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This invention relates to apparatus for breaking chips in netal cutting.
BACKGROUNRY&bs/3its | NVENTI ON In netal cutting, particulBFU869800933t hi ng
of ductile materials, continuous chips are usually generated. Such

conti nuous chi ps cause seri ous difficulties in operational safety, chip
di spo&al and qual i té contraoal. & e gachi ned wor kpi ece surface. -Mre
serious RAT, use.- unpredictable jans in the cutting
process, whi ch prevent automatlon of machining systens. Therefore, in
metal cutting it is strongly desired to have the chips generated in

di sconti nuous forms. Chip breakers for netal c¢utting processes are
devi ces Eﬁ F’TI—iéEﬁ@VENQ‘IGN ps into snall pieces. Two types of chip
breakers ave een proposed in the prior art.- obstruction devices
separate froma tool insert, and conbi natlons of grooves and obst acl es
formed on the rake face of the tool insert. Duri ng metal cutting
processes, such chip breakers work to bend the chip after it has been
gener at ddis inNentionalagesiie aprarats dor h’f‘?@klﬁﬂlé'@@dﬂén?thla‘t““ﬂ% chip is broken

during cutting and chi p breaking can be achieved only in sonme nachi ning.
conditions. It is very difficult to  predict whether the chip will be
broken by these chip-breakers froma set of given machi ni ng condi ti ons,

that is, W?ﬁ JqoN e used in netal cutting; it is
uncertaiBn gth egcﬁl p V\AF break. Further, when chips are broken by such

chi p breakers, the chips usually fly in many directions and these still
cause difficulties in operational .

In metal cutting, particularly in lathing of ductile materials, continuous chips are usually .
generated. Such continuous chips cause serious difficulties in operational safety, chip -
disposal and quality control of the machined workpiece surface. More seriously,-
continuous chips can cause unpredictable jams in the cutting process, which prevent -
automation of machining systems. Therefore, in metal cutting it is strongly desired to
have the chips generated in discontinuous form-s. Chip breakers for metal cutting processes
are devices I;SCd for breaking chips into small pieces. Two types of chip breakers have
been proposed in the prior art - obstruction devices separate from a tool insert, and
combinations of grooves and obstacles formea on the rake face of the tool insert. During
metal cutting processes, such chip breakers work to bend the chip after it has been
generated. These chip breakers do not make sure that the chip is_ broken during cutting and
chip breaking can Be achieved only in some machining conditions. It is very difficult to
predict whether the chip will be broken by these chip breakers from a set of givén
machining conditions, that is, when these chip breakers are used in metal cutting, it is
uncertain that the chip will break. Further, when chips are broken by such chip breakers,

the chips usually fly in many directions and these still cause difficulties in operational

-
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control of i{la%gd wor kpi ece surface qual i ty and chip di spesgk;,s,oooﬁ

Furt her no of these chip breakers weaken the tool cutting edge amrd
consequently shorten the tool Ilife. Typical exanples of existing chip
breakers may be seen in patent specifications nunbers US 5193947, SU . :
1704939, WD 9427769 and WD 9511102. OBJECT OF THE | NVENTI ON It is the
pri mary sefefye conwél afheadhinedmvorkpiece sprface gimlignaidwglip desgosahi [Fubthemkomg '
apparatus. SUMVARY OF THE | NVENTI ON According to the invention in the

first aspmelofthaeanirhRER: dRekaPBRT s cdpeonlliBislbity slidked B4

cutting process in which a c |p I's parted froma workpiece by a tool at the -

r-U

SMenl o MR otyBleal i Ral SRk

P s BregRes oy H e B B L SRR o0 (e

shear. plane until fracture occurs at the shear | ane and wherein the | ever
f or mi ng NHEWEE U8 P3P5 %Y Shh 1704939 WQ 9423769 and, WikhBM 1182be inclined to a
cutting edge of the tool. Preferably the arcuate surface is a two :

di rensional ly arcuate surface for .exanple a section of a cylinder.

Al ternatively, the arcuate surface may be a three dinensionally arcuate
sur f ace d@yEcex @ TAEANRAR TN Of @ sphere. The arcuate surface may

provi de the function of a pivoting surface for bending a said chip towards
a reaction surface and formng a fulcrumpoint in contact with the chip, a
gw di ng

It is the primary obj-ect of the invention to providc an improved chip breaking apparatus.-
SUMMARY OF THE INVENTION

According to the invention in the first aspect there is provided apparatus for breaking chips
in a metal cutting process in which a chip is parted from a workpiece by a tool at the shear
plane of chip formation, comprising lever forming means for forming a chip into a lever for
exerting a force to increase shear strain at the shear plane until fracture occurs at the shear
plane and wherein the lever forming means comprises an arcuate surface arranged to be

inclined to a cutting edge of the tool.

Preferably the arcuate surface is a two dimensionally arcuate surface for example a section
of acylinder. Alternatively, the arcuate surface may be a three dimensionally arcuate

surface for example a section of a sphere.

The arcuate surface may provide the function ofa pivoting surface for bending a said chip

towards a reaction surface and forming a fulcrum point in contact with the chip, a guiding

>
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PCT/ SG98/ Q0033 3 surface for
gui di ng t e, sMdikzd © fl ow towards the reaction surface and @CIVSishbI
restriscting ~surface for restricting sideways flow of the chip. Lever
means may conprise a plurality of arcuate surfaces and several |ever neans
may be disposed as part of the same chBp- breaker. The chip breaker may
be fofned together with the cutting edge of a tool insert and several - -
cut t i ng sederesforgyiding therdhim tedflowttowardsabé réactien surface lant anvside) flavsxesiristiog

chi p breaking apparatus. According to the invention in a second aspect,

t here |§uﬁ£&virog%§tﬁd@m§r§dé¢§aygqrovpbpgigé)gp chizps in a netal cutting process -

inwhich achipis parted froma workpiece by a tool at the shear plane of
“chip formation, conprising |lever formng neans for formng a chip into a
lever for exerti ng a force to increase shear strain at the shear plane
until fracture occurs at , the shear plane an? wherein the | ever formng
means c&#¥en Beanspay FempRie & plurality of aranatrosiriaces ansh spvarabiayst Mmegns HW&R% for
bending a said chip towards a reaction surface and formng a fulcrum point
i n cont alispoved 45 parcoSthiedameighip bregkerdi ng surface for guiding the said chip
to flowtowards said reaction surface and a side flow restricting surface
for restricting sideways flow of the said chip. According to the
invention in a third aspect, there is provided apparatus for breaki ng chi ps

ool at ket bightes Bl B Sorlb B il e CRUREPOEE oA SO0 Bty R RGFreP

form ng -neans for form ng.a chip intg a lever for exertlng]a forcge to
i ncr eas SubingAdges ay rbeeaomlwdsmﬁ topldnsert each haying assgciated chip breaking

apparatus.

Acéording to the invention in a 'secbnd aspect, there is provided apparatus for breaking
chips in a metal cutting process in which a chip is parted from a workpiece by a tool at the
shear plane of chip formation, comprising lever forming means for forming a chip into-a
lever for exe.rting a force to increase shear strain at the shear plane until fracture occurs at
the shear plane and wherein the lever forming means comprises an arcuate surface arranged
to form a pivoting surface for bending a said chip towards a reaction surface and forming a
fulcrum point in contact with the said chip, a guiding surface for guiding thé said chip to
flow towards said reaction surface and a side flow restricting surface for restricting

sideways flow of the said chip.

