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PCT/ S&6/ 00018 A METHOD OF BREARI'NG CHI PS, AND APPARATUS THEREFOR

FI ELD OF THE | NVENTI ON THi s invention rel at es to a nmethod of breaking
chips in nmetwloghidbng and a chip breaker for;; use in the nethschsooos _
BACKGROUND OF THE | NVENTI ON In netal cutti ng particularly in | athing of
ductile materials, continuous chips are usual I’y generated. Such-continuous
chips cause serious difficulfies in operation; - safety, chip disposal and
qual ity control of the machi'ned workpi ece surf@ace. Mre seriously, .
continuous KHNIRTHED CRBEIEARPNGICHIED AND AFP ARATOS TREREPORD' OCess, which
prevent automation of nmachining systens. Therefore, in netal cutting it is
strongly desired to have the chips generated:i:n discontinuous forns. Chip
breakers for metal cutting processes e

FIELD OF THE INVENTION

This invention relates to a method of breaking chxp n.metal cutting and a chip bre;aker for

use in the method.
BACKGROUND OF THE INVENTION

In metal cutting, particularly in lathing of ductile- matenals, continuous chips are usually

generated. Such continuous chips cause serious dlfﬁcultxcs in operational safety, chip

disposal and quality control of the machined workp_xt_:__pt_:;.surface. More seriously,

continuous chips can cause unpredictable jams in thé cutting process, which prevent

automation of machining systems. Therefore, in qﬁ_gtal :_-_<':_:_utting it is strongly desired to

have the chips generated in discontinuous forms. Chi §rcakers for metal cutting processes

are devices used for breaking chips into small pieces. wo types of chip breakers have

been proposed in the prior art - obstruction devxces separate from a tool insert, and
combinations of grooves and obstacles formed on tfxe rake face of the tool insert. During
metal cutting processes, -.-such chip breakers work tq bend_-;:__the chip after it has been
generated. These chip breakers do not make sure that thé "Z"__chip is broken during cutting and
chip breaking can be achieved only in some machining cc;nditions It is very difficult to
predict whether the chip will be broken by these chlp breakers from a set of given
machining conditions, that is, when these chip breakers are used in metal cutting, it is

uncertain that the chip will break. Further, when chlps are brokcn by such chip breakers,




are devices used for breaking chips into small pieces. Two types of chip
breakers have been proposed in the prior art - obstruction devices
separate froma tool insert, and conbinations of:grooves and obstacl es
fornmed on the take face of the tool insert. During netal '

pr.ocesses, “§UFH%8Hip breakers work to bend the Chip afterPﬁﬂ&hhﬂgggen
generated. These chip breakers do not make sure that the chip is broken
durisng cutting and chip breaking can be achi-eved only in some nachi ni ng
conditions. It is very difficult to pr |ct:1; be

br oken by t hese chi reakers .froma s given Jnln condltlons
That o1's. ek nsu Ry 5 pReneteSoas et sl i ARGl i Socreton
uncertain that the chip wil] break. Further, -wheh chips are broken by such
chi p br eafafety, control of mamgﬁwgrggzgge surface quahty an 'chlp disposal. Furthermore,

PCT/ S&6/ 00018 2 the chips
usual |y fbameé of thaseychip beegke¢rs msakandhe kot guttng Ffigecﬂ@d sonstqaéntly shoitersthe ool
operational safety, control of nachined morkplece surface quality and chip
di sposal . lifeur Typcaheranples ofiexisingtchipsiorealdersomiy. braseen $n petakespetifieationol cutti ng
edge and consequently shorten the too] |ife.”;Typical exanples of existing

chi p br eak@hberf s PE3ISSEIST N7@BEL,WCSREXT7ES mtwumssnnuzrbers US 5193947, SU
1704939, WD 9427769 and WD 9511102.

OBJECT OF THE INVENTION

It is the primary object of the:invention to provide an roved method of chip breaking in

metal cutting and apparatus for performing the methoc
SUMMARY OF THE INVENTION

According to the invention: in the first aspect there is -';provi__de,d a method of breaking chips

in a metal cutting process comprising the step of increasing shear strain at the shear plane

of chip formation until fracture of a said chip occurs. atthe shear plane irrespective of

machining conditions.

According to the invention in a second aspect, there 1s pro ded a method of breaking chips

in a metal cutting process in: -which a chip is parted from a workpiece at a shear plane of

chip formation, the method comprising the step of fo:rmt_n_ hip into a lever for exerting a

force to increase shear strain at the shear plane until Ei'ractur_'(_';'i occurs at the shear plane.

