7070109 A1 I 0O 000 0 0

O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T O O 00 OO

International Bureau

(43) International Publication Date
4 June 2009 (04.06.2009)

(10) International Publication Number

WO 2009/070109 Al

(51) International Patent Classification:
C23C 30/00 (2006.01) C23C 14/06 (2006.01)
B23B 27/14 (2006.01) C23C 14/32 (2006.01)

(21) International Application Number:
PCT/SE2008/051356

(22) International Filing Date:
26 November 2008 (26.11.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

0702620-6 28 November 2007 (28.11.2007) SE
(71) Applicant (for all designated States except US): SAND-
VIK INTELLECTUAL PROPERTY AB [SE/SE],

S-811 81 Sandviken (SE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): WESTERGREN,
Kenneth [SE/SE]; Anders Lindebergs vdgen 21, S-129 35
Higersten (SE). LUNDBERG, Kenneth [SE/SE]; Algvi-
gen 31, S-747 40 Gimo (SE).

(74) Agent: HAGGLOF, Henrik; Sandvik Intellectual Prop-
erty AB, S-811 81 Sandviken (SE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(54) Title: COATED CEMENTED CARBIDE INSERTS FOR GEAR MILLING IN CAST LOW CARBON STEEL PARTS

(57) Abstract: The present invention relates to a cutting insert for milling of cast low carbon steel alloys comprising a cemented
carbide substrate and a coating. The cemented carbide has a composition of 9-11 wt% Co, 10-14 wt-% TaC, 2-5wt% NbC,3-6 wt%
=) TiC,and balance WC with anHc-value of 12.8-15.2 kA/m and a hardness of 1425-1575 HV3. The coating consists of an aperiodic
= (Ti,ADN multilayer consisting of a binary A/B/A/B/A/B structure with thin alternating sublayers A and B being repeated throughout
P the entire coating with a thickness of each A/B sequence of 30-300 nm, sublayer A consists of Al xTi 1-xN, where x is 0.40-0.7,
sublayer B consists of Ti yAl 1-yN, where y is 0.6-1,with an average composition of the coating of Ti zAl 1-zN with z= 0.40-0.7 and
an outermost Ti bAl 1-bN layer, b=0.8-0.9 of sufficient thickness to give a visible, homogenous bronze-coluored look thick whereby

the total thickness of coating is 2-6mm on the edgeline.
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Coated cemented carbide inserts for gear milling in cast low

carbon steel parts

The present invention relates to a PVD-coated cutting tool
insert particularly useful for roughing and finishing milling of
gears in cast low carbon steel alloys parts.

Milling of gears is generally performed with a package of
several disk shaped cutter bodies. Each cutter body is equipped
with a large number of left and right hand inserts tangentially
mounted. The shape of the inserts is designed according to the
shape of the gears to be machined. First the roughing operation is
performed and if nessesary a finishing operation is performed in
order to obtain desired surface guality.

It is an cbject of the present invention to provide a cutting
tool insert particularly useful for milling of gears in cast low
carbon steel alloys with increased tool life and better surface
quality of the workpiece.

It has now surprisingly been found that a high gamma phase
containing cemented carbide substrate combined with PVD-coating
results in increased tool life and better surface quality of the
workpiece in gear milling.

Fig.l shows a typical tangential insert used for gear
milling.

The substrate comprises cemented carbide with a composition
of 9-11 wt% Co, 10-14 wt-% TaC, 2-5 wt% NbC, 3-6 wt% TiC, and
balance WC with an Hc-value of 12.8-15.2 kA/m and a hardness of
1425-1575 HV3.