According to the invention in a third aspect, there is provided apparatus for breaking chips
in a metal cutting process in which a chip is parted from a workpiece by a tool at the shear
plane of chip formation, comprising a plurality of lever forming means for forming a chip

into a lever for exerting a force to increase shear strain at the shear plane until fracture
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PCT/ S8/ 00033 4 occurs at -
t he -shearw I9§)g?436 In the described enbodi nents of the i npepséesmooxs shear
pl ane fracturing nmethod for chip breaking in nmetal cutting is disclosed>
In this nmethod, the chips generated in netal cutting are broken by

I ncreasing the shear stress and thus st4ain at the shear pl ane of chip
formation unt’ti)tg fﬁactYre occurs at the shear plane. A leverage chip

br eaki n§CABHAIAE 1192 P!#Cso di scl osed in which the chip is forced to break
into smal | pieces by a process which forns the chip as soon as it has been
generated fromthe shear plane:into a lever of curled form i-n which the
head of the chip is the load-lifting point receiving force froma fixed

body, . t fiptecib@fiedRaibdabeitd of @l Mvaittbnl ASheir\Mrie Baddrifzemethotier ehipp

breaker is the fulcrum and the root of the chip is the force-exerting

201 Rk o] SR A oS B R S o

t he described enbodi ments_of the present inventiﬁn $reaks t he chips
gener at 8¢ tyaksmby mereasing the shegr strewscanddhus staingt tg shearmlagg ok eiPng, bori ng,
parting and other netal cutting processes in which chip breaking is

requi r eformatiommati] fractimenccinsres thé sheanphanei g leverage thiprireaking approgclt kse

wor kpi ece material properties, cooling conditions, cutting speed, feed

rate angisgd@pclbsed irf Which! te @hp R fordel 86 feak MnfointEl PHikcds®BySa Pf&@s@ﬂrﬁic‘ﬁi rcle
of small radius. The chip bréaker guides the broken chips to drop gently

fromth i flank.to t ' - t ' he
opor at i e e Bl sonRiAF i, hen BkialeA dprk it MRALRAR, i 4 et Srthis 0
efficiency are _ensured. The chip. breaker reduces the force acting on the
tool cufQrihdn Sfdch 139 hepd, of thy ¢ 13 thedeadrliftingpaiet fteFFéVWSJPchafR‘gnﬁafg’é‘?dn -
reduces tenperature at the tool cutting region by reducing cutting force
at t he body, thekenticidbetveeed thy chipransikiha pivdiing gilanesofithe ghiprisrbaker asithe
consequently reduces the tool wear rate and increases the

fulcrum, and the root of the chip is the force-exerting point exerting a force acting along

the shear plane to increase the shear strain until fracture along the shear plane occurs.

The chip breaker of the described embodiments of the present invention breaks the chips
generated duﬁng metal cutting processes including turning, facing, boring, parting and other
metal cutting processes in which chip breaking is required, at most combinations of .
machining conditions including the workpiece material properties, cooling conditions,
cutting speed, feed rate and depth of cut, into small pieces in forms of less than one circle
of small radius. The chip breaker guides the broken chips to drop gently from the tool main
- flank to the container of the machine, such that the operational safety, machined workpiece
surface quality and chip disposal efficiency are ensured. The chip breaker reduces the force
acting on the tool cutting edge by sharing the force acting on the tool rake. face, feduces
temperature at fhe tool cutting region by reducing cutting force at the tool rake face and by

breaking the chips frequently, and consequently reduces the tool wear rate and increases the

-
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The -chip breaker works with inserts of all kinds of shapes hed es t he
need . f orWOBRE3Pi es constructed on the tool inserts for cﬁﬁggﬁ%dfﬁ%g

pur poses, such that the cost on tool inserts can be substantially reduced
by using flat rake face inserts rather 8han inserts with conplicated
geometry at the rake face. The breaker may-be constructed with the tool

i nsert, tobhlifehi Tle ¢Hip bedakpr voskakwith hedits iof afl dimdzcbfoshapdseandosiiviateskthefreed .

BRI EF DESCRI PTI ON OF THE DRAW NGS Enbodi ments of the invention will now

be descf %@ﬁn\e,\ﬁﬁg E@Ystx‘ﬁfctlglﬂﬁnﬂ% %ol‘%&ﬁsrﬁf @ﬁl?ﬂﬁ@al\lix%omﬁxﬂﬁsécm%’ fl1|@g:ost -

dr awi ngs, “I Glis anillustration s g the genera

principle, of .t he shear pl an racfuri net h or. chi regking used in
Phe or RUBIA0! fsoin oRC stbstRalin Feduced B el A g fade okerty Talber ety T uct ure
of a chip breaker using the principle of FIG 1 for turning with a_

r ect angiaberts vighycompleated geometryGatathe gake fae.s Jbe traaker/mey befcoasteunitesd withaker
showi ng a variation of the chip breaking body of the chip breaker as shown

i n Fl G le tool ifdetd, 4n which therchiiebleake bdd?\/ls fdrnedCdnl the hoslakks f&RBOW ng anot her
variation of the chip breaking body of the chip breaker as shown in FIG 2.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by way of example, with reference to

the accompanying drawings, in which:

FIG.1 is an illustration showing the general principle of the shear plane fracturing method

for chip breaking used in the present invention.

FIG.2 is a perspective view showing the structure of a chip breaker using the principle of

FIG. 1 for turning with a rectangular tool insert.

FIG.3 is a perspective view of a chip breaker showing a variation of the chip breaking body

of the chip breaker as shown in FIG.2.

FIG.4 is a perspective view of a chip breaker showing another variation of the chip

breaking body of the chip breaker as shown in FIG.2.

FIG.5 is a perspective view of a chip breaker showing another variation of the chip -

-



FIGS5 is a perspective view of a chip bfeaker showi ng anot her variation of
the chip WD 98/ 51436 : T ,
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body of (WR%¥kPB6 br eaker as shown in FIG 2. FIG6 is aPper spective view

of .a chip breaker show ng another variation of the chip breaking body of

the chip breaker as shown in FIG 2. gFIG 7 is a perspective view sim|ar

to FIG 2 of a first enbodinment of the chip breaker -according to the

pr es.entbrédkii?”'ﬁddsﬂof the chipCbrefker %is 3howh $PEIGRVe view.simlar to FIG 2 of a
second enbodi nent of a chip breaker according to the present invention.
FIG 9 is a perspective viewsimlar to FIG 2 of a third enbodi nent of a
chip breaker according to the present invention. FIG 10 is a

perspective, view of a fourth e di nent, of. a chip breaker .according to the
pr esentt 10 isra pefapective ey o &$’§%‘%§F§B‘é‘8’&’&?&°’x“}€% 1ol th?ﬁ? ﬁfu@nbodi nent
of the chip breaker according to the present invention in which the chip
br eak erbredkinghbodyr efsthatchimbreaker as shewnioWiGiZn FI G 10 is constructed and
formed together with the tool. FIG 12 is a perspective view of the sixth
enbodi nent of the chip breaker according to the present invention show ng
a multiple cutting edge tool inserts having conpact chip. breaker

FIG.7 is a perspective view similar to FIG. 2 of a first embodiment of the chip breaker

according to the present invention.

FIG. 8 is a perspective view similar to FIG. 2 of a second embodiment of a chip breaker -

according to the present invention.

FIG. 9 is a perspective-view similar to FIG. 2 of a third embodiment of a chip breaker

according to the present invention.

FIG. 10 is a perspective view of a fourth embodiment of a chip breaker according to the

present invention. ' . ;

FIG.11 is a perspective view of a fifth embodiment of the chip breaker according to the
present invention in which the chip breaker of the present invention as shown in FIG 10 is

constructed and formed together with the tool.

FIG.12 is a perspective view of the sixth embodiment of the chip breaker according to the
present invention showing a multiple cutting edge tool inserts having compact chip breaker

cutting tools as shown in FIG.11.
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DESCRI PTI 544:511_%'5 EVMBODI MENTS OF THE I NVENTI ON During gdipdysnoeessti ng
process, own in FIG 1, a chip 1is formed fromcutting off a |ayer
of material 2 fromthe workp| ece 3 by the cutting tool 4. The chip
formation is a process of materi al vel'bcity di scontinuation, in which the
| ayeraof the work material to be «cut is forced to change its noving
velocity froma velocity.indicated by vector-5.to a veloci ty i ndi.cat ed. by
vector 6 within a narrow deformation zone 7, the so called "shear pl ane"

At the PESORIPTION QPQ'HEBMB@DQMENRWTHE BhEaMTRONessed and strai ned,
and is formed into the chip flowing along the tool rake face 10. In a

metal cutting process, the shear strain at the shear plane is a constant
when the tool rake angle and the shear angle (the angl e between the
cutting _direction, and the shear pl ane) re unchanged. D| fferent erials
of the WFiREaweta} é‘é‘ﬁaad’r%eﬁﬂfséﬁéﬁﬂ"? th £18He 2 Sl ajced dYoms RBPEIF &1 n at
the shear plane. A brittle material tends to fracture at the shear plane
af t er utayer gbnmateriahRyfrem sheivorkpherar3 by the enttimgl tood #s ebheechtip Yorimation is a

di sconti nuous chips. Therefore, in cutting of a brittle material, such as

a cast ‘pfd?:@ss Ghﬁﬁféﬂhl @1@@1@ &i?édihﬁnﬁétﬁm %%idhﬁhgqfdﬁf aF aft work ﬁ.ateﬁabfcﬁ&kl ng
is not a problem A ductile material tends to fracture at the shear plane

Ctrain PO b e SPERRI8 o Rpr VoRRISIRATA UERK RO s B 3B "o e

material, which_ is a function of tenp erature and straln rate in the
cuttingVe logity indicated EIX:(YF‘P‘PWWIG%%%@&V ¢fpiseation\zopf htherse ¢alledesbiair e and
increases linearly with the |ogarithmof the strain-rate.

plane”. At the shear plane the workpiece material is shear stressed and strained, and is

formed into the chip flowing along the tool rake face 10.

