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WD 2004/ 089567 PCT/ | L2004/ 000251 TANGENTI AL CUTTI NG
| NSERT AND M LLI NG CUTTER FI ELD OF THE | NVENTI ON The
w@r@amsds67 nvention relates in general to a tanpeniizads/000251
cutting insert and a mlling cutter for nmetal cutting
operations for mlling conplex profiles such as for
mlling crankshafts with an annular internal-mlling
cutter. 5 BACKGROUND OF THE | NVENTI ON Such m | ling
cutters typically conprise an annul ar cutter body
having a plurality of identical segnments equally
spaced about the inner circunference of the cutter
body. Each segnent having typically three or nore
cutting inserts secured to 10 it, with each cutting
insert intended to mll a particular feature of the
conplex profile. Inevitably, at |east one of the
cutting inserts of each segnent has a different
geonetry fromthe other cutting inserts of that
segnent. consequently, a stock of at [|east two t¥ es
of cTANGENREALIGCUTIING INSHRPANRMIELING €YD %3
t aken when WD 2004/ 089567 PCT/|1L2004/000251 -2
replacing a worn cutting insert of a segnment not to
replace it by a cutting insert of a different
geonetry. In many such mlling cutters, tangentia
cutting inserts are used. Tangential cutting inserts,
al so known as on-edge, or lay down, cutting inserts,
are 5 oriented in an insert holder in such a manner
that during a cutting operation on a workpi ece the
cutting forces are directed along a major (thicker)
di mension of the «cutting insert. An advantage of such
an arrangenent being that the cutting insert can
W thstand greater cutting forces than when oriented in
such a manner that the cutting forces are directed
along a mnor (thinner) dinmension of the cutting
insert. 10 It is an object of the present invention to
provide a tangential cutting insert for use in a
mlling cutter that is capable of mlling all the

FIEE® OFcEHE ENVENXIONOf i | e
The present invention relates in general to a tangential cutting insert and
a milling cutter for metal cutting operations for milling complex profiles such as for

milling crankshafts with an annular internal-milling cutter.

BACKGROUND OF THE INVENTION

Such milling cutters typically comprise an annular cutter body having a
plurality of identical segments equally spaced about the inner circumference of the
cutter body. Each segment having typically three or more cutting inserts secured to
it, with each cutting insert intended to mill a particular feature of the complex
profile. Inevitably, at least one of the cutting inserts of each segment has a different
geometry from the other cutting inserts of that segment. consequently, a stock of at

least two types of cutting inserts has to be kept and care has to be taken when
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of a netal workpiece capable. SUVWARY OF THE | NVENTI ON

15 In accordance with the present invention there is
w@e@niossa7 a t angential cutting insert conpri SP@LIL2004/000251

first and second opposing end surfaces and a

peri pheral side surface extending therebetween; first

and second peripheral edges,2respectively, forned at

the intersection of the 20 first and second end

surface at | eas

ur.faces with.the ri pheral si d a
resTiRE v SHttng FpiREt ObR ST RERIOLEa EPIRGS M2 SofpREcsert of a
at | east one groove in the peripheral
dlf?&gﬁﬂéb%@&%g ext endi ng between and intersecti ng t he
first BNAngRE ORELERMIENS f ARGSs, attaﬁgeﬁl%‘él aé1ﬂt1ﬁ§ S| are used.
m nor edges,” respectively, at |east a sectl
Tafgemtial cunig @dees,fasorkngwa a3 sioedge)tdr lag REas; cuZtilg 1nserts are
wherein, in first and second opposin S|de vi ews of
orietieddutan ngertrﬂgddm; irasudheagnanties that deting er ¢ysting aiperation on a
edge i s general conc%ﬁ accor dance

ehihe AWERE; igFces; et @chdp %lpngr?dn@&roﬁﬂ%issﬁdkm@gswn of the

cu 1:n%§11n\s/ WS § h %ntglgeg 2 Osuf;i ?nvﬁ%%&eilﬁj%gégét enh% tple cmﬁ?nng insert
carg> Qﬂﬂsk‘% é‘eggﬁ) zulting golrc%% fWhE{i' %I‘E]le gD sh Sich Q%{tﬁner that the

el ng er to a ian plane o cutting rnsert
cufting@fordeb@rd tirséted Atbrpod Alinor(tiihhier) difhedsionodaRE Eutting insert.
the present invention, in the first side view a
m ni nulhipen wbjeek dof the pmsetﬂh enaintibe de provide hitamgential cutting insert
peri pheral edge, the m ni me oint 5 bein cI oser to
fortuse mrédnﬂhne chtter that tsr@pébktq illing aflithe ipRlex profile
t he at st the flrst peri pher al edge and
ofglng alb‘@?’f@l%q ?8%0 one end point than the other.
Preferably, the cutting insert is provided with a
t hrough bore passing through the peripheral side
SUMMARY ORTHIEINVIENERONY, the through bore has an
axis contained in the nmedian 10 plane of the cutting
i nsertIn accordance with the present invention there is provided a tangential

cutting insert comprising:

first and second opposing end surfaces and a peripheral side surface extending
therebetween,

first and second peripheral edges, respectively, formed at the intersection of the
first and second end surfaces with the peripheral side surface, at least a section of the
first peripheral edge forming a major cutting edge;

at least one groove in the peripheral side surface extending between and
intersecting the first and second end surfaces at first and second minor edges,
respectively, at least a section of the first minor edge forming a minor cutting edge;

wherein, in first and second opposing side views of the cutting insert, at least the
first peripheral edge is generally concave.