The insert is provided with an aperiodic (Ti,Al)N multilayer
consisting of a binary A/B/A/B/A/B structure with thin alternating
sublayers A and B being repeated throughout the entire coating.
One seguence of a sublayer A/B 1s here denoted a lamella. Due to
the aperiodic nature of the coating, the thickness of each lamella
varies but in average the lamella thickness is 30-300 nm,
preferably 60-120 nm. Sublayer A consists of Al,Ti;_xN, where x is
0.40-0.7, preferably 0.5-0.67. Sublayer B consists of Ti,Al1_yN,
where y is 0.6-1, preferably 0.75-1. The average composition of
the coating as measured by e.g. WDS or EDS is Ti,Al;_,N with z=
0.40-0.7, preferably 0.45-0.6. The coating consists of an
outermost TipAl;_pxN layer, b=0.8-0.9, preferably 0.82-0.85, of

sufficient thickness to give a visible, homogenous bronze-coluored
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look, preferably 0.1-1 um thick. The total thickness of coating is
2-6 um on the edgeline.

The present invention also relates to a method of making a
coated cutting tool insert consisting of a cemented carbide sub-
strate and a coating.

A substrate as described above is made by conventional powder
metallurgical technique milling, pressing and sintering.

Onto this substrate is deposited a coating according to above
using cathodic arc evaporation using two or three pairs of arc
sources consisting of pure Ti and/or TiAl alloy(s), 1n an N; or
mixed N,+Ar gas atmosphere.

The invention also relates to the use of PVD-coated cutting
tool inserts according to above for roughing and finishing gear
milling with length between the tops of the teeth of 10-40 mm and
a height of 5-25 mm at a cutting speed of 150-500 m/min and a feed
of £z=0.10 to 0.85 mm per tooth and a depth of cut of 0.5 to 25 mm

in cast low carbon steel.

Example 1

A. Cemented carbide milling inserts, special type, see Fig.l,
and the composition 10 wt% Co, 12.1 wt-% TaC, 3.7 wt% NbC,4.3 wt%
TiC, and balance WC with a Hc-value of 14.1 kA/m and a hardness of
1500 HV3.

The multilayer was deposited from one pair of TigAli¢-target
and two pailrs of TissAlg;-targets with the inserts mounted on a
three-fold rotating substrate table arranged in order to obtain
the aperiodic structure. The arc evaporation was performed in an
Ny-atmosphere. The total coating thickness was 4 um on the edge
line. The coating consisted of a binary A/B/A/B/A/B aperiodic
multilayer, i.e. layers with a non-repetitive thickness, but with
an average A+B layer thickness of 60-120 nm. The insert was
finally coated with a final outer layer of Ti0.gA10.:4N to produce
a bronze colour.

B. The uncoated substrate of A.

C. The substrate of A was coated using a target material
consisting of TissAlgy; alloy by arc evaporation performed in an N2
gas atmosphere. The resulting total coating thickness was 2.5 um,
and consisted of a homogeneous Alg. ¢:Tig.33sN layer.

D. The substrate in A was provided with the following

coating:
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a first layer of 0.5 um TiCyNy with a composition of about
x=0.05 and y=0.95,

a second layer of 1.7 um columnar TiCyN, with a composition of
about x=0.55 and y=0.45 by using the well-known MTCVD-technique,

a third, bonding layer of 0.5 um TiCy 0, with needle shaped
grains and x=0.5, and z=0.5,

a fourth layer consisting of 2.5 Uum ®-Al»03 and

finally a top layer of about 0.3 pum TiN.

After the coating cycle the top side (rake face) of the in-
serts was subjected to intense wet blasting with a slurry consist-
ing of Al,03 grits and water removing the top TiN-layer on the

rake face exposing a smooth O-Al;03.

Example 2

Inserts from A, B, C and D were tested according to the
following:

Operation: Milling of gear teeth

Work-piece: Elevator segments with length=1.5 m and width

80 mm. Height of teeth 12 mm and 20 mm distance between the tops
of the teeth.
Material: Cast low carbon steel, hardness 220HB
Milling Cutter: Diameter 216 mm, with six cutterbodies
Total number of teeth: 8+8 right and left hand inserts in

six cutter bodies, total 96 inserts

Cutting speed: 163 m/min (rpm=240)

Feed rate: 250 mm/min (£z=0.13)