In a metal cutting process, the shear strain at the shear plane is a constant when the tool
rake angle and the shear anéle (the angle between the cutting direction and the shear plane)
are unchanged. Different materials of the workpiece respond differently to the same .valuz",
of shear str;.in at the shear plane. A brittle material .tends to fracture at the shear plane
after undergoing only a small shear strain and consequently forms discontinuops chips.
Therefore,. in cutting of a brittle material, such as a cast iron, discontinuous chips are
usually generated and chip breaking is not a problem. A ductile material tends to fracture
at the shear plane only after it has undergone a lérge enough shear strain. How large a
strain is enough for the fracture to occur depends on the ductility of the material, which is a-
function of temperature and strain-rate in the cutting region. The ductility decreases
linearly with the temperature and increases linearly with the logarithm of the strain-rate.
This nature of the material properties means that ai low cutting speeds the ductility

decreases with increasing the speed (due to the domination of strain-rate effect), and at high



This nature of the material properties nmeans that at |ow cutting speeds the
ductility decreases with increasing the speed (due to the dom nation of -

strain-r t), and at high WO 98/ 51436 PCT/SG98/00033

Sor s G eEslast) | 8 cutting
speeds the ductility increases with increasing the speed (due to the -

domi nation of the tenperature effect).8That is, the value of shear strain:
| eading to fracture at the shear -plane varies w th workpiece material '
ducti | i tyttingispeeds sheadiaility insreasés withtinereasingsbe spredr(dpedo theademingtion of| | t he
val ue of shear strain leading to fracture at the shear plane is lower in
cut ti ng i fefhperabite |ei9f€ét?].0 OhREdsSthetvalidofCshelr siGimicadiagtto drachn anthe sheamuse
the cooling "reduces the ductility of workpiece material in the cutting
region. ol ReSBRES fitn \%&k@ﬁ&é fn?g:rﬂf du&Hﬁ# \HEc R eSfundich of Hﬁﬁﬁ%‘?ﬁéed.s'[lfcﬁ" the at
the shedf pl'aneé due 1o I'p'tTormatiron 1s not |arge enoug 0 cause
fracture, and therefore cantinuous chips are usual enerat ed, al t.hough in
cuttingSyne é‘%ﬂﬁ%‘qlva‘gﬁ dakvg 02. tsil%ﬁrs‘t‘\ﬁl“c isading te fgetyre %ftt{l%/ 5@535 Qﬁaﬂe 1§ 1SR els
fracture may occur at the shear plane and discontinuous chips may be

gener at edtting willhe ceblentr companedl for imceuttinghyitheutreoebolant, beicayseshe gkolng t o be
described ains to break the chips generated during netal cutting processes

at all paRRbNHRUVCRRE! d8f Wotkpiet® ambkéHa® 36 thef cuttihief fepioAN B Szendral,lift cofiidg of
material properties, "cooling conditions and cutting conditions, by

I ncreasin I n |t ' 0. ars | or

wor kpi o Suls BB b b st o8 WEF et B o'ty i kpfhctoR'iTRL Bl

what ever a value is_necessary to lead to fracture at the shear, pl ane.

The i ncreBaughig Hse frectuteeand terelpre QORHnURuS RS AR Y ¥ {8FECTIR P'éﬁ%l@ﬁr'p

br eaki ng approach of the described enbodi nents of the present invention.
The appreuoting dfsome heindened isteels|witl coolifigeorcatilpw Tuttingfspeeds| fragioreemay @gchrr $m
the primary deformation zone (the shear plane 7) and is secondly deforned
al ong i tthe HRGK piafie GAM dREéntiubls tHiPs hiy! be gdperatedce 10 by friction at the

The shear plane fracturing method for chip breaking to be described aims to break the chips
generated during metal cutting précesses at all machining conditions, regardless of
differences in the work material properties, cooling conditions and cuttil"xg conditions, by
incree;sing, in addition to the shéar strain due to chip formation for workpiece material

' rémoval, the shear strain at the shear plane to whatever a value is necessary tq lead to

fracture at the shear plane.

The increasing of the shear strain can be provided by the leverage chip breaking approach
of the described embodiments éf the present invention. The approach is as shown in FIG.1.
The chip 1 is firstly generated from the primary deformation zone (the shear plane 7) and is
secondly deformed along its back in contact with the tool rake face 10 by friction at the
“tool-chip interface. The secondary deformation causes the chip to curl up ( because of

surface expansioﬁ at the back) and flow away from the rake face. Driven by the chip



tool-chip interface. The secondary deformati on causes the chip to curl up (
because of surface expansion at the back) and flow away fromthe rake

face. Drily he chip - WD 98/51436 PCT/SG98/00033

PCT/ 8“698/‘663%@}/43% : 9 generation
at the shear plane 7, the chip flows and then curls further when its head
11 reaches the first fixed (on the-tod) plane 12, caused by the force
fromat he shear plane-7 - act i__,n? on the root. 8 of the chip and.the reaction .
force f gererationrat theshkeat plage Inthehehip dlowvsiand then eurls fwther wWiree its hepd Hhen 1 ows
up until its head 11 reaches the second fixed (on the tool) plane 14. As

soon  asrdaBReshBadiraffiedqos MidtooBasiags 1D cansedly the foradidmnhd shieae planeri pl ane
14 acting on the head 11 of the chip will work together with the force from

Lo Bl A 5 PR 0l L Uk, (26 S, o,

I us. an-are, wth slight

elastic spring back in its front portiaqn wth its sigde-flow (causgd by
the si def therghipr Theehiprthey flgws iy vléétlﬁﬁ%?ﬁggq Hﬁaélﬁ% ﬂlerﬁeFﬂ‘f ﬁ%%‘iﬁ?‘('bﬁ‘eﬁﬁgﬁ
tool) plane 13, until its head 11 is stopped by the fourth fixed (on the
tool) phphne 19. Assocnomsrtheaheidef thei ghifl reachesiplanepl 4 e réactipn foice frama pdanel, i t
acts as a lever of curled form in which the head 11 is the load-lifting

poi nt T 32%@:&1@% hd REAAE 1T 601Ke RhRilD wokl Bogeftie a6fh the F6r68 Fonk e sHeap planand
plane 12 is the fulcrum and the root .8 of the chip, joining the workpiece

3 at the shear .pl ange 7., 4.8 4.0 -e  j ' ' f.or
addi t1 ofghok oh tBOCH B8 S gl do 0 b 1O, ARlelizofft SE S ety BB
fracture occurs at the shear p| aﬂe 7. . FIG 2 shows_.a chip br egker . :
const r uchipcthem flaws elengrancari Vihshghtalasic Bpe bask imils fratution andpiith I5; |,
breaker 22 is clanped together with the tool insert 18 on a tool hol der.
The botiderfidva¢auded lof tHehsideshirbohtheattdp) being restisteddunt theithivd tfixed(akdhd ace 21
of the tool insert. The clanping face 17 of the chip breaker is in contact
Wi th the,qy paRe 98, dktf? itsAlad 19!id @fopped by the fourth fixed (on the tool) plane 9. As

soon as the chip 1 reaches plane 9 with its head 11, it acts as a lever of curled form, in

which the head 11 is the load-lifting point receiving a force from plane 9, the contact

between the chip 1 and plane 12 is the fulcrum, and the root 8 of the chip, joining the

workpiece 3 at the shear plane 7, is the force-exerting point exerting a force additional to

the shear force at the shear plane for chip formation until fracture occurs at the shear plane

7. . L] L)

FIG.2 shows a chip breaker constructed in accordance with the above for turning processes.
The chip breaker 22 is clamped together with ﬁle tool insert 18 on a tool holder. The
bottom face 16 of the chip breaker is in contact with the rake face 21 of the tool insert.
The clamping face 17 of the chip breaker is in contact with the clamp of the tool holder
(not shown). The chip breaking body of the chip breaker is adjacent to the main cutting
edge 19, and comprises a pivoting plane 12 which is inclined to the tool rake face 21, a

side-flow restricting plane 13 which is approximately perpendicular to cutting edge 19, an

