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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
WE28¥P567nvent i on rel ates in general to a tangiiyiLae04/000251
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

of ookl Euponicdsiel aRpMETEG Ly R

. taken when 2 replacing a worn cutting insert of a
segnent not to replace it by a cutting insert of a
different geonetry. In many such mlling cutters,
tangential cutting inserts are used. Tangentia
cutting inserts, also known as on-edge, or |ay down,
cutting inserts, are oriented in an insert holder in
such a manner that during a cutting operation on a
wor kpi ece the cutting forces are directed along a
maj or (thicker) dinension of the cutting insert. An
advant age of such an arrangenent being that the
cutting insert can withstand 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. It is an object of the present
invention to provide a tangential cutting insert for
use in amlling cutter that is capable of mlling al

f I rofile of a netal workpiece
FrELh GRETHE INAERTION P P
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



SUMVARY OF THE | NVENTION In accordance with a first
aspect of the present invention there is provided a
tangential cutting insert nprising: first and second
opposi ng end surfaces and a peripheral side surface
extending therebetween; first and second periphera
edges, respectively, fornmed at the intersection of the
replacg a wath eutiog ihser of s segmentsnotito eptlins ipby iaphiig insértlef a
| east a section of the first peripheral
dﬂﬁ%ﬁ%% 5?%%%9 a maj or cutting edge; at |east one groove
i N Ihgafg sadh ﬁﬁmn Shueterss tinbaniehl tRR0inSgtshet WD B@ential
intersectin |rst and second end surfaces at
cutling Hisers ¢l seggegm a5 @8158Ee,i o dpy dowmecuttingipsiter greodigated in an
ins B DEIRR T SO o Sl thaf 4R " URAS Bpmafig hpPibigee e
cuttieg fircashaee direstad alpag i pidonithiekgs dinsergionasfahd yuttiOp GRYE, An
characteriized in that in an end view of the cuttin

advags O byl FafrHnSERIERt b tgk theeatiing wegt e withstand preater
Hind forBQrth t
cuf 0 RO hAP Rl G ALAR1SEh, il iy, € Bin Gl A0 iected
alougp ouner thinnbe) dinension hétmtcuttir@asert, he first edge
ext ends rst . and second e .
© el abf S S ESn BVGRTH CapRge N BiBRt Gutinggpestfor
uselth angiliafg &iRr Gidt fsi dAgalile éf«‘ﬁﬁllfh@%[l thé RAnkéd SlorBhlex BRIAE of a
In exa gie enbodi nents, in the first side view a
meﬁﬂiwpﬂ@mcs@amblfexu sts on the at |least the first
peri pheral edge, the m ni mum point being closer to the
medi an plane of the cutting insert than any other
SUMMARY OR THEINVENIGIONe first peripheral edge and
al so being closer to one end point than the other.
Pr efedcgprdance wih @kt Agperheiethe niespabivpntan e isipravided a
5 . .through the peripheral side
tané%??g%g?% ﬁl(rg? er fi’ypl aIIy, the through bore nmay have
dinstaatidssecand appuaihg endt hefavedaad a gripherabkidt Rerfacd bitegding

i psert.
theregetween;

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 secondary edges, respectively, the
. secondary edges forming minor cutting edges;

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

characterized in that in an end view of the cutting insert the major cutting edge
comprises two straight line portions interrupted by the at least one groove.

In example embodiments, in the first and second opposing side views the at

Teast the first edge extends between first and second end points



In accordance with a second aspect of the present

i nvention, there is providgf a mlling cutter

conprising an annul ar cutt body having a plurality

of identical segnments equally spaced about an inner

circunference of the cutter body, each segnent having

seven cutting inserts of the above secured thereto.
ﬂwﬂméﬂb¢abbydemhpom@b@ngchﬁmnnglnnhempkmenfﬁﬁnhummgnm@tﬂmn

arranged three pairs and a single unpaired

ﬂwqﬁ%epﬁa Msert. In exanpl e enbodi nents, in a first of

t heInt SEaRlP&hb&diinbRts Ciat thé Bigkt s/ & a@ﬁ1ﬁ1murﬁ%§rﬁ®xi%& on the
posi ng side faces of the segnent; in a second of the

at lt%mt the fysh pesiphpral edge ttherf@mlmy@r pojnizheing d@aﬁtréd tlmnrzduen plane

t f 1.t
of 688HickAG GOl Ry RSOTBL Mh'le 8P nd BB SHEIAR s and
als@bd&mg cl@lsktrtto nge enitspcnht tzhdm &ﬁﬁﬂhert he opposing side face

