a :^~~ckness of at most 0.5
mm is sufficient :his is probably sue to occurrence e: a problem that when
the diamond l aver : s thinner the st reng th ;; f the d ; amend sintered
compact is decreased in spite e' the :~aterial be~n~ a same d~amond
*cooooz*   5 13 June 2003 _2_ sintered compact and breakage resistance
during working is inferior SUMMARY OF THE INVENTION ' It is an object of
the present invention to provide a material for a high strength diamond
sintered compact tool. whereby the above described problems of the prior
art can be solved. It is another object of the present invention to provide
a diamond s~ntered compact tool having an excellent cutting edge strength
and hmh breakage resistance with a low production cost These objects can be
attained by a diamond sintered compact cutting tool comprising a diamond
sintered compact sintered at an ultra-hWh pressure and t high temperature
range such that diamond is present ;n stable manner and ~ l4C-Co type
cemented carbide substrate directly bonded to the diamond sintered compact
during a step of sintering and. brazed to a tool body through the WC-Co
type cemented carbide substrate, in which a.ratio of the thickness of the
WC-Co type cemented carbide substrate to the thickness of the diamond
sintered compact layer satisfies the relation of 0. 8 S WC-Co type cemented
carbide substrate/diamond sintered 



compact (Poly-Crystalline Diamond. PCD) layer s 3 0 and the diamond
sintered compact layer has a thickness of 0 05 mm to 0 45 mm. preferably 0
12 mm to 0 36 mm. BRIEF DESCRIPTION OF THE DRAWINGS t The accompanying
drawings are to illustrate the principle and merits of the present
invention in more detail Fig. 1 is a perspective view of a sample model of
a diamond sintered compact cutting tool by a simulation graphic to
illustrated a stress state thereof in the case of a diamond sintered
compact layer thickness of 0 8 mm and a WC-Co type cemented carbide
substrate to diamond sintered compact layer thickness ratio of 1 Fig ? is a
perspective view of a sample model of a diamond sintered com   13 June 2003
-3pact Cutting tool by a simulation graphic to illustrate a stress state
thereof in the case of a diamond sintered compact layer thickness of 0.5 mm
and a WC-Co type cemented carbide substrate to diamond sintered compact
layer thickness 'ratio of 2 , Fig. 3 is a perspective view of a sample
model of a diamond sintered compact cutting tool by a simulation graphic to
illustrate a stress state thereof in the case of a diamond sintered compact
layer thickness of 0 4 mm and a ~C-Co type cemented carbide substrate to
diamond sintered compact layer thickness ratio of 3 Fig. 4 is a perspective
view of a sample model of a diamond sintered compact cutting tool by a
simlation graphic to illustrate a stress state thereof in the case of a
diamond sintered compact layer thickness of 0.3 mm and ~ WC-Co type
cemented carbide substrate to diamond sintered compact layer thickness
ratio of 4 ' Fig. 5 is a perspective view of a sample model of a diamond
sintered compact cutting tool by a simulation graphic to illustrate a
stress state thereof 'gin the case of a diamond sintered compact layer
thickness of 0 2 mm and a WC-Co type cemented carbide substrate to diamond
sintered compact layer thickness ratio of 7 Fig. 6 (Ai and (Bl are enlarged
photographs showing presence or absence of chipping of diamond sintered
compact cutting tools according to the present invention and prior art
after a cutting working test, depending on the WC-Co type cemented carbide
substrate to diamond sintered compact layer thickness ratio, ;.a! being of
a sample of the present invention and ;B? being of that for comparison
DETAILED DESCRIPTION OF THE INVENTION The inventors have made various
efforts to obtain a low-priced and high fracture resistance diamond
sintered compact for the purpose of achieving the above described objects
and consequently have reached the present invention That is the present
invention can be accomplished by making clear an   13 June 2003 -4occasion
of lowering of the breakage resistance by decreasing the thickness of a