-



(not shown). The chip breaking body of the chip breaker is adjacent to the
main cutting edge 19, and conprises a pivoting plane 12 which is ing¢lined
to the tgehogaf@eface 21, a side-flow restricting plane IgcmbcosRs
apprOX|nater per pendi cular to cutting edge 19, an WO 98/51436 -
PCT/ SG98/ 00033 10 up-curl
gui di ng plane 14 and a suppl enentary ré&Bction pl ane 15. Duri ng cuttlng t he
chip - grows fron1the shfar pl ane, and fl ows al ong tge topl. rake 21 °

t owar dsUpbFéhEuGIngGPlaph ¢4 apdasupplemetary fractionplang leuPurtig eeing ¢ it i on
and thermal expansion at the tool-chip interface and a side-curl caused by
di f f.er egrows from ttheesheat plan@bhnd flows\addngciheitesl rakeofige 2hdowanisiplanet 13 nfjthedge 19
and tool nose 20. Once the head of the chip reaches plane 12, the body of °

the chi ghih Hr&aRBL mvxﬁx”& tpleud lahlpseﬂs’oyf R1ch6H ah® t}fe‘r&hhl é}!ifahﬂ@ﬁ at! HleV‘(GSPCI’ub flows
over plane 12, 'wt corrpressed el astlc and pl asti ¢ deformati on on the

i nner - si of the [ nd t an | asti.c f on the
out o - oiriFEteae 2R g sdfour st BY differeisS 3 ufe PARHR ASY LIRS IR B8, O,
the plastjc deformation on the two S|des of the chip. The plastic

def or mafRBCutiing edgeclfoand topbneser 2Qd Opre the lgad 1of éh‘i:?hlb fF#‘é?ﬁ’-i Blaesildgthewy t h

the cutting continuing, due to the side-curling of the chip formation
pr ocessbodyhef thhichip is bents land tieudiip is fateditoscutbfunthet hp witenfit flowrs lower plaaee 13,
and the side-flow of the chip is then restricted by plane 13. The curled

chip wiij wiae @oﬁbﬂ%‘éeﬁ@a‘éﬁ& ‘aﬁd ksé%ﬂb tdéﬁ)rﬁxﬁhéh Bh Ql?é‘i%elzﬁdé‘ of tﬂeh@lﬁl hhPvsilelown’

t owar ds the too mai n soon as the head of the chip has reached
t he t ool

the sonplastfEad @s%ﬁcvdeeiwg*w%a&% bfeiis e B £ Tpb divets BRbERRS R 200

Is then acting as a |lever of curled form in  which the head of the chipis
t he | oaentiing.tithe §igger the nlﬁéléldstqugﬂaaon@ndbe fvosidenef th;othpl ahe plastiee 23, the

contact between the chip and plane 12 is the fulcrum and the root of the .
chip, d¢fommatjoni wil preeentwiiekirkedeshape bfi éhesdhdm fropl epening. s Withetheauttengexer t i ng

poi nt exerting a force additional to the shear force at the shear plane.

hase, oEape ] e 1 N ey, o i | e
that a side of the chip reaches plane 13, and the side-flow of the chip is then restricted by
plane 13. The curled chip will then flow outwards from the chip breaker 22 and then flows
down towards the tool main flank. As .soon as the head of the chip has reached the tool
main flank t"ace 23, it exerts a force on the flank face 23 and at the same time receives a
reactive force from the flank face 23. The chip is then acting as a lever of curled form, in
which the head of the chip is the load-lifting point receiving a force from the tool flank
face 23, the contact between the chip and plané 12 is the fulcrum, and the root of the chip,
which joins the workpiece at the shear plane, is the force-exerting point exerting a force
additional to thel shear force at the shear plane. Since the distance from the fulcrum to the

| head of the chip is much larger than the disﬁnce from the fulcrum to the root of the chip,
the force exerted at the shear plane for the additional strain leading to fracture at the shear

plane requires only a small load-lifting force applied on the head of the chip. At this stage,

if the work material is of low ductility or the feed rate is large, the load-lifting force is not



the force exerted at the shear plane for the additional strain leading to
fracture at the shear plane requires only a small load-lifting force

s

applied %%£§4§head of the chip. At this stage, if the wgidgdtvgetesal is of
i '

| ow duct y or the feed rate is large, the load-lifting force is not
WO 98/ 51436
PCT/ SG38/ 00033 11 11 | arge

enough to open UE*the.curled.forn1of the-chip before the chip acts as a
| ever tlergesugugh o epen pnethgteurlpd forme of thet chip before theechim aitpias adeven terdause i s
of high ductility or the feed rate is snall, however, the chip once has

been gdretuat atlthershoart flanes hdf thepiarkpicte dndiexil iHwf Righnductiliy 6f tHehfeed Rite is
breaker, is restricted by both planes 13 and 14 to fl ow up then down

t owar dgmafin Gowedr, the Q:ﬂgzr onte 158 %eﬂ?;éﬁ%}gteﬁ rﬂog? “feh ! e%ﬁélaﬁ@ ?xﬁ‘fcb Bt @ﬁalfakén k

face, it acts as a lev exerting~a torce ar plané. as tescribed

I n the ab . In .cases |ike.this, there ar t possi bilities of breaking
t he chilg ‘gt/tﬁf ﬁélpsfp{g Tdf & .ICtF‘h %é{tbqrﬁﬁEFaﬁ%Sa@ BF‘Y\ﬁf‘iéo 319.%% theny %ﬁ’&“ towaraﬁ i ng
force required is not |arge enough to open up the curled chip before the

f r act urthe toot flank, Astseon s pharehip Hised has keanhedsthd dlnok iflceg iti avts ea dweve cases
with low ductility of workpiece material or large feed rate. O herw se,

the curekeinghi forod dtlth® sheapphad adlebéiibied in tReaRRRNIINGales 1HOBRE thdp¥ aft ane
15. As soon as the body of the chip, which is on the load- [|ifting side of

the le , ] e feiLet]on far bet ween
the | onrb poRdEiLfiEoCr odaRnge fap ot UaE Shalh planB” 1Poc it RAPPEIne AiF o BT
The leyer W.ll then ,exert. a further force fromthe root of the chip to the
shear ATURE TR FAAUHPd, S Rotderge cnpugly to phen unse-murled chip befarecths dragtare he
fracture has occurred, the chip will break at its root, the forces acting
on t he ogeirp the Ichipdwilbhbp broken s desaribedin theyahoye easeshwith bpondnetilitpgpfand -
breaking will start. The broken chip will theh be pushed at its root by

t he heagbrficédmareeinl oclaige febd rateN @itheivagh, thomaledchi%ill 8elopkhétip uafd Wil |
drop downwards fromthe tool flank, before the head of the next chip

22 Sl ] 0% AL SR SIS G B o
lifting side of the lever, has reached plane 15, there will be a frictional force between the
chip and plane 15, which is a further load-lifting force of the lever. The lever will then
exert a further force fro;n the root of the chip to the shear plane until fracture occurs at the
shear plane. " As soon as the fracture has occurred, the chip will break at its root, the; forces
acting on the chip will disappear and the next cycle of chip generating and breaking will

start. The broken chip will then be pushed at its root by the head of the next chip in

generation, towards the tool ﬂénk, and will drop downwards from the tool flank, before the

head of the next chip reaches the tool main flank face 23.