% mg in athird of the three pair t he
cut lieff‘gab hsBp tttingeinserh anavebr aegvidednvith anthm %ih foirapassing
thr&fghtthep %‘Eﬂ&%ﬁ‘&ld@@uﬁééeher side thereof; and the single

unpal re utting I1nsert is |ocated subst anti al | y
mi diRertheb éxpiedly, theahtowgh dodembipbase af axit kontaagdantthe madian

ex | e enbodi nents, the single unpaired cutting
pl@%@ﬁﬁ?cﬁl@“%&:sﬁﬁted to the segment with its groove

f acinn@caraaee! withh sB&nASEPERI bf NEERABInSaEHLD
cutﬁing |H§%rts of the ?aﬁee pairs oglcug%lﬂgk?ﬁgg?wgﬁd

a miingeenitice gomprising aegmadar witteh body hgriogve pluralatynef identical

rds he_s nt. WO. 2004/ 089567 PCT/ 1L.2004/ 000251
seeh A EhRaBEATRR U, AR A RERSergh 1B (Ui obody: each
seghRAEA RNV agodfing hﬁe@s{@f&ﬁé‘hbd\)%\éﬁéﬁrb@me?é‘ﬂ@ to show how

the sane  may be carried out in practice, reference

Wi | Eref?éwlbéhﬁﬁ@@nt Qtingeingeitonb aRgh Fegmest tazberagengedh three
_pal,}g@_hglam élréﬁ;c gal%&etct ive view of a cutting

nsert cco e present invention; Fig. 2is

an ohlm:ranmxr smb@d:meﬁtsy irew bt sihihealifeki pagts ithe eiting iAWRs arc
f3 is an end view of the cutti ng@gnsert
100%%@}% qp.l?owg Sldf appyyof the segmeat,de & prepndroftthe thige tnaig the

cuttifBS et HRWBCA . B Fhe TankPERR dfthd Qggl'ﬁiéﬂrt &Gkl 88e LY 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 example embodiments, 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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10 as shown in Fig. 3; Fig. 5is a side view of the
cutting insert shown in Fig. 1 taken in the direction
WQ20(48836dwWwn in Fig. 3; Fig. 6 is a side view @FCT{Ih2004/000251

cutting insert shown in Fig. 1 taken in the direction

VI as shown in Fig. 3; 15 Fig. 7 is a side view of

the cutting insert shown in H.g. 1 taken in the

direction VIl as shown in Fig. 3; Fig. 8 is a
perspective viewof a mlling cutter in accordance

with the present invention; Fig. 9 is a partial side

W Ty Wt,ﬁ e mlling cutter
BIglhown %@Rﬁ%’ﬁ@@@@dﬁ‘f% gslgross section of the
Cr ok aldtter YRABR LTI Of 8 fe@&?ﬂn iy ' ;
Fig. 11 isra Cross segcti on gi m ar@%o t gftﬂgé‘%wgﬂmﬁwi%the Same
mdSi be chfridbbat én tpractivea nifehaice Wil nowW bednadbtdile adedbmpanying
is a p_ersgglzitwe view of a segnent of the mlling
drasyingsy insw ‘in Fig. 8 Fig. 13 is an end on view of

fhpe egnment shown jn F,g. 8 and Fig. 14 is a side | .
lg)/\/i é?g a Pﬁ@p%@vﬁeme%mumgpn@m accopdinggoshe possent invention;
2 e SRR RSP AT AL B RGBT FOP P S0 T 15 o

Figf 3408, eﬁw&ggfﬁi@aﬁtﬁﬂg gns%?eﬁ{oﬁﬁjﬁ[dﬁg. (fangenti al

cutting insert I'n accordance Wt " ptesent
iFigenid @BideViewCatitht REttinginsét sROwh Sn FYPI CalkkY imaieditdetion IV
extrenmely hard and wear-resistant material such as 5
as chowmtie&ig.a;bi de, either by form pressing and
sintering carbide powders in a binder or by powder

iiged is aFidrvigwnel thetcutideg irpee showni ingFign § dakerpin the direction V
c]g%i.s%s ia}d'enti cal opposing end surfaces 22, 24 and
as IR IPRKLE-al> si de surface 26 extendi ng between the
; 22, , medi an ane. i vj des th . .
%} : I@%Q I%fr:]dze A g\%zcgztfiﬁ F@mﬂﬁomﬁ%ﬁﬁ %OWH 11'¥1F9g. 1 Pa?(en inl the direction VI
as shown in Fig. 3;