In accordance with the present invention, in the first and second opposing

side views the at least the first edge extends between first and second end points
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There is also provided in accordance with the present
invention, a mlling cutter conprising an annul ar
W@ eaoe895hbpdy having a plurality of identical SPOIHERO&H000251
equal | y spaced about an inner circunference of the
cutter body, each segnent having seven cutting
inserts in accordance with tlge present invention
secured 15 thereto. Preferably, the seven cutting
inserts on each se nt are arranged three airs_ and
thegeaf; g tecons and QIR heinghelopsrdera medign miane @ﬁ@@&u&mgyxnsert than
i fhrst of the three pairs the cutting inserts are
thefﬁ%sgglé%po%. opposi ng side faces of the segnment; in a
second [ [ LASer: . .
oot of taner i bYRERE i (P pRULH ARChBSE hiing Hstifo view a
mihfiguBUpéinh 8xisRSEH the atjlapeMhie g SérifhetAcRige! R thinimum point
segnent and the other cutting insert adjacent the
bemgpdssergosthd enediac plank daththe smtpiveninseftrthan thy rtherfpdiieon the at
three pairs, the cutti n}g inserts are | ocated adjacent
9

leagt thedirsipqsinheeal 6fge med alog being ddpsesite pae erd peint Handbe other.
ubst ARTSIEEY: By AEEh it REOYBI ovifh s dBE0ER: borgepassing
ith th t i tion,
m@ﬁ%ﬁ%@h&ﬂ S%C‘Sg{fggggce with the present invention

unpaire ting insert is secured to the

segmenfuwhéhtypicaligr @Ry thrbBSh PEraWaY ah! SR (BRLFRI BN the median
whereas each” of tfhe cutting inserts of the three

plameiafgshetutting inseg. i nserts is secured to the segnent
with its groove facing towards the segnment. WO .
2004/ 0Fbsw7is PO Ploydied) inogeendance; witk e DESCRIFVENGNN,GFmilling

THE DRAW.NGS For bett er. understandi ng of the present
Cufieh, EMHIPOFNG fd AR %Wﬁ%‘i@?‘?ﬁé%@&}% arléﬁvl‘ag‘éy @grlﬂP@éCﬂi (pegments
' r ' efer A ow be de to the
colf LB SBEF ot L5 R SRR RS cbief BB cach seqment
haPfis R&R! %‘éttﬂftge‘fﬁs%s 2irC YbtdRend S RS g@regélﬁgnfv%nﬁ@ﬁ secured
present Invention; Fig. 2 1s another perspective view
the@ttol he cutting insert shown in Fig. 1;, Fig. 3 is an

end view of the cutting insert shown in Fig. 1;
Preferably, the seven cutting inserts on each segment are arranged three

pairs and a single unpaired cutting insert.

Further preferably, in a first of the three pairs the cutting inserts are located
on opposing side faces of the segment; in a second of the three pairs the cutting inserts
are located on the inner face of the segment with one of the cutting inserts adjacent
one side face of the segment and the other cutting insert adjacent the opposing side
face of the segment; in a third of the three pairs, the cutting inserts are located
adjacent a median plane of the segment on either side thereof; and the single unpaired
cutting insert is located substantially midway between the two side faces of the
segment.

In accordance with the present invention, the single unpaired cutting insert
is secured to the segment with its groove facing away from the segment, whereas each
of the cutting inserts of the three pairs of cutting inserts is secured to the segment with

its groove facing towards the segment.
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Fig. 4 is a side view of the cutting insert shown in
Fig. 1 taken in the direction IV 10 as shown in Fig.
W@ 2004i08p565 is a side view of the cutting i nserPCHI®MM/000251
in Fig. 1 taken in the direction V as shown in Fig.
3; Fig. 6 is a side view of the cutting insert shown
in Fig. 1 taken in the direcgion VI as shown in Fig.
3; 15 Fig. 7 is a side view of the cutting insert
shown in Fig. 1 taken in the direction VII as shown
in Fig. 3; Fig. O is a perspective viewof a mlling
[ C W ent invention; Fig.
Brgi B CR P IO i T PN G Kehart 1 1 ed wi th
th Lk 0 ' i M '
croghs LB U Rt the Hloieht Bifns R faty sl fiof the same
ma¥ BN @afritRdl btk prafticE] tbferbhcd will £6WHe AREGLIBNHE! d¥cbRipanying
o that shown in Fig.” 19 before the crankshaft is
drawinpgsdn v5chki g. 12 is a perspective view of a segnent
of the mlling cutter shown in Fig. 8 Fig. 13 is an
&g bis & pesapedtivenaewayaegwtiting tvaert avcprding & therpresing invention;

4 is.a side view qf the segnent .shown in Fig. 8.

Hiod st Rennec0 X100 65 B SUtinBRRAFIBeMIRadRERt O

- PREFERRED E | MENT Atteniion.is.drawn to Figs.