The broken chips generated in this way are in the shape of a "9". If the cutting feed rate is
large, there is a possibility that as soon as the fracture has occurred, the fracturing zone
which binds the broken chip and the new chip growing from the shear plane will be pushed

out by the new chip and broken on its way towards to the tool flank when it is bent by the



| arge, there is a possibility that as soon as the fracture has occurred,
the fracturing zone which binds the broken chip and the new chip grow ng.
fromthe‘ﬁgg?gu%ane w || be pushed out by the new chip gite/ddoaleesason its
way towards’To e tool flank when it is bent by the WO 98/51436 -
PCT/ S8/ 00033 12 opening of
the arc formed by the broken chip and ti2e new ship. The opening is caused
by the reactive force on the head of the broken chip. At the nean tine for
t he operperjng ofighe are domaadniedthisybroken ghiplaad thhingw ship. nBw epeningnisycansadbys * a
| ever to fracture the newchip at its root (the shear plane). The new

fract ur iigreaetive fokdel orf thehebé of ltlsdﬂeld;kemhigo At Betmeadntithd Gr mbiogeﬂhg,ameng_
cycle, while the old fracturing zone is bent and broken. The broken chips

gener at ' [ ' ] - T o o1 e ' I ' body .
o the. &y iofmbd o] HEYGRES chib S0y TR Ry Bon pse leyel REFECLE BETAN BP0
Its geonefrical paranmeters, ..n many forns to syit the needs of practical
appl i cat Bh roqsf(t}{e@e%rmlﬁnegf élg’l?e‘?e“b ra?tBnH%é?nepY"'mjﬂl?ﬂitt?rP“lslé%ﬂuP‘l‘tetﬁesﬁré. The
geonetrical paraneters of the chip breaking body include (see FIG 2): -

1) the another thap besakingrayclep while ghe oidafrectring nahet isdbepi amk brogen| The bickenf t he
chip breaking body, [err], 2) the distance fromthe tool main cutting
edge t ochip§ gehattlel I8 till aR§ ate iwthe! dApEBER "cr eaki ng body, b, 3) the width
of the pivoting plane 12, "w, 4) the angle between the pivoting plane 12
and the up-curl guiding plane 14, [err], 5) the length of the upper-side
of the pivoting plane which joins with the | ower-side of the up-curl

ui din | ape,. 1,..an 6) .the angle between the side-flowrestrictin | ane
%3_ of »? e eﬁjppbrsﬁlggg(gﬂgy )BBHV %%m%{qqger as described in FIG.2 can be constructed, b)? pran

varying its geometrical parameters, in many forms to suit the needs of practical application -

of the chip breaker or to meet production requirements. The geometrical parameters of the

chip breaking body include (see FIG. 2):

1) the éngle between the tool rake face 21 and the pivoting plane 12 of the chip breaking
body, .a,
2) the distaﬂce from :the tool main cutting edge to the pivoting plane 12 of the chip
breaking body, b,
3) the width of the pivoting plane 12, w,
4) the angle between the pivoting plane 12 and the up-curl guiding plane 14, B,
5) the length of the upper-side.of thé pivoting plane which joins with the lower-side of the
up-curl guiding plane, /, and

* 6) the angle between the side-flow restrictiﬁg plane 13 of the chip breaking body and the

tool main cutting edge 19, V.

In the chip breaking body of the chip breaker as shown in FIG.2, for simplicity, the angle



tool main cutting edge 19, [err]. In the chip breaking body of the chip
breaker as shown in FIG 2, for sinplicity, the angle WO 98/ 51436

PCT/ SGO8 436 pCIistosiosoadesi gned
to be approxi rra%ely perpendicular to the tool main cutting edge. An

opti mum val ue for this angle should be teterni ned according to the chip
side-flow angle [err] which is conmmonl ){ defined as the angle between the
f1 owsdi Heis designsd torke anpreximatelnperpendieularfortheiten) maia curingrdeaaiAn o t he
cutting edge in the rake face of the tool (see FIG  2). The value of [err]

shoul d bptigairevalueddr tis Angle should be idegrined @btdrdingr taethe ehipaside-fisw akpieon
process, the chip can flow out fromthe chanber of the chip breaking body

and on_ eI emmBRrdcita s 8 L LALF Bl AShSiholol BPUSI B i A

restricting plane: verage chip breaking proc

present invention can be achieved. Therefore, an opti mym design r .t he
angl e [svﬁtrpgsrﬁslepoﬁrﬁoﬁhp mﬁéoe}has\emaa edge in the Take face 0 tlp%wpf (ste @5& 2)-err]
...... ... (1) In view of the fact that the chip side-flow angle [err]
vari es \helvalrectli Wi shouldriti detaamined smeh dlwit aduringvihe [ehiphformatitn amd breaking - t he
radius of the tool corner, feed rate and depth of cut (when the radius of

the t OOIrpFld‘cgg,' fhe ¥RIp! & fldwW BuPfrbm! e Jchgmbirgﬁtclhlé gh@i l:!fg%iﬁ%\llnvﬁﬂyo Bdod thPoffes

and dep cut varies from0.3 to 4, t angl e varies

wi thin the,tan rom 5.d es 10,7Q degree for .sinplicit t he angle
er 1) "o b 8 FHEARETS srenciel B Bueodlow ipcine plefe 3T e YovstntBanat on
(1) usi ng_ a usual value of the chip side-flow angle. FIG 3 shows a chip .
br eaker chiprbreaking pregegs of therpresentinyentionytan beachieveds fEreseforef awapti@umegr ees.
In this enbodi ment the side-flow restricting plane 93 of the chip breaking

body indéé”igncfdsl:i the dnghakershaddifsliepe tieegliagphar to the tool rake face. 21, and
the angl e between the plane 93 -

- y=90"-1 | . 6

In view of the fact that the chip side-flow-angle } varies with machining conditions,
especially with the combination of the radius of the tool corner, feed rate and depth of cut
(when the radius of the tool corner varies from 0.4 to 1.2, feed rate varies from 0.1 to 0.3
ai;d depth of cut varies from 0.3 to 4, the chip side-flow angle varies within the range from
5 degrees to 70 degrees), for simplicity, the angle ¥ can be assigned with a fixed value

which is calculated from equation (1) using a usual value of the chip side-flow angle.

FIG.3 shows a chip breaker similar to Fig. 2, having an angle ¥ different from 90 degrees.
In this embodiment the side-flow restficting plane 93 of the chip breaking body in the chip
breaker 22 is perpendicular to the tool rake face 21, and the angle between the plane 93

and the tool main cutting edge 19 is less than 90 degrees measured clockwise from the tool

cutting edge 19. |



and the tool main cutting edge 19 is |ess than 90 degrees neasured
cl ockwi se fromthe tool cutting edge 19. WD 98/ 51436 . ’
PCT/ 36984;%9983%436 pCT/sE9s0db3siesi gn
for the chip breaking body w thout having the supplenentary reaction pl ane
15 as shown in FIG 2 can be construct eqi4by properly determ ning the
geonetrical paraneters a, b, w, [err] and [err] of the chip breaking body,
using th I | Bl VB ISR RAYil 1 Van 3A ; ' ¥
br eaki ngﬁb%glfh%nggme?ﬁﬁ%lg congpﬁd ﬁgl and ?gl gt{?lée %@ﬁ‘ﬁg&%ﬁﬁgﬁf“gﬁ?&’?h‘fﬁh
that the,chip, it.flows out,.fromthe chanber fornmed by the pivoting
ane. 1 shona g RS chn be cPpSmRiey by SEerRs AR B e 2R MeAL PR ) o
hi ghly strain-hardened in curled formof small radius, thus the o
suppl enentwir yandef of ithe cluip dmeakirg bodyn using dbeleetrélatiansdetwernthp geemetigalpr ocess
because the chip under such condition will not be opened up to touch the .
suppl emepirahyteRs Gfle thipobreakifg bbay, triachiiAg S6litionst 4R faditerofake bivken khipaki ng
process ~ occurs at the shear plane. Expressions for the correlation
bet ween | C ' i chirpi ng
cond ¢ 1 e i BE5hpe MeR A6 SiCeSin bECnbat MEAAI LYo FOGng FBREIT D,
of the chip_breaking body the cut}ing.reqion,, By, neglect.i. he, el astic
spring %‘éﬁ‘:ﬂqﬁmﬁtﬁégﬁﬁ P&"Cﬁh@g&ﬁ@rggﬁllgwg el 1%/ Mﬁéaﬁrﬂgﬂ’gﬁeﬁe@m'p :
broken by the chip breaker, r, and the paraneters [err] and [errh(]i.can be
r epr esentuwlddifprm of serpliataidivs, thus the supplementary reactigreplahe 15 is whtneeded iis thehe
tool-chip contact length (see FIG 2) resulted from nmachining conditions..
chip breaking process because the chip under such condition- will not be -opened up to touch -

the supplementary plane 15 before fracture caused by the leverage chip breaking process

occurs at the shear plane.