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

Fig. § is a perspective view of a milling cutter in accordance with the present
invention;

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

Fig. 10 1s 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. 8;

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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hal ves, with the two end surfaces 22, 24 |ocated on
opposite sides of the nedian plane 10 M The cutting
WOREYA89560 possesses mirror (or reflection) symEBYILYN04/000251
about the nmedian plane M During a cutting operation,
only one of the end surfaces 22, referred to as the
operative end surface 22, parhd cipates in the cutting
operation. Since the two end surfaces 22, 24 are

- PEIAEB pEStR RN o N PRRERRIb I GREMIESAS

end sur s 1 r;ef t - . .
oper at i‘i‘@&?ﬁ issur gggs ﬁég q%?efp 82??%2%}@19& s?%)gw‘gg ff%%lg le-sided
taB@entil ehsitad Indefe2@ 78 25061118665 vAth ﬂ?élP?ésentpﬁNeﬁﬁSﬁ.alThe cuiting
_edges 23, 30. The peripheral side surface 26 conprises
mpére A0 mntypseathnohade gefnexteenhely Hazd amdandapedsidtht! material such as
opposi ng_ngj or _side surfaces 32, 34 and first and

cegusarpd cabigio suther by florm-preseingatichsiateriig; cgBidexgoandtirmin a binder

o] 5 AL o ot i
. . . : 5

o s T4 b o S T i

endl SRFRHE PAC84 A0\ b HiaRE l\mdif?félg§ igle cﬁHﬁ:lfgqg.gerg?O jnto two equal

merges Wth the second maj of SI surfac

habespndthcthe n@o ehldGarfatssi 2 2448catdd On POt HAELHT (b $edian plane
surface 34 nerges wth the second mnor side surface

M38 T catting indent @0grossdssies mirrdra(oe réfection) sheniryeboanthe median
m nor side surface 38 nerges with the first major side

plang Myc Dwmgse catting eparation only ose of theiendiserfa®s Racéferred to as
thm nor .si de surtt acg is divided ipto two conpgnent_ m nor
& oReratiypendsurtage 22¢ parlicingiesdn the quiting opgratiozs Since the two end
i i I sgcond onent .fi,rst m.nor sjde
suf BB 58 284, i Eonflih, G F & B Bty ireonottia i Siface 22,
. . : e ¢
w6 ettt 112 958 BB HG eio as e o

op2 Ot @BASOrfabEE4 L2004/ 000251 -6 minor side surfaces
54, 56 nerging at a second conponent coner side
sur f ac&'tE8 pefithberal isidet sedageo26nintbisests thenend siuiifices 22, 24 at
surface 48 and the first conponent second m nor side
PWLP@\% &dges #8301 he paripharel side swrfagp &6 eomprisasriimt end second,
ond comnponent, first njnhaor side

32, .wh h
BeBGFaldLAi0 aul Por ELCPPOHaE SO Gb FidR SuE Beedl Ao [9ptnd second
op?ﬁ%iﬁlggigingg _sidg sﬁﬂgceasdjﬁ? 38 régctetnﬁl%gsggt%%gn T l%rajosfrlsgdee surfaces 32, 34.

Adjacent major and minor side surfaces merge at common corner side surfaces. The

I~

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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A through bore 60, having an axis A which lies in the

nmedi an plane M passes through the peripheral side
WQapHAsR626, ext endi ng between the first and s®CTFAH2004/000251

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

peri pheral side surface 26 extends between the

opposi ng end surfaces 22, 24-8-The groove 62, which is

intersected by the 10 through bore 60, is straight and

m’?‘ﬁé §1§{9 4 ?lfl?@%:#e‘it, ggw%ggn%g#t%gﬁglg&g go%g%ﬁtgzgg{:eﬂ&gens%rface 38. The
Ge g bt REA ol o S UEHR Y8 7 e B 2fgPuBl BBbnld mivor sde

sutfBée54 8Fd ddjHceat tHd Brst HRHONVEIE dnFAt 33 %vﬂkﬁga{s%ﬂa %Ec%&jvzlognponent

surface 22 and the prihary edge 66 I's t ole

firsthmingerside eurdhceeSy and dhe pedondf compodent sespddainoradde surface 56
64. The primary edge 66 conprises first and second