Figisd 5 5 Oh o iR G TR G B R BB s e

SARREINA Bde it o ARk bt ShRRERI FRDT talb] 3 R iection IV
as steslen @ FexBrenely hard and wear-resistant materi al

such as cenented carbide, either by formpressing

&g, Sina sidengewarflihe eufimgdiasert showan bin didgr1 tatoen iy the direction V

powder injection nolding nmethods. The cutting insert
as showithFi&es i dentical opposing end surfaces 22, 24

. peripheral sid f. 6 i bet) he..
%g % sidB View of the gut%llilé ifsert Sﬁ‘lOW?l‘i( }neﬁl%l. Saken in the dtlregtlon VI

as shown in Fig. 3;

Fig. 7 is a side view of the cutting insert shown in Fig. 1 taken in the direction
VII as shown in Fig. 3;

Fig. 8 is a perspective view of a milling cutter in accordance with the present
mvention;

Fig. 9 is a partial side view of a crankshaft milled with the milling cutter shown
in Fig. 8;

Fig. 10 is a cross section of the crankshaft shown in Fig. 9, taken along the line
XX;

Fig. 11 is a cross section similar to that shown in Fig. 19 before the crankshaft is
milled;

Fig. 12 is a perspective view of a segment of the milling cutter shown in Fig. §;

Fig. 13 is an end on view of the segment shown in Fig. 8; and '

Fig. 14 is a side view of the segment shown in Fig. 8.
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end surfaces 22, 24. A nedian plane Mdivides the

cutting insert 20 into two equal halves, with the two
wen4msasbaces 22, 24 | ocated on opposite si desPOTf/IL20&t/000251

medi an plane 10 M The cutting insert 20 possesses

mrror (or reflection) symretry about the nedi an

plane M During a cutting opgration, only one of the

end surfaces 22, referred to as the operative end

pEfAERH Bhs Rk OB OifasikbEEriikl ﬁ%mfﬁnifi‘\tg'ng\?trom y
f .
i1 nd lsﬁa%?odﬁig%??rt?t o8 o B Piig™ it  dowble-sidea
tallchlial 9“%%@’%?@ RSP TR Wik AT {5y Ao, The cutiing

inddre20rid ? B¢ efade? of 24tréinelP Bhtd BRH A eLA88iStadP matbrial such as
The perip era side surface 26 conprises first and

ceseptEudsarbyienerthdr by forarpressing apdrsatbeihg cafifids pogdemjiara binder
side surfaces 32, 34 and first_and second opposing
or fAynReWderdiay @momamekh% m%hO@a Ehaicugingemnaerd 20t qmpnﬁe@ identical

si de surfac OAd t..m a r si de
Opgta?l%l&@@é HeGce A petbhgn] Sidbausthes 36 estonding between the

et fibedPhE 4 3&@%51?8&102?“6334 ARFES it fragh Al inge oo equal
haftfds, \;gﬁ tlflé W ofid BRTacth 2,2 g&%?é?i 3{{50 s@%%ﬂ@s%tﬁ%gdmn plane

secon maj or side sur at a s corner Si

Ms UThéegttihg. indde 26 possRsselBhidror %bﬂ&f&dﬁf)ﬂ)@@qﬁﬁeuﬂb&ﬁ&he median
with the second mnor side surface 38 at 'a third

planer Mer Dairicg 5 cuttiag epérhtimndonlyeorzbofsthecnd surfases 32 deferred to as
surface 38 nerges with the first major side surface 32
theypperativie endh sudaeend?, parteipates imthe agtingaparationorSig¢aithe two end

s di. |ded i nto two _conponent nor sjde
Sugiﬁ?@rs i‘ﬂ R dderticel. qRlygRe Of aléelgmrg@arnh@ oasr@aw sad surface 22,

w5 e 1 OO QP B0 S SN B4 58t mom-
opgfél’tlfvé(éﬁdgarfacér% second m nor side surface 38
onprises first ‘and second conponent second WO

2004/ 08956 ferisherall 2184502526 mterBddiOthsi &IR] SuFthage2, 24 at
54, 56 nmerging at a second conponent corner side

pesphérab edg8. 2Th#). The perighmngsiden sufface £6 mongrisss diest and second,
surface 48 and the first conponent second minor side
generpilyplongn and parlich opresing enajor side mufanes $i2d34 ud fiagand second

orBRp I g 0 TRB et b o 3 s 32, 34
Adj E'Jefn@ﬁ'?aj 3Pand minor side surfaces merge at common corner side surfaces. The
first major side surface 32 merges with the first minor side surface 36 at a first corner
side surface 40. The first minor side surface 36 merges with the second major side
surface 34 at a second corner side surface 42. The second major side surface 34
merges with the second minor side surface 38 at a third corner side surface 44 and the
second minor side surface 38 merges with the first major side surface 32 at a fourth
corner side surface 46. Each minor side surface is divided into two component minor
side surfaces. The first minor side surface 36 comprises first and second component
first minor side surfaces 48, 50 merging at a first component corner side surface 52.

The second minor side surface 38 comprises first and second component second
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5 are adjacent the second major side surface 34. A

t hrough bore 60, having an axis A which lies in the
wore@iasespt ane M passes through the peri pher aPCHIIE04/000251

surface 26, extending between the first and second

maj or side surfaces 32, 34. A groove 62 in the

peri pheral side surface 26 egtends between the

opposi ng end surfaces 22, 24. The groove 62, which is

. ntersect.ed e 10 throu h bore 60, is straight an
miper $ide Wé%ﬂeé% ég m?ég]ﬁl% an iﬂnélr@mpfamni Rermen s ﬁ@rface 58. The

ﬁr%tncl%?g@tr?gﬁgt %{Ege 8rg§1 AW%%%@ C@r%?éé%egne:ﬁ%ﬁw minor side
suFSQSsPle o FIE& ﬁf%%@f %ﬁa Qb rfa%gf.’»?h Wl ¢ ]{N??econd gomponent