diamond sintered compact layer to smaller than the thickness 10 8 mm to l.5
mm) of the commonly used diamond sintered compact tool and comprises the
specified constructions of the present invention summarized below (l) A
diamond sintered compact cutting tool comprising a dm mood sintered compact
sintered at an ultra-h!gh pressure and high temperature and a WC-Co type
cemented carbide substrate directly bonded to the diamond sintered compact
during a step of sintering and brazed to a tool body through the WC-Co type
cemented carbide substrate, !n which a ratio of the thickness of the WC-Co
type cemented carbide substrate to the thickness the diamond sintered
compact 



layer satisfies the relation of 0 8 S WC-Co type cemented car'oide
substrate/d!amond sintered compact layer S 3 0 and the d!amond s!ntered
compact layer has a thickness of 0.06 mm to 0 45 mm, preferably 0 12 mm to
0 36 mm. (2) The diamond sintered compact cutting tool, as described !n the
above (1), wherein the diamond grains forming the said diamond sintered
compact have a grain size distribution of 0.5 a m to 30 a m, preferably 1 a
m to 10 a m (3) The diamond sintered compact cutting tool, as described in
the above (1) or (2), wherein thermal stress applied to the surface of the
cutting tool edge during or after brazing the diamond sintered compact to
the tool body through the WC-Co type cemented carbide substrate is a
compresstive stress ! (4) The diamond sintered compact cutting tool, as
described in any one of the above (1) to (3) , wherein the WC-Co type
cemented car b! de substrate has a thickness of 0 I to 0 9 mm (5) The
diamond sintered compact cutting tool, as described !n any one of the above
(1) to ;4), wherein the brazing !s carried out by the use of a silver
brazen g material preferably consisting of 30 to i0 weight % of Ag and the
balance of at least one of Cu, Zn and N1 (6) A diamond sintered compact
material comprising a diamcnd sintered   13 June 2003 -5compact sintered at
an ultra-h!gh pressure and high temperature and a WC-Co type cemented
carbide substrate directly bonded to the diamond sintered compact during a
step of sintering, !n which a ratio of the thickness of the WC-Co type
cemented carbide substrate to the thickness of the diamond sintered
compact' layer satisfies the relation of 0.8 S WC-Co type cemented carbide
substrate/diamond sintered compact layer S 3 0 and the diamond sintered
compact layer has a thickness of 0 05 mm to 0 4~ mm. preferably 0 1? mm to
0.36 mm PREFERRED EMBODIMENT OF THE INVENTION The fundamental principle of
the above described invention (1) to ;61 x!11 now be illustrated
hereinafter Generally, a diamond sintered compact and cemented carbide
substrate have respectively a coefficeint of thermal expansion of 4.0 x
10-6/K and ;5 ~6 61 x 10-S/K In a step of making a finished tool from a
diamond sintered compact material, the diamond sintered compact material !s
exposed to a high temperature, e,g. at least 600 C during discharge working
or brazing to a tool body material During the same time, an internal stress
occurs !n the diamond sintered compact layer due to difference in
coefficient of thermal expansion between the diamond sintered compact layer
and cemented carbide substrate and !t is considered that when this thermal
stress !s converted into a tensile stress at the cutting edge part, the
cutting edge strength !s lowered to deteriorate the breakage resistance
From the above described standpoint of view !t !s found as a result of our
various studies that when the thickness o` a diamond sintered compact layer
and cemented carbide substrate is changed. the stress applied to the
surface of the tool edge is changed from tensile stress to compressive
stress Thus, furthermore we the inventors have studied such a condition
that the stress applied to the surface of the tool edge ;s converted into
compressive stress. and conseuqently, have found that the compressive
stress appears when the thickness ratio satsfies the relationship of   13
June 2003 -6WC-Co type cemented carbide substrate/diamond sintered compact
layer S 3 0 The present invent;on ~s based on the thus obtained knowledge.