argradjacend diesecosd nefor side siethcst34 he i ntersection of the
first a&dI secgnd maj or ,side surfaces 32, 34 wth the
oper at v Erengh bare §lchaving pasaas A vdigh lieg ip ghe median plane M,

o5 O R0 S e S B 55 Sy Bh second
b SO0 5L 68, GSUEI G 30, BBAESH Bl A6 ond

betfPeenifle o?ﬁ@siﬁg ef®dudhodsD2, 2! aResbbANe 2 whidh is4 g{téﬁgcted by the

second, ird and fourth corner side surfaces

thrédgh berevb0ist stenightearat porpendiodlas v e tedan plane M of the cutting
respectively. The first mnor edge 72 conprises a

nsert 2. conmponent first mnor edge 84, a second
t mnpor_edge 86 and a first caonmponent

28?‘82?%@%@%&@1 PG ER camprifes fvve epwpensns edges, misgcondary edge
o AR RIL 16 TR oSl L B0 pihaition o e
a6y OTRT SR S SRRl b ool o
thes pefpkbral 88ge 2898ar! 4rdif 'mé's%eén%rll;g'oén t@&ﬂpﬂi@gﬁﬁaﬁ% «edge 66

second m nor edge 90, a second c n secon

compgiscsOfirst nadd ses@abnejcraipes 68! 70 ofoiticd et Rtersb@ITESS the first
at the intersection of the first conponent second

andriseasmdghajer sidefsacfacen32, t3dewith the dpsiEXife edd 6@956:722, respectively;
PCT/.1 L2004/ Q00251 -7 conponent second mi nor side
first od seeonsbiner qdges J&c dhdoswa 6h the intassastioniafdhe first and second

nuﬁglé %@% tespagﬁvg ég, g?%’l&pﬁ%& aotpie}‘/aetiv%ngnds ggr%z?c%ezﬁ 2rés]:)ec:tively; 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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The operative end surface 22 conprises a peripheral
surface portion 96 sloping inwardly fromthe

WQasiHB6al edge 28 towards the nedi an pl ane MPERAL2084/000251
merging with a central surface portion 98 of the
operative end surface 22. The peripheral edge 28 forns
a cutting edge and the periplwral surface portion 96
forms an associated chip rake surface. Consequently,

any section.of .the | e 28 fornms a cutting

eri pheral ed )
compguent aeqoﬂér@mﬂreSIQﬁyS@P?&ﬁ APl otheviacong cqmpanepk gommer side

0 I: ] . €49 _a cutting edge. 10

sufler 58 S B oGt R et 2 L reosblliima: T h a i e

Vi ew ofehghesatidd BEA | 2 SR i

t he seconlﬁrraj or glf“aes%?ﬁt‘ gge&éﬁ, a s%ﬁgjg‘?@%g ocetﬁortlon 96
sldﬁnglmwaﬁéyi fréror the pedsherhlevded 28N owaitlé itHY hmBGBhtpleRe M and

the second conponent first mnor cutting 86, the
mggughwithoa dentretl gurfad; pontiors &8oof] theapperatitgeendsurfive 22. The

third corner edge 80, the second conponent second

PeriPheel edaglSforaie euieng edghend-depsripherat sumfacequyion 86 forms an
AR Ehih THEGqBIBASe. | oG . SScHon e e pphyralecdge 28
TS g ARl 5nf R RS P AR By hltor o

anaﬁg&g{-h%ﬁm '@a%e§econd conmponent first minor cutting
86 “ext ends 1gromthe first conponent corner edge 88

sl opi nvitlorefetace be Figreg)iiais dotahthaMires didesriewsofthe Rutting insert
the second corner edge 78. The second coner edge 20 78

- 20drkarprrpendienlahio the secehdwajsysidetsufface 84 nalso referred itmberein as a