I ntersect the groove 6 e operative
fir§Guhiree §id2surfitd 30M8nd fidSc¥né %ﬁﬁl}%ﬁehﬁséc@ﬁd\ﬁﬁﬁbﬁ sféi@ sheface 56
the peripheral edge 28 apart fromthe secondary edge
ar@cﬂjac'éhethersenmd/mﬁg@u&esurfaoaﬁm ses first and second

maj or e%dg 68, 70, formed at the intersection of the
first Adfheoughcbeors 6&jhaving de axis Aawlas:hslz¢s Buthewinedian pdane M,

peSBs Gavek s gﬁ%@%ez%fe{cgs et etvRyaflsolist apd second
o 5 2SS E0D, DB BB S0 cxns
betf\ﬁéeﬁtt e 3@}%&%?%91% stirfded 9”@4 f HE cht)cﬁ%r(ff ]';W}?glg ?s%p?e@sected by the

rned at t elnters lon @
thrﬁﬁgilﬂ Bdre 60 GtRicht M pdip&hiagsr & 4R ﬁl@ﬂi‘aﬁ%ﬂﬁnélﬂfl of4he cutting
447 46 with the operative end surface 22,
1nseﬂ§0ect|vel y. The first mnor edge 72 corrprl ses a
first conponent first mnor edge 84, a second
conponéhe pﬁnplsftrah@dgﬁr 2% comapaEsame contpanent c@qsoaz eerondary edge
corner . edge, 88 rmed at the intersecti

64 ppd @ PrEg R FHleRLE @ g sqroRdaty Sdge @L}Fff;a@éed?@ tﬁ%ﬂ?@ﬁ@ctwn of the
fi 5

qo%%%oﬁg%‘@%& S8 LA BRoTRE ! IR whoteof

theOE&’iolﬂ{(flr 2§uegﬂa?f;§ro%? thd %é&ﬁﬁfah%’ %hé? 6%' m'['h@ e}hﬁfmaﬁh €dge 66

conpri ses a
comPFSaRafiRt Bﬁd seelirl Pjor 2IFES 68,070 TORABE At the%ﬁ@é?%ﬁﬁh "lﬂ"fthe first
edge 92 and a second conponent corner edge 94, forned
andisedond majot eiiseotfaces 3, Juheitli thestpeativoaehiuriee @ldrespsctively;
m nor side surface 54, the second WO 2004/ 089567
ﬁrirrb@llldlswemhlmm@ges 72, %rfprin@hat the dotstsention of Shedirst and second

.surf, % the s nd component coQrner. side
minor si e sur aces 6, 38 wi e operative end surface 22, respectively; and first,

second, third and fourth corner edges 76, 78, 80, 82, formed at the intersection of the
first, second, third and fourth corner side surfaces 40, 42, 44, 46 with the operative
end surface 22, respectively. The first minor edge 72 comprises a first component first
minor edge 84, a second component first minor edge 86 and a first component corner
edge 88, formed at the intersection of the first component first minor side surface 48,
the second component first minor side surface 50 and the first component corner side
surface 52 with the operative end surface 22, respectively. Similarly, the second minor
edge 74 comprises a first component second minor edge 90, a second component
second minor edge 92 and a second component corner edge 94, formed at the

intersection of the first component second minor side surface 54, the second
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surface 58 wth the operative end surface 22,

respectively. The operative end surface 22 conprises a
w@eookjosissal surface portion 96 sl oping i nwar dPgT/iIr200M/000251

t he peripheral edge 28 towards the nedi an pl ane M and

5 nmerging wth a central surface portion 98 of the

operative end surface 22. Theg.peripheral edge 28 forns

a cutting edge and the peripheral surface portion 96

fornms an associated chip rake surface. Consequently, )
cogippneric 85coRd g esife ¢ 16 engdhoseconst wompopent ceger side

be referred

. [ WL
58 B LD, AR S
o oo oOETREEG St 22 AGPpliRed BOBIED Gl prion 9
sl SRGRIAY TRIA the %% 4126830348 RWwaPdd B Hh&Had Plape M and

erein as a first e view of the cutting inser

mdrpmgsedthng ceatrploserficd pofion DB osf thet bpergtivé endt fivface 22. The
second corner edge 78, the second najor edge 70, the

petihherdl edgerd$ fornlge @ting bdge anelthe gedplhgrehsamtacs gootich 96 forms an
m nor gﬁg}e 92 and the _second conponent, corner edge 94

asspg1atest tkgeafacy. comaspauenthyanyotection of the nemipheral edge 28

oA AL B B Ser
an%HéJF‘BfF'bﬁttfﬁ% dggs general |y concave edge portion Cis
ascr ol I'ows. &1

second conponent first minor cutting

86 ext gyigsrdfeRAts RETHd. 165 it i§ AORAGAE inCLEAB iAHE tBScutting insert
sl oping towards the mnedian plane M and nerges wth

20tthlensparpardiiadanterthe dgenddnajbh eidesarfack 34rdlsy refelged Rbherein as a
78 extends fromthe second conponent first mnor .