Therefore, as the th~ck~ess of a WC-Co type cemented carbide substrate is
thinner, the stress on a cutting edge surface area is a stronger
compressive stress and the breakage resistance of the cutting edge is more
increased 



If the WC-Co type cemented carbide substrate is excessively made thinner,
however, a large tensile stress acts at the interface betxeen the WC-Co
type cemented carbide substrate and diamond sintered compact layer to loxer
the interfacial strength Thus, the thickness ratio should suitably be 0.8 s
WC-Co type cemented carbide substrate/diamond sintered c compact layer s
3.0  Considering the balance of the stress on the cutting edge surface area
and that at the interfac;al part between the WC-Co type cemented carbide
sub strate and diamond sintered compact layer, it ~s confirmed more
preferable to adjust the th~ckcess ratio to the folloxing. 1 s WC-Co type
cemented carbide substrate/diamond sintered compact layer 5 2 As shown in
the accompanying drawings. gig 1 to Fig. ~ icomputer graph ics attached
herein), the thermal stress state acting on the surface of the diamond
sintered compact layer varies depending on the thickness ratio of the WC-Co
type cemented carbide substrate and diamond sintered compact layer. ' in
which a negative value indicates a compressive stress value and a pos~tm a
value indicates a tensile stress value It can readily be understood from
these graphics that xhen cemented carbide thickness/d~amond layer thickness
ratio `WC-Co~'CD Layer Ratio; - ~ or 7. the diamond sin`,ered compact ~s
sub;ect to tens;':e siress thrcugh ^eat~ng. when the ratio = 3, the stress
is substantially zero and when the ratio = 1 or 2. compressive stress acts
thereon Thus. ~t can be assumed that the strength of the diamond s;nterd
compact   13 June 2003 _7_ layer ~s lowered, that is. the tool performance
is deteriorated by the action of the tensile stress on the surface of the
diamond sintered compact layer Accordingly. ~t can be concluded from the
simulation results that such a shape or d~mens~on is required as a tool
shape that no or little tens~!e stress is reactd during brazing heating and
the relationship of WC-Co type cemented carbide substrate/diamond sintered
compact layer s_ 3 0 gives the most suitable structure The effectiveness of
the above described computer s~mu!ation can clearly be proved because of
being in good agreement with the tendency of t!~e tool performance when
subjected to real working as is evident from Examples, in particular,
Example 2  F~g. 6 (A) and (B) are photographs respectivgely of a sample of
the pre sent invention and that for comparison, that is. diamond sintered
compact cutting tools, taken from their rake faces, to show presence or
absence of chipping of the cutting edges after a cutting working test,
depending on the ~'C-Co type cemented carbide substrate to diamond sintered
compact layer thickness ratio. As can be seen from these photographs, in
the case of the sample having the WC-Co type cemented carbide substrate to
diamond sintered compact layer thickness ratio within the scope of the
present invention, there is scarcely found chipping. whilst in the case of
the comparative sample having the th;ckness ratio outside the scope of the
present ~nventior., a number of ch:pp~ngs are found at the cutting edge. On
the other hand. :lie thinner is the thickness of the diamond sintered
compact layer, the more advantageous from the standuo;nt of production cost
Since :t is difficult to stably produce a diamond sintered compact having a
thickness of less than 0 05 mm, however, a thickness of at least 0 05 mm is
required fa the present inven:~or., as the d;amond sintered compact and
~C-Co type cemented ca:-b~de substrate. there can be used commonly used,
weil-known diamond   13 June 2003 _g_ sintered compacts and WC-Co type
cemented carb!de substrates The WC-CO ce 



mented carbide used !~ the present invention Includes not only those
compr!s!ng 5 to 25 we!ght ''o Co and the balance of WC as a predom!nant
component. but also 'those further conta!ning some quant!ty of T!, Ta, etc
As a shape o~f the diamond s!ntered compact material, any type of ordinary
Inserts. cutt!ng tools, drills, reamers, etc. can be applied In the present
Invention, the thickness of the diamond sintered compact layer can be
rendered thinner without deter!orat!ng the breakage res!stance of the
cutting tool edge, because a stress state on the surface of the cutt!ng
tool edge ~s analyzed and a compress!ve stress state ~s obta!ned on the