86 .al opi ng.towards the nedian plane and nmerges with
firgtside viewn af thg etting jaserh 20;1the seeeh somppaentdagtnynor cutting 86,

o AR AR oSl TS e 0, e
e e S R L7 A B Ao s i 3
000 T e8P s,

the Gsqiaide viewt the peeibherl edkans iMfeﬂélﬁLl? @ohfsvd. €9heBtrBéture of this
join 100, the peripheral edge 28 is parallel to the

gengdllawoptavecedge TortiontT risl as dollews.e Mhe ®Qord engmneniofirst minor
t he éggion of join 100 sloping away fromthe nedi an

cufiingn 80 \ids niieRe thenilinst eoraperas morewnedgre 88 slopingntowards the
S8 o0 i SEB SRR g b eond Smer e
78 extends from the second component first minor 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
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-8 the third corner edge 80 sloping away fromthe

nmedi an plane M and nerges with the second conponent
WQaeHaBI6dge 94. In the first view, the first &0%IL2004/000251

second conmponent corner edges 88, 94 formfirst and

second end points Xi, X2 of the generally concave

edge portion C, with the secagd end point X2 being

closer to the nedian plane Mthan 5 the first end

OB e B 40 B b R b it
S5 5BEeB8 00, ADSTAE GG P FRF A S8 Shmponcn

CERGEE S SBPON Etim iRt %ﬂi Gl

© defi ni ﬁg_ fg}ljrst and sgggr%b oun |]§1‘gﬁﬁ}r€£’s f?%&%ie?@ﬁéconcave

edpetpoirtien O st theQecokid eHdepdthtX 18éer D €He aB&ian plane M than
general ly concave edge portion C of the peripheral

the diges endgpoint X1.oser to the second bounding |ine H2 than
to the first I~{é)coun_di ng, line H .  Therefore, in the
first dpatheyifies, sidgeviguncthsl euttingrimaes 2ge pamdednby the first

coodiSBL o PHBT Sl e S co b BT bion hipBatparer side
siflch 3830 B RBUGH, B SRR BTR s Rl s sutuces 2,
SEHRfets Gdfiihg Frbenet RIonB %ﬁg&fgﬁh ééﬁﬁﬁ],zfélh%fﬁéid%ﬁ{ﬁinsert 20.

edges "28 of "the opposing e rraces maxi nmu
Theemgtitmulod poime €3 bn ¢lib SaierslBNcdiltavé bdsd porti@ANO BE Me peripheral edge
corner edges 88 (therefore L1 defines a maxi mum |I'ength
28is closer ito she seeand bsinding Uidea®¥2 H6dn, tathé firstr bewhditg line HI.
| ength L2 measured between the second conponent comer
Tl?é@‘g&gm thadielr side Yiewe dhe rgeneraliyagomeave| edggt poxfont K& is non-

oL o AT ks W B o of e
L e S BT S
indet 90 834 Bired Bﬁﬁaéﬁﬁstgeewpgggmgﬁgfége%%ﬁvg&r@n fhe oé%ﬁ;{hggﬁ HGes 28 of

in lengths between t

ths wpbesiag Hhd Sffacea22al AomaRiemahdahisih BECMebfirbll Hetween the first
where, due to the fact that the makxi num|ength of the

coggronat @gner evges S8dthesefofab® d38nesa smrdinem Iehath dfthe first minor

) xL{qrqumIength of the first mnor side surface 36,
sxci% 3R D01 amp Bitermasiate hength ilZemensired betrerenahe spepndeomponent

co%?e?"oe%ggg ﬂo&ﬁergpoerg E}.t,i \égﬁﬁgsdam%ﬁn éfng%}? rc])f t%ﬁe Séggonrid 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 13. 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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Wth reference to Fig. 7, it is noted that in a side

view of the cutting insert 20 taken perpendicular to
WORHIBINT naj or side surface 32, al so referrefCT@L2004/000251

herein as a WO 2004/ 089567 PCT/1L2004/000251 -9

second side view of the cutting insert 20, the fourth

corner edge 82, the first maj®r edge 68, the

secondary edge 64 and the first coner edge 76 forma

rally co e .edge rid Q of . t he per.i ral )
soBFRE 28 o B Mo B 2 ABe Juiich aosidiedsh &, S first major
I Y C : n .
odBE GBLIR oo <Al 68 TS Hiorbol HIARER 761BR] p womgpatly concave
edizb obedr BIuTTiRé pedgiterdBedgl 19)enS &R ‘3&70?8%?11 Eﬂeeé’éc}ﬁha Bide view the
the generally concave ¢€dge portion C of the
pepiphéyabedgd 28 itggerkiallyrcontevd. | WitenSdotgparingVihé bendralPt6ttave edge
that the later is sli gh.tly recessed at a central

poriéen Sroftthe pedpheralasdge she s¢augdisidereidwhwith e generally concave

secondary, edge 64. Wih reference to Fig. 3, it can be
cAZEPATISHL. Giribg poEinber] dgecs imthecist sidg view it in setad thet the later