firghiside migveef Sreopitting tinsear 26, thh seconstitemppient dirsinotinor cutting 86,

ith t cond maj or edge 70, The second nmj or
e 0N SOTRER R B mecedgar o he By pemer e 00, the
| opi t owar ds_t.he. nedi.an Bl a M and , nerges with
s Yt iefb porBnd BT sURE 2 AMAHE shodd PamAOeY coptes edge 94
ol Rl LOh k0 SN Coep bt U, Sl sonts, n
theTHEHt dfentidwethMpedibheral i8¢ 28ds Lend@ally Bencival MR RAliddire of this
with respect to the nedian "plane M Around the

genargllp monfavieaddze kid@tion e ipes fpliwral Thdgecdtl csmpanalt! fakt minor
to the nedian plane M The third corner edge 80
cuiingeBel extendm from thegfiont efmparient Totnersédpoi 89 showing ftowards the
rges wth the second

the nedi l,Lane M an
me@&fb%%‘ﬁ_ aﬁé@aﬁxaesrﬁv rtﬂga@@ndfpﬂm@dg@%nah@@ﬁﬁ@rdemmer edge
785559 orrflo{heesd &nd %o%%(ﬁo%re]rqts ﬁ;srtormnor cutting 86 sloping towards the

median plane and merges with the second major edge 70. The second major edge 70
extends from the second corner edge 78 sloping towards the median plane M and
merges with the third corner edge 80 at a region of join 100. The region of join 100
contains a point Q which is the point on the concave edge portion C closest to the
median plane M, also referred to as the minimum point Q, with respect to the median
plane M. Around the region of join 100, the peripheral edge 28 is parallel to the
median plane M. The third corner edge 80 extends from the region of join 100
sloping away from the median plane M and merges with the second component

second minor edge 92. The second component second minor edge 92 extends from



10

15

20

25

WD 2004/ 089567 PCT/1L2004/ 000251 -8 the third corner

edge 80 sl oping away fromthe nedi an plane M and
woreooges9sei t h the second conponent coi ner edgeP@HIL2004/000251

the first view, the first and second conmponent corner

edges 88, 94 formfirst and second end points X1, X2

of the generally concave edge portion C, with the

second end point X2 being closer to the nmedian plane M

In the first si

o 5t st e BgloprsoPYapioms ihsomedien Rigna Mesad mscs with the

sef D RS BRI e 2 03 dndde ek YiaweleaTishard %gﬁnﬂgqomponent
. £

B S i -

edeewasiii0C! Witdsthéldecond Al gong }%2' beinBGIdRE RS t‘he%ﬁediﬁ-lppl-ﬁ% M than

m ni mum point Q on the génerally concave edge portfon
th€fiodt enipopeXhheral edge 28 is closer to the second
bounding line H2 than to the first bounding line Hi.

Ther ef drethej firgtheidé i visw, shelecutiiegy, insdre Menertmiunged by the first
concave edge .qortion Cis non- _symmetric about the .
Comnﬂnﬁmﬁ%mlﬁ@gsuﬁf@cq 22 gpwesidsand the serorth somparentjcowner side

t CML T i.nsert .20 taken rpendi cul ar to.the
sullae, 3§ et o B A0S e 6 R SPoBT RTBPNG pBmaiSidd Sfrces 52,
r : teri St . e
S8 SR AR AT Bl Shbiq bERALNS IFRE L 37 A Sl nsert 20
THS RBNIATDOIRO QY bn the ociRATH RACRES ¥8RYdrhEn T bFthe peripheral ed
conmponent clor(r?er edgges 88H’Ethgr ef ore 'LI d%fi nesegmnp oral ecge
28nisx closen kgt Beafndt beurfding tlinel Har thasi @etlgufifadsoud@ing line HI.
an internediate |length L2 neasured between the second
Thesefprmeint thee firsiesidedgew, Slae (geherally ocanchge ddienpwrtian C is non-
maxi mum | engt h of. the second m noy side 20 surface 38)
SYBHRF Crrgbﬁ}l MERER. Point {da dfi it alspeteqp dhatiiRdhaistdenyiew of the

o SRR BRSO RSE ) SOl e coi
kb S 00 B B2 o
th@BEpESIES A Fufces R Amﬁﬁﬁﬁn@ @en%%% LEaeAuRR bB&veen the first

clearly seen in Fig. 5 ere, due the fact that the

componauinedreagidgeo S (therefeeontl d2fnes nokxBhwe 1enyth af ehe3Brst minor
.is smaller than the maxi mum|length of the first m nor
sidgj peface Hop.careintemedinte langsh 82 measurechbetvisen #hé sevoaddomponent

surface nd fhe_qgpposi ng non- ) )
corner edges 55 &ere%ore LZDge 1nesga maximum length of the second minor side

()

surface 38) and a minimum length L3, measured between the minimum points Q on
the peripheral edges 28. Clearly, the maximum length L1 is greater than the
intermediate length L2 which in turn is greater than the minimum length L3. The
difference in lengths between the first and second minor side surface 36, 38, can also
be clearly seen in Fig. 5 where, due to the fact that the maximum length of the second
minor side surface 38 is smaller than the maximum length of the first minor side
surface 36, portions of both the operative end surface 22 and the opposing non-
operative end surface 24 can be seen.