Expressions for the correlation between the geometrical parameters of the chip breaking
body, machining conditions and radius of the brdken chips can be derived from the
geometry of the chip breaking body at the cutting region. By neglecting the elastic spring
back 6f the chip, the correlation between the radius of a chip broken by the chip breaker, r,

and the parameters b and o can be represented by the equation

@

where 4 is the tool-chip contact length (see FIG. 2) resulted from machining conditions,
namely the feed rafe, tool rake angle and workpiece material flow stress properties which
are functions of strain-rate and temperature. The smaller the value for b, the smaller the

radius of the chip. However, b must be larger than 4 to allow the chip to be generated



nanely the feed rate, tool rake angle and workpiece material flow stress
properties which are functions of strain-rate and tenperature. The smaller

t he val ug f&kﬂ?g the smaller the radius of the chip. Howg¢aiscdanoasst be

| ar ger t {5 allow the chip to be generated WO 98/ 51436
PCT/ SG98/ 00033 . 5 15 naturally
fromthe cutting region. An increase ifllthe angle [err] wll decrease the

| over agewiy Gsit il by 3Hb " AR Ga Rt kol o o Mere ORI L e,

the root of the chip tg the s r ane, _which is_ to, be . avoi ded. The
snal | erchlhebuﬁélm&,@ qu?'r WQHHWEE?J.S?,%%W thedgverigerahip breaking PEPcesh e deqirase and |

also the smaller the size of the chip breaking body. However, Wand [err]
have t othedotcaraenpomenigéxertingafromvthe rowt of the cliipdovtiishear plane,hwhichasrtebe of t he
chi p breaki ng body. The inventor has found that

b [err] ou; r] 5b ‘ S (3) and

90 [err?‘mn?f%) ' (4) The

l ength [err] has to be determ ned such that the chip side-flowis
restricted by the side-flow restricting plane 13 (see FIG 2) to be within
the limt required by the | everage chi ID br eaki ng B{gocess, nd on ,thl ot her
hand t hEhe binpllersthe rvabies ot 7% angnB.ithe smnlley the sadingof thephip andalsp dhgysmalier -
should fall in the range: dlerr]l[err]lOd

(5)  winersizedof thetdhép bredking dWody.utdwesver, B @n@ B have to be large enough to allow

the chip flow out from the chamber of the chip breaking body. The inventor has found that -

and

o< B <13° - .. @

The length  has to be determined such that the chip side-flow is restricted by the side-flow
restricting f’lane 13 (see FIG.2) to be within the limit required by the leverage chip
breaking process, and on the other hand the chip can flow out from the chip breaking body.

The length 1 should fall in the range:

d<i<10d (5)

where d is the width of cut (see FIG.2).

FIG.4 shows a chip breaker having another design of the chip breaking body in the chip
breaker as shown in FIG.2. In this chip breaker, the chip breaking body is formed by the

pivoting plane 12, the side-flow restricting plane 93 and the up-curl guiding plane 14. The

-



FIG 4 shows a chip breaker having another design of the chip breaking body
in the chip breaker as shown in FIG 2. In this chip breaker, the chjp

br eaki ng bog‘{\éﬁ éif formed by the pivoting plane 12, the si gerfsco¥/00033
e

restri ct| 93 and the up-curl guiding plane 14. The WO o
98/ 51436 . 16 _

PCT/ SGo8/ 00033 _ 16

suppl eme éfnéx‘.gﬂgtx‘e%ldﬁl fage § 5 a@%&ﬂPMFIG‘z i Eb@mbﬁxde@tin tHRCeHisI BEkaking! e
chip brea desr gn .the geonetrical paraneters of the

xpr s é.eﬁkéy” iy Sichg G, o etag e [ﬂeﬁar?fﬁ%f i B il DO B 4 407

fromthe chip breakl ng body, is highly strain-hardened in curled form of
smal | ran fsawndetesmined, wsingj exprossions Bai 6y, (42 end i(2) suctnihat the chipievhenow
restricted plane 93. Therefore, the supplenmentary reaction plane 15 as

shown i nflolWingotisfront the eRipelstealting body, islaighiystrain-hbrdehédirdeslegnfonh dffsmatihi p
breaki ng body as shown in FIG 4, the side-flow restricting plane. 93 is

not need%u;l]s”axfd"ﬁ N ﬁ{i@gip %@éa}rgo ﬂf&fsxd@ﬂ%%ﬁﬁcﬁﬂ ieigans, in

whi ch.t he chi p, en | corner formed By the pivoting

pl ane 12 u url guidin | ane hI d i,n_curled
f orm of gﬁﬁ‘i f°rg’a'3‘ﬁ§é‘p e{“ﬁ“ﬁ"ﬁéf tggxp%@vlﬁ X‘?Eﬁéazl 31‘?‘?%%]@8 n fhis ng
restricted by the si de-flow restricti ng pl ane) under the I imt required by
t he | evedssign.chi p breaking process. One of the exanples under the certain
ranges of machining conditions stated above is in turning of |ow carbon

steels at the feed rate equal to and larger than 0.15 mMirev when the
ratio of the radius. of the tool corner to the width of cut is |l ess than or

equal t OI‘EF’% %gsrgsnsas{meceﬁg% in%gl?iﬁg%ﬁ?' ab @Eoﬁ;ix(ﬂ?l-‘f(*} QMHeEFAd N6 reancmigaﬂan83 as

shown in p br ing, and it can be removed from

L? _g aggfl g?m? fgo'% ;,geeed(éckiI n? cu mg un erpa}/n }ra?lges:sl op mac]}fmngeco%{tilcj)ﬁg,ulﬂ %vh%h h@ chip, 'p

when it flows out from the corner formed by the pivoting plane 12 and up-curl guiding
plane 14, is highly strain-hardened in curled form of small radius with its side-flow being
naturally (without being restricted by the side-flow restricting plane) under the limit
required by the leverage chip breaking process. One of the examples under the certain
ranges of x'nachiniqg conditions stated above is in turning of low carbon steels at the feed
rate equal to and larger than 0.15 mm/rev when the ratio of the radius of thc:: tool cerner to
the width of cut is less than or equal to 0.5. In such cutting cases, the side-flow restricting
plane 93 as shown.in FIG.4 is not needed for chip breaking, and it can be removed from
the design of the chip breakiné body to simplify the structure of the chip breaker. This is
illustrated in FIG.5 which shows a chip breaker, showing_ another modification of the chip

breaking body in the chip breaker shown in FIG.2. In this embodiment the chip breaking

body is formed only by two planes, the pivoting plane 12 and the up-curl guiding plane 14.

To ensure the chip is broken by the leverage chip breaking method, the up-curl guiding



illustrated in FIG 5 which shows a chip breaker, show ng anot her
nodi fi cation of the chip breaking body in the Chl p breaker shown in FIG 2.

In this enmb g ‘{Sgnt the chip breaking body is forned onl ypoysGoesiogesanes,
the pi voV PS E ne 12 and the up-curl ggl di ng pl ane 14. ~To ensure the
chip is broken by the | everage chip bredking nmethod, the up-curl guiding

WO 98/ 51436
PCT/ scoplengd4shown in FIG.5 cannot be removed for further simplification basegon meane 14

shown in FIG.5 cannot be renoved for further sinplification based on the
st r uct ustehctutab desigmas showm in FIG:5Chésausecplans b4 i3 pevesshy ko ensoethehihe chip is
ensure that the chipis forned into a |lever for chip breaking. However,

t he pi VP&h{&g 19{@5'%\/36? @:néinwaréawn 36 Wivag the pARRingplank Ii‘@ncﬁhp-@u@rg%&liﬂg

i
design as shown in Fl G can g nbi ned into an up-curl guiding and

Gui i ngBleBR L GrinF SR bRk ﬁf!ﬁ@%’ﬁ % i SRl e M e B b MRl e

pivoting function for the |leverage chip breaking process. FIG 6 shows a
chi p br gaiding #rd pivting sutface which dmdesigned tsucly thap itoprexiden §otholly upreurhe chi p
breaker as shown in FIG 2. In this design, the chip breaker 22 has a chip

br eaki nguiaathy flnetiok dobformirg mechifwma £3ével 6f bidedoformeantBthapivaling fanctiont e
up-curl gui ng and pivoti ng surface 96. The paraneter b is the sane as the

one 0 2 £ |

[err] aﬁ% Ifi% %13 c}é; '(:Bg%at'k?n%' él' é?%c?fg% 'E?ea%@@h%\ﬁnT a(?ﬁ% %ﬁe 96
will work together with the ro res |ct| | ape, 13, tp fqrm,the _
chi p i nobthe ¢hipdreaking bediein é‘ércgip &8s § ‘M“é%%?ﬁg a&‘a ‘504e51gt“h§’ eHB has
received a reaction force, it wll vvork t hrough the contact of the plane

96 W t hbrdaker 22 hbkis afchilhbreahng Jbodyg fd)rhmdfhyl x sideaffooy restricsingrpjarienl X énd arever age
chi p breaki ng process. an exanple for designing the arcuate up-curl-

gui di ng 1?#}3@ g RWr BRI AR sk R thedd
cutti nga?gggglsﬁﬁ%%gf% ﬁw%ﬁn g%krfé%gr? ”fﬂéée)%ar?ﬂgt eg(b?rsom% 03 m?rlrngv to

s R e, b S A ™
respect Istxlr%;ge 96 is determined such that surface 96 will work together with the side-flow
restricting plane 13 to form the chip into a lever of curled form, and as soon as the head of
the chip has received a reaction force, it will work, through the contact of the plane 96 with
the back of the chip_, as the fulcrum for pivoting in the leverage chip breaking process. As
an example for designing the arcuate up-curl guiding and pivoting surface 96, in turning of
low carbon sigeels at cutting speeds from 100m/min to 300m/min, feed rates from 0.03

mm/rev to 0.3 mm/rev, the parameters R, H, x and y can be in the ranges from 1.5 mm to 5

mm, from 1 mm to 6 mm, from 0 mm to 0.5 mm and from 1 mm to 6 mm, respectively.