Depth of cut: Radial A.=3 mm axial 2,=10.5 mm

Insert-style: Tangential special inserts, eight edges per
insert

Note: Dry milling

Criteria for replacing inserts: work piece out of tolerance

Results:

Grade A: (invention) 166 segments

Grade B: (prior art) 122 segments

Grade C: (reference) 138 segments

Grade D: (reference) 109 segments
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Claims

1. Cutting insert for milling of cast iron and low carbon
steel alloys comprising a cemented carbide substrate and a coating
characterisedin that the cemented carbide has a
composition of 9-11 wt% Co, 10-14 wt-% TaC, 2-5 wt% NbC, 3-6 wt%
TiC, and balance WC with Hc-value of 12.8-15.2 kA/m and a hardness
of 1425-1575 HV3 and

in that said coating consists of an aperiodic (Ti,Al1)N
multilayer consisting of a binary A/B/A/B/A/B structure with thin
alternating sublayvers A and B being repeated throughout the entire
coating with a thickness of each A/B sequence of 30-300 nm,
sublayer A consists of Al,Tii_;N, where x is 0.40-0.7, sublayer B
consists of TiyAl,_ (N, where y is 0.6-1, with an average composition
of the coating of Ti,Al;;N with z= 0.40-0.7, and an outermost
TiAl1 N layer, b=0.8-0.9, of sufficient thickness to give a
visible, homogenous bronze-coluored loock, whereby the total
thickness of coating is 2-6 um on the edgeline.

2. Cutting insert according to claim 1,
characterisedin that the thickness of each A/B
sequence is 60-120 nm.

3. Cutting insert according to any one of claims 1-2,
characterisedin that for Al,Ti;.N, x=0.5-0.67, for
Ti,A1, N, y= 0.75-1, for Ti,A1,.N, z=0.45-0.6 and for TipAl; N,
b=0.82-0.85.

4. Cutting insert according to any one of claims 1-3,
characterisedin that the outermost TipAl: LN layer has
a thickness of 0.1-1 um.

5. Method of making a coated cutting tool insert consisting
of a cemented carbide substrate and a coating
characterisedin providing using conventional powder
metallurgical techniques milling, pressing and sintering a
cemented carbide with the composition 9-11 wt% Co, 10-14 wt-% TaC,
2-5 wt% Nb(C,3-6 wt% TiC, and balance WC with a Hc-value of 12.8-
15.2 kA/m and a hardness of 1425-1575 HV3 and

depositing onto this substrate a coating using cathodic arc
evaporation using two or three pairs of arc sources consisting of
pure Ti and/or TiAl alloy(s), in an N or mixed N,+Ar gas atmos-
phere consisting of an aperiodic (Ti,Al)N multilayer consisting of
a binary A/B/A/B/A/B structure with thin alternating sublayers A

and B being repeated throughout the entire coating with a
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thickness of each A/B seguence of 30-300 nm, sublayer A consists
of Al1,Ti,_xN, where x is 0.40-0.7, sublayer B consists of Ti,Al._ N,
where y is 0.6-1, with an average composition of the coating of
Ti,Al;-.N with z= 0.40-0.7, and an outermost TipAli_,N layer, b=0.8-
0.9, of sufficient thickness to give a visible, homogenous bronze-
coluored look, whereby the total thickness of coating is 2-6 um in
the edgeline.

6. Method according to claim 5, characterisedin
that the thickness of each A/B sequence is 60-120 nm.

7. Method according to any one of claims 5-6,
characteriseddin that for AlL,Tii_«N, x=0.5-0.67, for
Ti,A1, N, y= 0.75-1, for Ti,A1,..N, z=0.45-0.6 and for TipAl; N,
b=0.82-0.85.

8. Method according to any one of claims 5-7,
characterisedin that the ocutermost TigAl,; N layer has
a thickness of 0.1-1 um.

9. Use of the insert according to any one of claims 1-4 for
gear milling with length between the tops of the teeth of 10-40 mm
and a height of 5-25 mm at a cutting speed of 150-500 m/min and a
feed of £z=0.10 to 0.85 mm per tooth and a depth of cut of 0.5 to

15 mm in cast low carbon steel.