is RERAS SRGPl e Howeh rabiol] fRrelodbe Gooa Tt sommRd by the

seCRTRAP ggcond mnor edge 92 makes a second angle
az w tﬁa%%e second maj or edge 70. The first conponent

second With @&ferdiégqo g "Rk sa belebfl (RAGh SinthdM el gf the cutting

~line Nnormal to a continuation line of the secon

insexf] 20, thdgecatil emdpoient ffirsismimcongipeddt ndakesh firsnatgle ddewith the
84 I's perpendicular to 15 the continuation |line of the

see@oretafdse d8gndrthe segend sommtment sekpmdsmimumpdges82 makes a

e USR0Sk 15 2SR At misr
i d 4' t he fi[.st '
oG0Pl o B BRSO sSR! e o e
. ; - T )
PSRG0T SF RS LR B i o

theposiitirRation 2el JTHRE EodtnnMr LASe F0OAUR s@\%voncﬁw t@ﬁé@ b4 ' Bmprises

—

the second major edge 70, in the end view _ _
threefeengoment edgesgan 4andrtsecondagy edgé 64t ahd twolduitérkesbii@ary edges
view of the cutting insert 20, the second conponent

64} ispdanding Gone digecra®daitbe dmet secortdaey ségo6d! todhe st major edge
t copponent comer edge 88 sl opin

63:308@1 Fhehnanig" g #pPdate 041 meking an|hrusa eRgle with the inner
sec{pﬁ@%f;g&g%gg'. FiI%‘e f?fst Hajci)rse&g%t gg, tt:clmqn%}tariéeg t%vc;c gérjgit t Isnlle(:JI %ortions,
mterrupted 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
insert 20, the second component first minor edge 86 extends from the second comner
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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25 cutting insert 20, the second conponent second

m nor edge 92 extends fromthe third coner edge 80 to
WORB48¥Ad conponent comer edge 94 sl opi ng awRETIIEH6/000251

the nedian 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 iniQhe third and fourth side

views. WD 2004/ 089567 PCT/1L2004/000251 -10 As will

11, res 288, BE T Begi et ol pmee ol 81 14, e
R L R e T E T SRS

featt@ns ofil 36MPleR! profild THPRYhith lit i9YeSHELET 1:*11%2 $ shows an annular
_conprising nine segnents 104, each ségment 10 it ng
infersaveilling toiiteg 102 senipsis2(} siae l#e%ﬂlehﬁeﬂﬁl, @aclris8gm8nt 104 having
shows a section of a crankshaft 106 after being
sefER Icutingyinseigs AP sedurgd dgreter B2 9asidwi @ sectDdnstdngrdankshaft 106
features mlled. These features are

affﬂ% %‘H’Zgﬁ ng’yfa%fﬁﬂh%fé&ﬂﬂllm g viig. B@tshewrs int¢ress section the
R i A e
i A PRS2 A 250 L8 R E8rn o
maf-cHede 16 bhd ﬂ@“&ﬁe@ﬁ&%ﬁ@tﬁn\l\% 1:%8 4 %tecﬁr(?ﬁsgﬁgoﬁmé %%g{t \fﬁ)ese’:heeks 108

corner sections a sectl ons

andtth800% Sectidns 1¢PeThE ndifBkh&K ﬂﬁjé,g}gpﬁ%e% @%}] ef g&%&gfag section 116

sections to the 90 section 112.

thatentiges with the cofrnlkeitds ®arf Hrd 30° Eébﬂoﬁi_@tu%{;(@m i6,ht 30° to
Fig. 10, but before the crankshaft 106 is mlled. Thé

the oheekn 1083 extending diom slent amtihsectibhs &MY SOMEsEtRNERD.

features before the crankshaft 106 is mlled and the

dashed Hignll shovescreenoss sestionritfithe orankshafe] 8fhsinsildrite that shown in

.m d surface as in Fig. 10. The pre-mlled features
Fl%-ej!‘ﬁrgt?u"— OTi ﬁ%ﬁéaaléﬁbéﬁglﬁﬁovsmlbde-”ﬁm Ferfintons-lieesipresents the

-mylded u ection 116' . pre-ml]ed corner )
o0 1 e PR, 39558 065 Srled S547R Bt tine
[ : "t e 45 cti o 134 . .