With reference to Fig. 7, it is noted that in a side view of the cutting insert

20 taken perpendicular to the first major side surface 32, also referred to herein as a
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operative end surface 24 can be seen. Wth reference
to Fig. 7, it is noted that in a side view of the

wae eaotiosage nsert 20 taken perpendi cul ar to t heP€T/II2004/000251
maj or side surface 32, also referred to herein as a WO
2004/ 089567 PCT/1L2004/ 000251 -9 second side view of
the cutting insert 20, the fgurth corner edge 82, the
first major edge 68, the secondary edge 64 and the

i R A A ISR SRR Tt e
BRhRC e T e e
edgﬁgeﬁﬁﬁi N 9%65 ﬁe’rﬁrédgﬁ 98 teR&N \')vp{h? &l th%%ggorﬁigs&ﬂg view the

second si d | ew w the genera concave
petiphdrabedde 28 istdepeRrsly |d@'ﬁ@éxf§ W%ﬁ cgﬁlplaﬂng'ﬂ% éérfe?atllﬁéﬁl%ave edge
viewit i1s notedthat the later is slightly recéssed
poaloraS of the pdriphegil edge R8rie die sdcbad skleedew bﬁtlﬂﬂlefgwheﬁlﬂy concave
y the secondary edge 64. Wth reference to Fig
edg@ pegionde Oiéhcn petpheralredge 28nia thi dinstofide Wisweiits nofgd tllz& the later
m nor _edge 86

t 20, e second conponent fi.r
is JHRBEY gopessed ot OnEnl RrAnn (IHErooby Hisn d64res et darmes by the

nd conponent second m nor edge 92 nekes a
Se&%ﬁahhdeedagsweeqeé a2 wth the second najor edge 70. The

first W@lﬁ’?&%{a&]}cé @8@%‘ 5“1’(‘9 n b&48& BBt TREASnR Jl?\lkrrcﬁ' the cutting

angle O wth I ne ndrma to a continuation
insefte20, 2he gBcbniBg Hp&@e fif& rafidr ddge %rﬁhk&oirﬁ@ﬁ%tgle al with the
first mnor edge 84 is perpendicular to 15 the
sequdt majoat édge 70 nadothet deeomsd congpomeptoseceddanitdr ¢tige 92 makes a
secondary ed e 64 conprises three conponent edges, an
seopfeingde 83 ¥ %a@?@nézmaJahédi()oGE}@r @é@@mpangn@@g@:yi minor
t he |nner secondary

d h d
ed%%&ge%%fé“st%”ﬁlﬁé PEEC iR 508 ngBns Lipincggifabandin of the

Y e T —
théc%Tan'uﬁﬁén 1R of ttl'ié‘bé&hfi |n‘1§j8¥ g&ge{]"i@ N§he $8cdih @r &%t &F comprises

by the groove 62, parall e second ng|
thré® cotrpohbet &lpds Vit Wner Weddhdatf edgn6s 4 T ouf’er sktorddry edges
noted that in a third side view of the cutting insert
647 gxtandengs Booneltheo mpd ndithe frines teatindary etigetd Go e frsd snajor edge
from the second corner e 78 to the first conponent
08 ¢ grifie caghy @@t%@p@éarﬁge@ﬁagéﬁ'f ropkingeamwiuse gdaevith the inner

secondary edge 64'. The first major edge 68, comprises two straight line portions,

imnterrupted by the groove 62, parallel to the second major edge 70, in the end view.
With reference to Fig. 4, it is noted that in a third side view of the cutting
msert 20, the second component first minor edge 86 extends from the second corner
edge 78 to the first component corner edge' 88 sloping away from the median plane
M. Similarly, with reference to Fig. 5, it is noted that in a fourth side view of the
cutting insert 20, the second component second minor edge 92 extends from the third
corner edge 80 to the second component corner edge 94 sloping away from the
median plane M. As can be seen in the figures, the through bore 60 can be seen in the

first and second side views but not in the third and fourth side views.
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M Simlarly, with reference to Fig. 5, it is noted
that in a fourth side view of the 25 cutting insert
WQ o486 second conponent second m nor edge 92PERIIENEE000251
fromthe third corner edge 80 to the second conponent
corner edge 94 sloping away fromthe nedian plane M
As can be seen in the figuregp-the through bore 60 can
be seen in the first and second side views but not in
the third agnd fourth side views. W 2004/ 089567
PCT/ | LZS0%nB 02 dgscribed hegeip 1Pq1°WeWéFbsT@f¢Iﬁé@P IfferFegm 8 to 14, the

ob38e BF5cbin dh BBl o Ii?f‘%??g?ﬁ‘ihg&“ &Wéerf 2 0cePagle il allthe
i ?p‘ﬂ‘e"d‘ﬁ%‘ﬂ}"* lo o' g, IR UGy o (R R an annutar

inRAR |rﬁ11711mg BhREME02 B@)xhbhéﬁﬂg‘ﬂiﬁé 86ghiids AOAPEAH %@ %)4 having

segnents 104, each segment 104 having 5 seven _
severs eutting AAsetsc2l) sebutd® theveto, HAiig. 9 $hewewssertiof Gifi Oerafkshaft 106
a crankshaft 106 after being mlled by the mlling
afignbemg lmliechhm the guillingg ¢ 0haed ¢5s. Beshows in leoss section the

f eat ur ed These features are the cheeks 108,
fegtjires Tpaiedy cks 108 cminirchedod 10 rwigvay between

i Forniign b %0'3"” eﬁmﬁﬁé i 00 CHBeSnecls %ﬁ@ heigeen the
L4, L0 05, 085,00 10 B B 10
anﬁtﬂ'ié@@héecﬁ% Liph "hjr@ %h eﬁqq}gec%?ﬁf#?% p}g&r ﬂx%%glgéectlon 116

sect1 ons 11 and t sections

thdthet%B@ WEEEHS 06191@ s€otonsdi g %nﬁrt%‘@ 3(5"%6%865.‘?.’12@ Jc f%n at 30° to

to the 90 section 112. Fig. 11 shows a cross se

theothdche 108 pexiehdhs RS il dBrh@fseb@ortsatthé Dm\ﬁbc'tlﬁn l'fE g
10, but before the crankshaft 106 is m |l ed

cont i nlfggid 1l showsraepossseetion bfiéhe dr5nladbﬂﬁd{l(mﬁ1ulaﬂﬁﬁthat shown in
features before the crankshaft 106 is mlled and the
Fig als(h vt |befre 4b¢ gearshathd 06 dnmiledusTHe eratishous linheepresents the

eb Rl REBHE Ar g beeidie1 g8k aRe T 1 ¢ éél'll.%?lrﬁidﬁﬁiegﬁfs%ed line
AT TN B .
fedbres Bl ﬂ% gﬁe-;h%ﬁed LIRS a!“ %116 LI 15] cﬁ‘%gf{'ﬁ@ ﬁ}%}éLrAm led upper