surface of the cutting tool edge. as illustrated above That !s. the stress
state ( in the d!amond s!ntered compact can be well-balanced by adjust!ng
the thickness rat!o of the diamond s!ntered compact layer and WC-Co type
cemented carb!de substrate to ' 0 8 s WC-Co type cemented carbide
substrate/diamond sintered compac t 1 aver s 3. 0 whereby the breakage
resistance and the interfacial strength at the interface between the WC-Co
type cemented carbide substrate and diamond s!ntered compact layer can be
ma!ntained Accordingly, it is poss!ble to prov!de a d!amond sintered
compact tool having a sufficient breakage resistance with a low pr!ce
Horeover, the thickness of the diamond s!ntered compact layer !s so thin,
for example, as represented by 0.05 mm to 0 45 mm that dur!ng cutt!ng edge
fin!sh-mach!n!ng, an amount of scraped d!amond !s decreased to reduce the
mach!ning cost. In the present !nvent!on, furthermore. braz!ng can
generally be ca.:-r!ed out at a temperature of i00 to 800 C us!ng a s!Iver
brazing mater!al, for example, brazing material consist!ng of 30 to "0
weight :; of Ag and the balance of Cu, Zn, V~, etc A number of other silver
brazing materials are '.mown and can also be used in the present !nvent!on
The presen: invention will noW be Illustrated !n detail by the fo'iow   13
June 2003 ing Examples without limiting the same _g_ Example 1 A disk made
of a cemented carbide (WC-6 'o Cow;th a diameter of 29 ~ mm and a thickness
of 2 mm was arranged is a capsule made of Ta with an~;nner, diameter of 30
mm. On the cemented carbide disk -~~ere charged diamond gra;ns having a
grain diameter of 0.5 to 4 a m. wa;ch was then covered further with a Co
plate with a diameter of 29 5 mm and thickness of 0 05 mm and a disk rude
of cemented carbide with a diameter of 29 5 mm and a thickness of 3 mm and
lightly compressed at a pressure of about 100 !1Pa The d;amond ~ra;ns a~ere
charged in charged amounts as shown in Table 1 when this capsule was
processed at an ultra-high pressure and hig:1 temperature, for example, a
pressure of 5 ~ GPa and a temperature of 1450 a diamond s;ntered compact
a~ith a thickness shown in Table 1. sandx~;ched in between the cemented
carbide disks, was formed In order to obtain a struc tune suiiable for a
tool material, the cemented carbide on one side of the sintered compact was
completely removed by weans of a surface-grinding machine,and electric
discharge xor'.~c;ng device Consequently, there was obtained a material for
a diamond sintered compact tool having a total thickness of about 2 mm and
comprising a structure of a diamond sintered compact layer with a thickness
of 0.2 to 0.25 mm bonded to a cemented carbide substrate. 



Then, from the thus obtained diamond sintered comp2ct maierial was scraped
off the base part of the cemented carbide as shown in Table ; This diamond
sintered compact material xas cut in a predetermined shape and brazed to a
tool body to prepare a tool for a milling cutter ;d;amond sintered compact
brazed to one corner of cemented carbide. ;a the form of a regular tr;angle
with an ;^scr:bed circle of 9 525 mm, insert relief angle 11 (overall per;
pheryand th;ckness 3 18 mm. wad 2 cutting edge ;n R-same of radius cf 0 4
mmt t;s;ng the resu!t~ng cutting tool, as est;mat;ou test of the cutt:na
propert;es xas carried out under the follow ng cond;t~ons shown ;n Table ?,
thus   13 June 2003 - 10 obtaining results shown in Table 3, in which
brazing had been carried out using JIS Z3261 BAg-3 as a brazing material by
heating in a high frequency heat ~ng apparatus at about 750 C   13 June
2003 -11 Table Sample Charged Amount Thickness of Diamond Thickness of
Cemented ~./ i No ofDiamondSintered CompactCarbide Substrate(g)Layer ,i
(mm)(mm)11 00. 450. 40 8921.00.450.92 030. 8C. 360 30 8340. 80 360 ~1 3950.
60. 280 3 .1 0760 60 280 51 7970 40. 180 52. 7880 40 180 3-1 6790 40 180
21. I1100. 30. 140 42. 86' 110. 30. 140 21. 43120. 150. 0 70. 1l . 4
3Comparison130 60. 281 03. 57140 40. 180 63. 33 Table 2 i I Workpiece.
Round Rod of Al - 16 weight % Si alloy hav~no six grooves along axial
direction Cutting Rate Q00 m/min Cutting Depth 0 6 mm Feed Rate 0 12 mmirev
i I Cutting Time 3 minutes, wet process I   13 June 2003  Sample No.-12-
Table 3 Flank Wear Width (~.rm)1262323244285273O73i829926103211281231
Comparison 13 broken 14 broken It will clearly be understood from Table 3
that the tool using the diamond sintered compact material according to the
present invention exhibits an excellent cutting edge strength without
breakage of the cutting edge. 