ol Qnlbes LAONRAE 1L B 200 B0 e mied
fedthis Hehe, girankislRafl dhedlR6108S pr&ki PSR bR mi

ggenerédlﬁ?gge mll eg i nlg@ﬁg?n%glrﬂlg‘%ng%gges. %(2(151@ milled upper
sectidn 11, preomilic] emeesautione d18.eprelmilRdB@Ssections 120") pre-milled

illustrated in Fig. 11, represents only one
907 seetionsdl Y emnslt prgemilfedatwuiabeseatforst Hges Tt will 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
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required in order to fully mll the crankshaft 106.
Attention is no drawn to Figs. 12 to 14 show ng one
WOagep36104. The 25 segnent 104 has seven cutPdTAG2004/000251

inserts 20 secured to it by neans of clanping screws
122 and arranged in three pairs of cuttind inserts and
a single unpaired cutting insgt. A first pair
conprises two extrenme outer cutting inserts 20a

ted on o f.ac 24 of the segne

0 Sin ide es 1 n .
2080 38R Ensotns SR AP Ik B Bl Guied ot PG AU adligoent the
: t Reat . .126_of . t he segnent 10
rfpine AE R, B2 A iRl bARBrIGH R g s3BEBegE 20 located
2 ; ' t i da_f 2 .
A e PRe I oF e RgRehe 108 ot Bg, B (RERRE e single
umpredi agtisg desciaiea liddtraPciibing dnbat 20a0MRbledesubs¥Rtally midway
inner cutting inserts 20c | ocated adjacent a nedi an
bgtweere the dwor side sfagee 241 0he oventrial loatting itmetth20@df sedied to the

si ngl unpaired cutting.insert is a central cutting
SeBRED 1104 GHith e Froave: 36 Srcing pwey from dhe yegneet W rwhereas each of

oL BP0 oS TRdE it 160 6o AL TS ] e
BSOS 40 Ly OTONHRD Bl W prigovers

Se’gﬁﬁgﬂm.ZOb and the inner cutting inserts 20c is
Secured to the segment 104 with its groove 36 facing

t owar dsWhbe mifl@gnert cri@lés_haﬂtqmﬁ{é éﬂtﬁhg Rkl @0a 20b, 20¢, 20d of
crankshaft 106, the cutting inserts 20a, 20b, 20c, 20d

eagh segment 104 operate]l 0u goyrer seciommofjiheaanlesbiftot(6. oThé beo extreme
crankshaft 106, The two extrenme outer cutting inserts

OWerCHng mieats Hacwill thrgcheekn éolﬂ‘s thed6r seetianp4ll 44adda portion of
th 30} sBrtiom b1 ipcephbecti wiection 1A e éwe 2&%&@5 inserts 20
mijf e 25 SEhoRR 3BT pPmiP o 2007 50 Ein: WY aiacent the 45° section
j | . | h 0 L .aqlhe t .

1P BRHATE 5 oot D S alot 1 D08 SEAET ke sty tier cutting
i ' f ' ; ' .t he .,30.

indls PR BRI scblihe P20 S s Bonta oL Y RE R T13 Hjpcent the
30°hecifn 326t bﬂ@ndﬁ%@otégﬁm At %aﬁ“&r%y' %ﬂg‘ﬁ% 'd0°%0tion, and the

d the corne

mlls the upper secti 116 and 1 sectl1ons
cehfe8l cidtting ligsert 20d ghitlkhd Wper sectivh!118CarRPHeCEdBtE kctions 118 of

that the way in which the cutting edges
the mini-cheek 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.



20 slope relative to the nedian pl ane M provi des them
Wi th an inherent positive axial rake, thereby naking
the cutting process nore ef¢icient. Al though the
present invention has been described to a certain
degree of particularity, it should be understood that
various alterations and nodifications could be nade
CLWIM$ut departing fromthe spirit or scope of the
i nventi on.ais 25 hereinafter clained. 12 CLAIMS: 1. A
Lt angdsneeniial SyttmedgsertoBmisighpr i sing: first and second
RO cEROoFUIRCER aRfhcs RS 'aﬁ%?ii:ﬁ&raﬁh € sﬁfﬁlﬁ@&ﬁ nding
extending therebetween; first a econd perip eraf
thexsliefmsen;r espectively, formed at the intersection of the

first .and second end,surfaces. wth th eri pheral. . si
Bt SR el By FERCT e dorad, Bithe BtESRsioR) Stine