It wil appreci at e 0se sk e ar

sedtimtlltﬂﬂ,ep@rlﬂﬂléﬂh@ﬁﬁerlé%@hoﬁ’ssll’@|ﬂre-@1§ﬂl§ﬂ &k %@@tﬁ&rﬁ 120" pre-milled
general, are nilled in a nunber of stages.

90frisedtiong 120 @ed prasnidled aniob4sP stiohs 1244 agt w111 be appreciated by
those skilled in the art that the crankshaft 106, as well as crankshafts in general, are

milled in a number of stages. The milling process as described herein and as
illustrated in Fig. 11, represents only one intermediate stage of a number of stages
required in order to fully mill the crankshaft 106.

Attention is no drawn to Figs. 12 to 14 showing one segment 104. The
segment 104 has seven cutting inserts 20 secured to it by means of clamping screws
122 and arranged in three pairs of cuttind inserts and a single unpaired cutting insert.
A first pair comprises two extreme outer cutting inserts 20a located on opposing side
faces 124 of the segment 104. A second pair comprises two outer cutting inserts 20b

located on the inner face 126 of the segment 104 with one of the outer cutting inserts



10

15

20

25

illustrated in Fig. 11, represents only one

i nternmedi ate stage of a nunber of stages required in
woe@enstse7 ful ly m Il the crankshaft 106. AttenPCDIL2064/000251

no drawn to Figs. 12 to 14 showi ng one segnent 104.

The 25 segnment 104 has seven cutting inserts 20

secured to it by neans of cl-anping screws 122 and

arranged in three pairs of cuttind inserts and a

ingle unpaired cutting insert. A first pair .
20 oﬂ%?@éso%ng@f@?ee J2A4 Gaddhe e orfeT Rulingsingers 20b adjacent the
side. faces 1 t he se

I d [ . 4 of
oppBb RS RisRran: A Yt phir o TiRes SNphncn g MeLs 20g located

: : f. 1 .
s kg g ot e, B B ARSI L0 s
unpatéd led 38A5E a vddtrd Uutdeh AGRAL 200080 SHiEle sﬁ@s‘ifﬁﬁiéa?@ midway

and the other outer cutting insert 20b adj] acent
beopgms theg twod didd daces1P24. Thd bemteal paitting Gaggrt 208 isWeecured to the
inner cutting inserts 20c |ocated adjacent a nedian
sepmgniel (4 witht e gemyrsiét facdy awayefiohethesiegmenhdPépofvherthe each of

single unpaired cutting insert is a central cuttin .
the ¢S EPRC 0T suHined mseHs 1299 g (Ot QDS Gugsatsnddn aofethe inner

WO Sid ces 124.. . The centr ut.ti.ng i nse Qd is
coltil B A0 R3e2ERy 1A SERGF 10F il oS 3 b yigvards the
Seglwytﬁpmthe segnent 104, whereas each of the

Xtrene outer cutting inserts 20a, the outer cutting

i nser t SVRAPnANotthe chdikShaft 206.1th8 Guttheeitertd%a, i b, 20¢, 20d of
secured to the segnent 104 with g

its groove 36 facin
eatiosegmentt 108 orsergernt gitd sedibniofrtherictdnkslaft 166. The two extreme

crankshaft 106, the cutting inserts 20a, 20b, 20c, 20d
ougdr cugtaghinseysrdfia mlluthepdeeke1@8, tievdd® setiphod$d'odnd heortion of
crankshaft 106. The two extreme outer cutting inserts
the §Q° pgationt HR' arisernt theods° septtongBl 2 e dilicdiey quist cathing dnserts 20b
i@g@lt?i‘gﬁ of . the io secti oq} 11112' .adj acent the 45 o )
m i‘Oh SEFBons A & RRytign il rthe A0F i segtipmddZt adipemt the B5° section
he .45.sections_an tion of 1the 90 section 112’ .
1y ERHRE i adms Gt BofThuetfiede dhe Sphesgono he (o tnner cutting
. ly@X i, it h . ] ong. t he. 90 ctihon. ..Th Wo,.
103 nnez‘r6 écu ttlﬁ‘r%éo ?%éue():f{?éiz O%n‘%il P?I%t eofégeg c??cgﬁgquoadﬁcem the
a 1l : ' ' ' h 5
S0 SRR 50 Plieting 47 aEPhoR L BT SR ol Segigyond the
cehtidl QRtiSEeideNOBRAINS AR usRRtestion Y16 1208 the$6fier 28&ions 118 of
mlls the upper section 116 and the corner sections
thel iinbeheek 110. It will be appreciated that the way in which the cutting edges
slope relative to the median plane M provides them with an inherent positive axial
rake, thereby making the cutting process more efficient.
Although the present invention has been described to a certain degree of
particularity, it should be understood that various alterations and modifications
could be made without departing from the spirit or scope of the invention as

hereinafter claimed.
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the mni-cheek 110. It will be appreciated that the
way in which the cutting edges 20 slope relative to
wo b@4oedsan pl ane M provides them wi th an i nheP@mnL2004/000251
positive axial rake, thereby making the cutting
process nore efficient. Al though the present invention
has been described to a cert@-n degree of
particularity, it should be understood that various
Itihgtions and nodifications could be nmade w thout
Ci@H: tng fromthe spirit or scope of the invention as