FIG. 6 shows a first embodiment of the chip breaker of the present invention, in which the
pivoting plane 12, up-curl guiding plane 14 and side-curl restricting plane 13 as shown in
FIG.2 are combined into an arcuate leverage surface 97. In the embodiment of FIG. 2, the

leverage surface 97 is a portion of a cylindrical surface having its axis inclined to the tool

-



FIG 6 shows a first enbodiment of the chip breaker of the present

i nvention, in which the pivoting plane 12, up-curl guiding plane 14 and -
si de-cur| r rjcting plane 13 as shown in FIG 2 are conbcnsdes/onss an
arcuat e T”&/ @i ¥ surface 97. In the enbodi nent of FIG 2, the Ileverage-
surface 97 is a portion of a cylindri ca,{asurface havi ng |ts axi s inclined
to the tool ' WO 98/ 51436

PCT/ SG98/.Q003

cut ti ng RAUPEY ﬁglg edes la?nng%e B@%\B%We%éhe %rig ag%ahet%utu%ggge Y vevgfﬁt %la&mﬁt hi n

a plane parallel to the tool rake face 21 is det&lﬁrah acco d|n to the
chi p T arallehbetiectop] raks fateolinis determinsd accarding to PRI ofh OV 2

to [err]. The location of the axis, the radius of the cylindrical surface -

and t he jA®IGhY dridHE én died Panpe froch ‘qlz @ naThedodatiohaif théexiscthe radjus elitheace
will formthe chip |nto a lever for chip breaking along the shear plane.

The | ev el fgicd's m;% &?d‘th@%e?g%ﬁ‘l—ﬂhﬁ?‘éférﬂﬂ?éd' i R4Y 30éh B tRABverkgburiabe ( O

say a su ace curves [ | mensi ons but linear in the third,
such as t| wn, n, Fi mensi on ar te surface for
exanpl e “o’tl 1?‘ BIFBM g géﬁ‘fefg‘cre&“‘bgﬁakg’lgﬁﬁ ﬁﬁ'a%e%}'r clg@ea“ ably curved
surface, or a conbination of a nunber of arcuate surfaces, so long as.it
forms the chip into a | ever for chi p breaking along the shear pl ane. A

second enbodi nent of the invention is shown in FIG 8 in which an arcuate

| ever ageTheskvérage s@idadescantevd 2elimeisiaally arquate susfaberthatais to sinea surfacespher e
being inclined to the tool <cutting edge 19. A third enbodi nent of the

i nventi qp 1Sﬁ AR 't@/o'an?e%s?ods oyiad flﬂea"i‘ iRl Biddt Yuchf ad thad HORG inFig Fabea

segnent s are connected by SI ow restricting planes 99a in a
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variably curved surface, or a combination of a number of arcuate surfaces, so long as it

forms the chip into a lever for chip breaking along the shear plane.

A second embodiment of the invention is shown in FIG. 8 in which an arcuate leverage
surface 98 is provided which is part-spherical; the part-sphere being inclined to the tool

cutting edée 19.

A third embodiment of the invention is shown in FIG. 9 in which a plurality of inclined
arcuate segments 99 are connected by side flow restricting planes 99a in a saw-tooth

manner. The segments may be of other desired 3-dimensionally arcuate surfaces as

envisioned above.

Optimal chip breaking covering a wide range of cutting conditions is provided in a fourth
embodiment of a chip breaker of the present invention in which thc chip breaking body is

formed by a number of the leverage surfaces. The fourth embodiment is shown in FIG.10



envi si oned above. Optinal chip breaking covering a wi de range of cutting
conditions is provided in a fourth enbodiment of a chip breaker of the

pr esent TnveﬂéL n in which the chip breaking body is for wed/S6psma0033inber of
t-he Leve“gﬁﬁ rfaces. The fourth enboqbnent is showmn in FIG 10 WO
98/ 51436 : ) '

PCT/ SG8/ 00033 . . . ) 9 n9 he€h the
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simlar to the |everage surface 97 shown in FIG 7. The axjs, radjus and

hei ght sifnilantt thef leverage susfager Weshovay i K6 Br thha aais; mdivresndebright (&ch‘@sh Q?ng to.
the correspondi ng ranges of feed rate and depth of cut such that each

sur f aceqwf KfAves breiéeahin¥® indepéidently Beddkding itd the correspbridimg rangeseof fded
corresponding cutting conditions. - FIG 11 shows a single cutting edge

hvent: B 4 Sah 4 R balk ol B bt L w BRI TR ecfiel 06 Bp SR g

formed -together with the tool. The topl is designed to have two rake
faces. Twtngunder theieorrespanding/cuttingscondialst er rake angle for strength of
the cutting edge 19. The second rake face 21, which fornms the chip
breaki ng body together with the |everage surfaces. 100, 101, 102 and 103,
has a | arger rake angle such that the | everage surfaces 100, 101, 102 and

103 of E:FGTIA?QB%B? %?Efter}ﬂltt g@rcﬁips_llzv:'ﬂl(e%i& it@dlﬁhyerhbﬁﬂg‘ﬁi fifft0 efnbediarat b thet he

top | eve he tool. 12 shows a nultiple cutting edge

chip breaker tool,insert .heing,a sixth enpodi ne . the e .
i nvent | BFESERtANKEALIAR: é%&‘h“‘g’f the %B'Pcllfféfeﬁ &S & uﬁ%@%@gs icgnﬁtg{cg!engoﬂ}tdo%é? ol
with the chip breaking body as shown in FIGIO.
together with the tool. The tool is designed to have two rake faces. The first rake face 10{1:
has a smaller rake angle for strength of the cutting edge 19. The second rake face 21,
which forms the chip breaking body together with the leverage surfaces 100, 101, 102 and
103, has a larger rake angle such that the leverage surfaces 100, 101, 102 and 103 of the
chip breaking body are sufficiently high without exceeding the top level face 105 of the

tool.

FIG.12 shows a multiple cutting edge chip breaker tool insert being a sixth embodiment of

the present invention, in which each of the cutting edges 105-112 is formed together with

the chip breaking body as shown in FIG.10.
The manufacturing of the chip breaker involves only simple processes of machining and
surface hardening in the case of tool steel manufacturing materials, or compression and

sintering in the case of tungsten carbide or ceramic manufacturing materials.