13 June 2003 - 13Example 2 In an analogous manner to Example 1, various
materials each having a thickness of a diamond sintered compact and a
thickness of a cemented carbide substrate were prepared as shown in Table 4
This diamond sintered compact' material was cut in a predetermined shape
and brazed to a tool body made of a cemented carbide to prepare a tool for
a milling cutter l00 test pieces were prepared from these samples, after
which cutting edge working was carried out using a diamond wheel of grain
size = &00 and VC tool grinding disk to examine the yield rate depending on
the thickness of the diamond sin tered compact layer In Table ~ are shown
the number of working tests, the number of inferior goods and the contents
of inferior goods. from which it is i apparent that the diamond sintered
compacts according to the present invention exhibit the feature that less
breakages occur during cutting edge working and the productivity is more
excellent. In comparison of Sample Vo 16 according to the present invention
and Sample iVo 19 according to the prior art, as can clearly be seen from
Fig. 6 (A) and (B), a number of chippiegs are found in the case of Sample
Vo 19. but chippings are scarcely found in the case of Sample Vo 16
according to the present invention.   13 June 2003 - 14~ Table 4
SampleThicknessof DiamondThickness of Cemented? /
i.NoSinteredCompactCarbide SubstrateLayer a(mm)(mm)150450 92. 0160280. 31
07170180 31. 67180070 22. 86Comparison19070 71200451 84210281 035';- Table
~ Sample No. Number of Inferior Yield Rate (%) Goods Occurred 15 1 99 16 0
100 17 1 99 18 2 98 Comparison 19 98 20 . 44 21 33 note ~ not available 2
J6 .; 6. Contents of Inferior Goods Occurred out of size spec. VAS chipping
chipping 



out of size spec chipping Ch~ppWg Advantages of Present Invention The
diamond sintered compact material accord~n~ to the present invention has an
excellent strength when used as a tocl material for a cutting tool,
excavator, etc   13 June 2003 What is clamed ~s -15 1. A diamond sintered
compact cutting tool comprising a diamond sintered compact sintered at an
ultra-high pressure and high temperature and a WC-Ca 'type cemented carbide
substrate directly bonded to the diamond sintered compact during a step of
s~nter~ng and brazed to a tool body through the WC-Co type cemented carbide
substrate, ~n which a ratio of the thickness of the WC-Co type cemented
carbide substra~e to the thickness of ~he diamond sintered compact layer
satisfies the relation of. 0 8 S WC-Co type cemented carbide
substrate/d~amond sintered compact layer ~ 3 0 and the diamond sintered
compact layer has a thickness of 0.05 mm to 0.45 mm 2. The diamond sintered
compact cutting tool, as claimed in Claim 1, wherein the thickness of the
said diamond sintered compact layer is ~n a range of 0. 12 mm to 0. 36 mm
3. The diamond sintered compact cutting tool, where in the diamond grains
forming the said diamond a grain size distribution of of 0.5 um to 30 um 4.
The diamond sintered compact cutting tool, wherein the grain size
distribution of the diamond t o 10 a m, 5. The diamond sintered compact
cutting tool, as claimed ~n Claim 1 or 2, sintered compact have as claimed
~n Claim 3, grains is in a range of 1 a m as claimed in any one of Claims 1
to 4, wherein thermal stress loaded on the surface of the cutting tool t
edge during or after brazing the diamond sintered compact to the tool body
through the WC-Co type cemented carbide substrate is a compressive stress 6
The diamond sintered compact cutting tool, as claimed ~n any one of Claims
1 to ~, wherein the WC-Co type cemented carbide substrate has a thickness
of 0, i to 0 9 mm. i The diamond sintered compact cutting tocl. as cla med
~n any one of Cia~ms 1 to 6. wherein the braz;ng is carried out by the use
of a silver braz ~ng material   13 June 2003 - 16 8. The diamond sintered
compact cutting tool, as claimed ~n Claim 7, wherein the silver brazing
material consists of 30 to 70 weight b of Ag and the balance of at (east
one of Cu, Zn and Vi ' 9 A diamond sintered compact material comprising a
diamond sintered compact sintered at an ultra-h~g;~ pressure and high
temperature and a ~'C-Co type cemented carbide substrate directly bonded to
the diamond sintered compact during a step of sintering, in which a ratio
of 'the thickness of the PiC-Co type cemented carbide substrate to the
thickness of the diamond sintered compact layer satisfies the relation of
0.8 s H'C-Co type cemented carbide substrate/diamond sintered Compact layer
S 3.0 



( and the diamond sintered compact layer has a thickness of 0 05 mm to 0.45
mm. 10 The diamond siniered compact material, as claimed in Claim 9.
wherein the thickness of the said diamond sintered compact layer (s in a
range of a. 12 mm to 0. 36 mm .AY.A.Anl
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