25 heregj hafter CI%' med. WO 2004/ 089567
?}gb%

L PCT/ I L tﬁﬂg it ngiﬁéefkio _ g A tangential
cu : :
nd e A RE8hY CERREE Ny b T Ao RERT SRPAREHCE extonding

thérbgteleennveen; 5 first and second peripheral edges,
respectively, formed at the intersection of the first
andirstenoinstcend pstipherakbedgeiss tespémiviely; ifpimesdaat the detersection of the

surface, at |east a section of the, first peripheral

firgtenel sespid AR suitapasrwitl the pryiRbed sida syreags: aldaestgrasetien of the
o BT BT B B R ene 00 fomeeh, ™™
firgt d i; 1 ' . at
BRSO her 106 SRR KEbIgnE bevecn and

intdt<Refing Uhé | MGt eFhde sedtAdr Bhd sutfcds BPLiBNAndesRBAd minor edges,
opposing side views of the cutting insert, at |east

regpeetivdli,ras legqsea spdimnmadf thel fiest nsingeedyeafolrmignn aaner: cuting edge;
The tangential cutting insert according to claim1,
whevhsrein m firseand s@onarwposl@g 6itle \Bpo 9%%6 Qittag Wsetigsat least the

the a@ | aat the first edge extends between first and
firg e1aig Bt HPHFRLY GREF¥Df, the second end poi nt

bei {0 ' i t.h tti |
2 ¢ han-t neerppaspeR R M Bhe 1 Sl Ly Wil RS first and
seb&ﬁﬁéﬁgoﬁi G PRwsAhE hedeRidhe mﬁﬁag@ ekRnldBetl b irst atﬁjﬁ second

Vi ew I mum poi nt exists on e at least the firs
endgyoifth elictto e dgesecohé et pomtBeinioélotertiel dxghedlaggiind 6f the cutting

the nedi an plane of the cutting insert than any other
mgpof then gre fitséend point.
3. The tangential cutting insert according to claim 2, wherein in the first side
view a minimum point exists on the at least the first peripheral edge, the minimum
point being closer to the median plane of the cutting insert than any other point on the
at least the first peripheral edge and also being closer to one end point than the other.
4. The tangential cutting insert according to claim 3, wherein the cutting
insert is provided with a through bore passing through the peripheral side surface.
5. The tangential cutting insert according to claim 4, wherein the through
bore has an axis contained in the median plane of the cutting insert.
6. A milling cutter comprising an annular cutter body having a plurality of
identical segments equally spaced about an inner circumference of the cutter body,

each segment having seven cutting inserts in accordance with claim 5 secured

thereto.
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20 at least the first peripheral edge and al so being
cl oser to one end point than the other. 4. The

WO 2098456l cutting insert accordi ng to clai mBCT/IL2004/000251
wherein the cutting insert is provided with a through
bore passing through the peripheral side surface. 5.
The tangential cutting insert3according to claim 4,
wherein the through bore has an axis contained in the

medi an.pl ane..of the cutti.ng insert 6. mlling, . .
7. Gt t or e BIGE FUMEARING 0 Slnd Wapin (s agyer Sting inserts
: ! : | _
R S S R s e S
8.SegnMentTRauil e SeNG hceiding'th EIBRE 7 hbfeif & 8 TR&MT8he three pairs
with claim5 sécured thereto. WO 2004/ 089567
th@Cilittinig2i00ettsONBABdated DB dpposing sidld fadey ofthé segraentpiargcond of
to claim6, wherein the seven cutting inserts on each
the dgpepeirathe cattingipserts amedecased o8 thmtngr &osgifdheisegament avith one

cutting i.nsert. .8. The m.|ling cutter according to . .
of dhis, iR ireiseidiacet ehe e facgrofihe sedmen 34 the Othep gutting insert

LB BRSSP EIRES IR g i
in§eistdr® %dafb?feé(g §cé1‘1”t? r%qﬁ&l@ﬁ ?@arf%rbftthg ségi?gﬁta%tji" Eﬁ&{si&$ﬁereof; and

segnment with one o e cutting 1nse acent one
the smgld agrirell culithgsiagere i loamed billsstaithely didutdyetvbsette two side

adj acent the opposing side face of the segnent; in a
facdsiafdhosegnientt hree pairs, the cutting inserts are

| ocat ed adj acent a nedi an_pl ane of the segnent on )
9.ei t her Biegaulling gwiter aerprdingetosiclgime 8y mpaareiad theu singley unpaired

insert is |located substantially m dway.between the {wo
cuiiEinserh iy B P (B oSaBenaRin fis EroeE faPiRe P BoD S Segment,

: _— i i . .
SSRGS, EhhOufr R Al S IR secured 0 e
segm@ﬁw\seitﬁa@lg@@o@wﬂg&@%methé §&pIBALt, Whereas each of
he cutting inserts of the three pairs of cutting
inserts is secured to the segnent with its groove
facing towards the segnent.