WO 2009/070109 PCT/SE2008/051356

1/1




INTERNATIONAL SEARCH REPORT International application No.
PCT/SE2008/051356

A. CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet
According to International Patent Classification (IPC) or lo both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: B32B, C23C

Documentation searched other than minimum documentation Lo the extent that such documents are included in the fields searched

SE,DK,FI,NO classes as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-INTERNAL, WPI DATA, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 0118272 Al (SANDVIK AB (PUBL)), 15 March 2001 1-1%
(15.03.2001), page 1, line 3 - line 12, claims 1,
6,9
A WO 0116388 Al (SANDVIK AB (PUBL)), 8 March 2001 1-15

(08.03.2001), page 1, line 3 - line 8, claims 1,4,
6

A EP 1795628 Al (SANDVIK INTELLECTUAL PROPERTY AB), 1-15
13 June 2007 (13.06.2007), page 1, line 3 - line 6,
claims 1-5

m Further documents are listed in the continuation of Box C. m See patent family annex.
*  Special calegories of ciled documents: “T" laler document published afler the international filing date or priority
“A" document defining the gencral state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
E ?Trherd:{)phcauon or patent bul published on or after the international X gocument of particular relevance: the claimed invention cannot be
ot 'ling dale ) . considered novel or cannot be considered to involve an inventive
L“ document which may throw doubts on priorily claim(s) or which is slep when the document 15 1aken alone
cited 10 eslablish the publication date of another citation or other . . .
special reason (as specified) "Y" document of particular relevance: the claimed invention cannot be

considered to involve an invenlive step when the document is

O document referring 1o an oral disclosure, use, exhibition or other combined with one or more other such documents, such comhination

e means ) . being obvious o a person skilled in the art
P document published prior Lo the international filing date but later than . .
the priority date claimed & document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report

23 February 2009 25 -02- 2009

Name and mailing address of the ISA; ) Authorized officer

Swedish Patent Office

Box 5055, S-102 42 STOCKHOLM Ingrid Grundfelt/EOQ
Facsimile No. +46 8 666 02 86 Telephone No.  +46 8 782 25 00

Form PCT/ISA 210 (second sheet) (July 2008)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2008/051356

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A EP 1038989 A2 (SANDVIK AKTIEBOLAG), 27 Sept 2000

(27.09.2000), claims 1,4, paragraph [0001]

A WO 2006080888 Al (SANDVIK INTELLECTUAL PROPERTYAB),

3 August 2006 (03.08.2006), page 1,
line 4 - line 9, claims 1-6

A JP 2002254229 A, MMC KOBELCO TOOL KK, 2002-09-10:

(abstract) Retrieved from: EPODOC database,
see also English translation

E US 20080299366 A1 (AHLGREN M. ET AL),

4 December 2008 (04.12.2008), the whole document

E US 20080299383 Al (MARTENSSON M. ET AL),

4 December 2008 (04.12.2008), the whole document

1-15

1-1%

1-15

1-15

1-15

Form PCT/ISA /210 (continuation of second sheet) (July 2008)




INTERNATIONAL SEARCH REPORT International application No.
PCT/SE2008/051356

International patent classification (IPC)
€23C 30/00 (2006.01)

B23B 27/14 (2006.01)
C23C 14/06 (2006.01)
C23C 14/32 (2006.01)

Download your patent documents at www.prv.se
The cited patent documents can be downloaded at www.prv.se by
following the links:

e In English/Searches and advisory services/Cited documents
(service in English) or
¢ e-tjdnster/anfdrda dokument (service in Swedish).

Use the application number as username.
The password is FGBYBERCUV.

Paper copies can be ordered at a cost of 5C SEK per copy from
PRV InterPat (telephone number 08-782 28 8%).

Cited literature, if any, will be enclosed in paper form.