In the present drawings only embodiments of the chip breaker constructed according to the



The manufacturing of the chip breaker involves only sinple processes of
machi ni ng and surface hardening in the case of tool steel manufacturing -
mat eri al ression and sintering in the case of t gpogsiz980a0a3bi de or
ceram c SP@%%%%?AJR ng materials. In the present draw ngs only
enbodi ments of the chip breaker cons’tru%ed according to the WO

98/ 51436 )
PCT/ SG98 Inventi i . This is becaus€ Brobli$ent -
i nventi Oé]rg%gxggmggggn F‘FY%E?ﬁnaltug%F%t%drf raht]llmrll% pﬁorc(e)scsgss'ses?s 1'?’hi S | stecause :
probl ens caused by cont|huqQus, chips in those processes are.n eri,ous
conpar ed-asedh by, &ptigions Ci‘ﬁ’é R these [9? QEEES g ‘?’Q{fgﬁ?r’e?gs ﬁ??’??rﬁg fo P&%@@E&Al chi p
breakers of the present invention are aﬁipl icable for other metal cutting
pr ocessemitting pravesses, suobas niiblingr i Bewever anipriysakesnobiicpsesent Byentiod api p-
breaker for cutting with flat rake face insert tools using tool hol ders

wth a Cép’iil'i]éa&@ foO8thef nieh cohing pro@atesr have been illustrated. This is not
to be construed as limtative and chip breakers with other ways of being

cl anped, such as having a hole in the body of the chip breaker for |ocating
the clanp or for fixing the chip breaker together with the tool insert on

the tool_ holder, can be  constructed. accorgding,fo the esent Ip tion It
i's al so Bothsiahore flgscélgﬁé draydngs J"?E’R’Ga%“bemso?’g'éﬁgplpt B@E‘ﬁﬁﬁ?f %{’]’Ilg gr%?@z}t 1fglﬂesert
to forma chip breaker insert of the present -invention, which conbines at

| east onface finserthtoekskising tootiholdérstwith pclasynen topyefithe shimbreaker daye been nsert .
The chip breaker of this invention works under nmachining conditions with

and W t hpiktrated CPRik 38 hot fobéléohstuéd asimivhtive drdechifbreakérs akidr othehwayhop wil |
be broken into snmall pieces of |less than one circle; when a coolant is

appl i ed. ' ] 6 BoR'; ' bkdr 16f ldchtithal kR

I nto. sna‘s?m :égaa(&:ﬂs r%\ﬁ%hggstsﬁﬁ%ﬁr%é @ﬁg 1§Iadr§§r)%d}1 gﬁtlh%hmhg)sbfsg?ﬂ(mrl ar tcol ry cut t?ng,
or for fixing the chip breaker together with the tool insert on the tool holder, can be
constructed according to the present invention. It is also possible to construct the chip

breaker together with a tool insert to form a chip breaker insert of the present invention,

which combines at least one chip breaking body of the present invention and the tool insert.

The chip breaker of this invention works under machining conditions with and without a
¢oo_lant. In dry cutting with the chip breaker, the chip will be broken into sr-nall pie‘ces of
less than one circle; when a coolant is applied to cutting with the chip breaker, the chip
will still be broken into small pieces in less than one circle, which is similar to dry cutting,
and the radii of the broken chip circles will be smaller and more consistent compared to

those in dry cutting, because the ductility of the chip material is reduced by cooling.



and the radii of the broken chip circles will be smaller and nore
consistent conpared to those in dry cutting, because the ductility of the
chip mat 4§¢ ' €duced by cool i ng. WD 98/ 51436 pCT/SG98/00033
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1. Apparatus f cutting. process in which a chip

Is parted _froma tooI the shear plane of chip formation,
conpri si ng Iever ﬁm |mor form ng a chip into a lever for -
exerting a.f-orce sS r-strain at the shear plane until

fracture Oj&ﬂé-s at the shear plane and wherein the |ever formng nmeans

conpri rcuate surface arranged to be inclined to a cutting edge of

the tool. 2. Apparatus as clainmed in claim1l wherein the arcuate surface ..
is a two-dinensionally arcuate surface. 3. Apparatus as clainmed in
claim2 wherein the surface is a portion of a cylinder. 4. Appar atus as
clainediip p?hl%'tﬁ? ﬂer\Uﬁéﬁkﬁi{.ﬁcH Pinfd aiétdl Quiing Jﬂ@@bss $n Whidh' £ehigiippaged ol &
arcuate surface . Apparatus as clained in claim4 wherein the arcuate

surface '%P%cgéﬁ'i’té ?Tognl\?%tl?e sﬁl@g&e}ﬂgnﬁ of clﬁp oo ﬂt (L,jo?'n sg%é?ég@??o%@ﬁ%ao e of

t he pre‘g% erel evert means said

arcuat e_surfaces.
for forming a chip into a lever for exertlng a force to increase shear strain at the shear.

plane until fracture occurs at the shear plane and wherein the lever forming means -

comprises an arcuate surface arranged to be inclined to a cutting edge of the tool.

2. Apparatus as claiméd in claim 1 wherein the arcuate surface is a two-dimensionally

arcuate surface.
3. Apparatus as claimed in claim 2 wherein the surface is a portion of a cylinder.

4, Apparatﬁs as claimed in claim 1 wherein the arcuate surface is a three dimensionally

arcuate surface.
5. Apparatus as claimed in claim 4 wherein the arcuate surface is a portion of a sphere.

6. Apparatus as claimed in any one of the preceding claims wherein the lever means

comprises a plurality of said arcuate surfaces.

7. Apparatus as claimed in claim 6 wherein the arcuate surfaces are connected by chip side

flow restricting surfaces.



7. Apparatus as clai i [ “Ferei n the arcuate surfaces are
connected by chip m‘@“llfl“lulmeu“ﬂll i ng surfaces. WO 98/ 51436
PCT/-SG98/ 9 * ¢ L wm s =

Appar at uswgg’g&‘gfmad in any one of the %cedi ng cl ai ns m};cfxz?%%{(ﬁgssl ever
formng neans is arranged to forma pi ing surface for bending a said
chip towards a reaction surface and formng a ful crumpoint in contact
with the said chip, a-guiding surface for guiding the said chip to flow-
towards said reaction surface and a_side flow restricting. surface for
restrictihgAppaalisyas claimgddn apyene af thecpregeding claimsaypesetn ths lever dommipgd in
any one of the preceding clains conprising a plurality of said |ever
means.  mddhs i$ arrangdd toaform i, piagthay Airfase & endingedsdid chipytooarisaf readtion
preceding clains and a tool insert, the tool insert having a cutting edge

and provigli C1: . ) | : T I

ooty et 1 oA End f6t6khe 8 KRR Bint H cléor \APhe AREOHD. 4 spiting Wffpee for

wor kpi ece, .t.he . wor.kpi ece provi di a.reaqgtion surface for, the | ever neans.
oo EnidiBe 4 S hito, A faResed Feaciphatratng e foN eeteliBh el hor

with a tool insert. 13. A tool insert having a plurality of cutting
edges eachurfaces forgestsisting sidewaysHflgwy bf eweksandychipppar at us as clained .in claim.
12.

9. Apparatus as claimed in any one of the preceding claims comprising a plurality of said

lever means.

.10. In combination, apparatus as claimed in any one of the preceding claims and a tool
insert, the tool insert having a cutting edge and providing a reaction surface for the lever

means.

11. In combination, apparatus as claimed in any one of claims 1 to 9 and a workpiece, the

workpiece providing a reaction surface for the lever means.

12. Apparatus as claimed in any one of claims 1 to 9 constructed together with a tool

insert.

13. A tool insert having a plurality of cutting edges each having associated chip breaking

apparatus as claimed in claim 12.



23 14. Apparatus f M“ in a nmetal cutting process in which a
chipis parted frorrﬂ“!mmnt'“m Ma tool at the shear plane of chip
formati ogyo s6K1Rsd Sing | éver forifing means for forming a GAAISGRON3A | ever
for exerting a force to increase shear strain at the shear plane until
fracture occurs at the shear plane andgg,herei n the lever form ng neans

conpri ses an arcuate-surface arranged forma pivoting surface for

bendi t
h one i MRpRERIBr chARRA LoPRELA TR AGRE N AR g3 el BERPO,
For 1 o5k HOBRIFES B BSARhAL 1 St PIaphGE CHPERBYOR, compRngfier (DG gpesns

breaking chips in a netal cutting process in which a chip is parted from a’
wor kpi efoe fonyniag taoehip antotshlevertfon exgrting @ fofcecﬂm1pcrbaﬂer$§ardﬁralm@€nfgﬁisb¢4¥g a
plurality of lever formng means for formng a chip.into a lever for

exer ti ngage (iMfiICRadtfrel SIeuAM the SRAF phhk ahd wiitteih ik Rhepforpimmearnst i |
fracture occurs at the shear plane.
comprises an arcuate surface arranged to form a pivoting surface for bending a said chip
towards a reaction surface and forming a fulcrum point in contact with the said chip, a

guiding surface for guiding the said chip to flow towards said reaction surface and a side_ :

flow restricting surface for restricting sideways flow of the said chip. -

15. Apparatus for breaking chips in a metal cutting process in which a chip is parted from
a workpiece by a tool at the shear plane of chip fonﬁation, comprising a plurality of lever
forming means for forming a chip into a lever for exerting a force to increase shear strain

at the shear plane until fracture occurs at the shear plane.