firsEtgPs bR fA8 Qith kK hdripheRUGRIE sBifadeS atleaf RS cHiAPYthe
in the@gerl pheral side surface extendi ng between and

first prripherat ed geforningfa major ewttingedgshd end surfaces at
.. sald second edges. ~form.ng,.m na
AEPRE ek BAACR el pSAFRENL, PO Shred SRR, BBhrery and
intepdedingy tteWirs0ind bofidehd 8@ fides af becondarl &dgés, khi€l sebdridSédges

peri pheral .edge is generally concave; characterized in
forppgmingr giting gdgsSew of the cutting insert the major

| i i £\WQ: StF A Li ne. '

ol S 4 BRI 8D I8 NALEE ' GioR Il BPtenct the
first pargphetal edgeds penarglly cogeate; according to claim 1,

erein in the first and second opposing side views

t%vﬂ%a%{?ﬂ?eé‘a@ttn?trﬂé‘ i ?ﬂéf"’ﬁ%fr‘?fﬁﬁﬁ rcgttmgdg%ertgﬂwéﬁagr Gutfifg edge

nfprfs8d twPdFhi S8 GRR ' ) t he
e sﬂecsonc‘iv endl%gi nt %?13(2%%8 %gié%p%%(f%%gf)gt%%)eagwﬁ:ggl%vﬁ pl ane

(M of the cutting insert than the first end point

2. e Bineg SPRAENRSAL afdtdint Jp oS | ARG o Thgr et and
sechf 6PpobiRl st iEws AR at NRsBthe HERADEripINGall ddes bxRAAI PUREA first

edge, the m ni mum SJoi nt (Q being closer to the

andrfegreinendl poiets (R, ¥2) theecofuthe iseepnidrepdrmointHX2) being closer to a
median plane (M) of the cutting insert than the first end point (X1).

3. The tangential cutting insert according to claim 2, wherein in the first side
view a minimum point (Q) exists on the at least the first peripheral edge, the
minimum point (Q) being closer to the median plane (M) 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.



any other point on the at |east the first peripheral
edge and al so being closer to one end point than the
other. 4. The tangenti al cﬁ?ting i nsert according to
claim3, wherein the cutting insert is provided with
a through bore passing through the peripheral side
surface. 13 5. The tangential cutting insert

5. acc®hditangentinl cutting idserivhaosding td elaithrdy wgterdintiee thhagzhabore

axi s. cont ai,ned in t.he mnedi L ane (M. of the
hashiy i Bl 8 thelahedit RGeS LAY pBiHe BByt an
annul ar cutter body having a plurality of identical

segnents _equal | y spaced about an inner circunference
6. of Bhemilliget equtigodpomprising s eapnearntiaryi egtes evhody c thavingg a

' r Lh accordance wh,.th claimb secured thereta.
oA ok o SRR Elliy pfef g of Tt Siretirdied of the
cuttel o8 @V &fth GéfrinkMOhavin}s Sdves AARinPaidBer&e@NBRbrdah& with claim 5

arranged three pairs and a single unpaired cutting
secpreddheretog  The il | ng cutter according to claim?7,

wherein in a first of the three pairs the cutting
inserts are | ocated on opposing side faces of the
7. segibat milling acter oactonding hto  ddime e, pavihesint hfe csdvieh ngutting
. inserts are |located on the inner face of the segnent
InSGHS 91 SIGR Segment REF ATANEPh fires RArsANd A Rgle HipayRd cultigg insert.
face of the segnent and the other cutting insert

adj acent the opposing side face of the segnent; in a

8. t hi The viillinp sutt¢rrageorgamigrte claimne/, sietdimin a firss ef the thwee pairs the

o LA oo 05 e b 5 TR
thrée\efstthd Suttifg aisels SréhsdaAdt dttoYinfdradeyoMft WSk REHL MR of

.. side faces of the segnent. 9. The mlling cutter
the gogtbidingeytst asliadent onesideviaceaifithe kegméntighd thepthier ewfting insert

. ' Lnsert i.s._segured to the,s t Wwth.it .
it (8 SpptliRE Sl e PP BN ShmeRe IE BT it o spine
insérixeare Ubdatedgadjsvear 4 me@fantplend (M) &F tiRAtdptneaf of Yithdri@de thereof:

inserts is secured to the segnment with its groove
andrthe single Wnaked cythag ysgitdnhlocated substantially midway between the two

side faces of the segment.

9. The milling cutter according to claim 8, wherein 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.