Form PCT/ISA/210 (extra sheet) (July 2008)




INTERNATIONAL SEARCH REPORT

International application No.
Information on patent family members

01/11/2008 | PCT/SE2008/051356
L[0 0118272 Al  15/03/2001 AT 269424 T 15/07/2004
OE 60011653 D,T 30/09/2004
EP 1222316 A,B 17/07/2002
SE 1222316 T3
IL 147781 A 17/05/2005
JP 2003508637 T 04/03/2003
SE 9903122 D 00/00/0000
us RE39814 E 04/09/2007
us 6326093 B 04/12/2001
WO 0116388 Al  08/03/2001 AT 269425 T 15/07/2004
DE 60011644 D, T 30/09/2004
EP 1218557 A,B 03/07/2002
SE 1218557 T3
IL 147779 A 25/07/2005
JP 2003508242 T 04/03/2003
SE 9903089 D 00/00/0000
us 6342291 B 29/01/2002
us 6627049 B 30/09/2003
US 20020051887 A 02/05/2002
EP 1795628 Al  13/06/2007 CN 1978192 A 13/06/2007
JP 2007196365 A 09/08/2007
KR 20070061456 A 13/06/2007
SE 0502694 A 09/06/2007
US 20070141346 A 21/06/2007
EP 1038989 A2  27/09/2000 SE 1038989 T3
AT 269429 T 15/07/2004
AU 4945299 A 10/01/2000
BR 9911492 A 20/03/2001
DE 60011494 D,T 28/10/2004
DE 69911213 D,T 01/07/2004
DK 1097011 T 22/12/2003
EP 1097011 A,B 09/05/2001
JP 2000308916 A 07/11/2000
JP 2002518185 T 25/06/2002
SE 519005 C 17/12/2002
SE 9901149 A,L 27/09/2000
Us 6250855 B 26/06/2001
us 6397940 B 04/06/2002
WO 2006080888 Al 03/08/2006 BR P10605876 A 18/12/2007
CN 101018891 A 15/08/2007
EP 1846590 A 24/10/2007
JP 2008512262 T 24/04/2008
KR 20070101201 A 16/10/2007
SE 528671 C 16/01/2007
SE 0500234 A 01/08/2006
US 20060286410 A 21/12/2006

Form PCT/ISA;210 (patent family annex) (Apnil 2005)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

01/11/2008 | PCT/SE2008/051356
US 20080299366 Al  04/12/2008 CN 101318229 A 10/12/2008
CN 101318230 A 10/12/2008
EP 2006413 A 24/12/2008
EP 2008743 A 31/12/2008
EP 2011890 A 07/01/2009
EP 2011894 A 07/01/2009
SE 0701320 A 02/12/2008
SE 0701449 A 02/12/2008
SE 0701760 A 02/12/2008
SE 0701761 A 02/12/2008
US 20080295658 A 04/12/2008
US 20080299383 A 04/12/2008
US 20080314200 A 25/12/2008
US 20090003943 A 01/01/2009
CN 101327523 A 24/12/2008
CN 101327524 A 24/12/2008
US 20090010724 A 08/01/2009
WO 2009002266 A 31/12/2008
US 20080299383 Al  04/12/2008 CN 101318229 A 10/12/2008
CN 101318230 A 10/12/2008
EP 2006413 A 24/12/2008
EP 2008743 A 31/12/2008
EP 2011890 A 07/01/2009
Ep 2011894 A 07/01/2009
SE 0701320 A 02/12/2008
SE 0701449 A 02/12/2008
SE 0701760 A 02/12/2008
SE 0701761 A 02/12/2008
US 20080295658 A 04/12/2008
US 20080299366 A 04/12/2008
US 20080314200 A 25/12/2008
US 20090003943 A 01/01/2009
CN 101327523 A 24/12/2008
CN 101327524 A 24/12/2008
US 20090010724 A 08/01/2009
WO 2009002266 A 31/12/2008

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - claims
	Page 6 - claims
	Page 7 - drawings
	Page 8 - wo-search-report
	Page 9 - wo-search-report
	Page 10 - wo-search-report
	Page 11 - wo-search-report
	Page 12 - wo-search-report