In third and fourth aspects of the invention, apparatus_;.f for'B_tfégking chips in a metal cutting



OBJECT OF THE | NVENTI ON It is the primary object of the invention to
provide an inproved nethod of chip breaking in netal cutting and apparat us
for perform ng the nethod. SUMVARY OF THE | NVENTI ON According to the
i nvention i nwigh@ptikst aspect there is provided a method ofpdaysedkibdegs chi ps
in a nmetal cutting process conprising the step-of increasing shear strain
at the shear plane of chip formation until friacture of a said chip occurs
at t'he shear plane irrespective of machi gi ng ‘condi tions. According to
the invention in a second aspect, there i8 provided a nmethod of breaking
chips in a l. ' i ' &hkn, fLom a

wor kpi ece aPrggésgﬁ%éﬁgﬁegg%tp%?&ﬁgﬁg6&? }(g(rgir}]‘é% %ﬁﬁppﬁé hﬁ%?‘%%&gﬁgﬁ% r'ising the
step of 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. In
third and fourth aspectgt of, the invention, ,gﬁpa._r;at us .for breaking chips in

a nmetal cut ﬁnmfr features of the invention may be found i a__pp_ended claims.

In the described embodiments of the invention, a shearplane fracturing method for chip
breaking in metal cutting is disclosed. In this method,the chips generated in metal cutting
are broken by increasing the shear stress and thus st ;;-at the shear plane of chip
formation until fracture occurs at the shear plane. A ¢€terage chip breaking approach is

also disclosed in which the chip is forced to break mto mall pieces by a process which

forms the chip as soon as it has been generated fro,tii_j }gé'shear plane into a lever of curled
form, in which the head of the chip is the load-liﬁi_r;; pomt receiving force from a fixed
body, the contact between the chip and the pivoting_:_'; plane of the chip breaker is the
fulcrum, and the root of the chip is the force-exertirig;gint exerting a force acting along

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

leverage chip breaker is further disclosed which has: chip breaking body having a piveting

plane, a side-flow restricting plane, an up-curl guidi’: lane and a supplementary pivoting

plane.

The chip breaker of the described embodiments of the pi%;éé_ent invention breaks the chips
generated during metal cutting processes including turnmg facing, boring, parting and other
metal cutting precesses in which chip breaking is requ:red, at most combinations of
machining conditions including the workpiece mate:_:itial p;o_f)erties, cooling conditions,
cutting speed, feed rate and depth of cut, into small-j_. biecék in forms of less than one circle

of small radius. The chip breaker guides the broken:-_"_c.hip:é to drop gently from the tool main
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PCT/ S&6/ 00018 3 process is
provi ded for perform ng the methods of the first and second aspects.

Further features of the invention nmay be found in the appended cl ains.

In the desc‘&ﬁgﬁ'@%‘ ‘hbodi ments of the invention, a shear pl é’ﬁg’%F?%‘EPPU‘ri ng

met hod for chip breaking in nmetal cutting is disclosed. In this nethod,
the chips generated in netal cutting are broken by increasing the shear
stress and thus strain at the shear plant of chip formation until fracture
occurs at the shear plane. A |everage chip breaking approach is also

di scl osed ﬂankmmsrm%@ee Rf fhei aghiiee stehithat thecoperationd) safeay.Imashined svoppiese
process which forns the chip as soon as it has been generated fromthe
shear pl aserfrastayalityl andehipodispasel efficiesayrare ensyradhi e abipebicaleed resfuceshibe Gdrep i s
the load-lifting point receiving force froma fixed body, the contact

bet ween t hetighomp thentdolt dutting adge ibyghplirgnibe ddre¢ haing inpthbred kde fhe, tddaces
fulcrum and the root of the chip is the force-exerting point exerting a

force act itagpahtanat thi1wobbeting Plgiorebyt RAidicd Casey fhe ANBaloos Fkaifte WAl iby
fracture along the shear plane occurs. A leverage chip breaker is further
di scl osed pakikGiy MEShips GG RNAY S dd8sddAthily BYICBIIR 1P6IMRLak RMe and increases the

tool life. The chip breaker works with inserts of all kinds of shapes and obviates the need

for geometries constructed on the tool inserts for chip breaking purposes, such that the cost

on tool inserts can be substantially reduced by using flat rake face inserts rather than

inserts with complicated geometry at the rake face. The breaker may be constructed with

the tool insert, in which the chip breaker body is formed on the tool rake face.
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 an embodiment of the shear plane fracturing method for

chip breaking of the present invention.
FIG.2 is a perspective view of one embodiment of the chip breaker constructed according
to the present invention showing the structure of the chip breaker for turning with a

rectangular tool insert.

F1G.3 is a perspective view of a second embodiment of the chip breaker constructed



pl ane, a side-flow restricting plane, an up-curl guiding plane and a
suppl enentary pivoting plane. The chip breaker of the described
enbodi ments of the present invention breaks the chips generated during

metal cuttingy@spgemses i ncluding turning, facing, boring, perisceoesssd
other metal cutting processes in which chip breaking is required, at nost
conbi nations of nmachining conditions including the workpi ece materi al
properties, cooling conditions, «cutting eed, feed rate and depth of cut,
into small pieces in forms of |less than ofe circle of small radius. The
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PCT/ SG96/ 00018 I insert 4 flank to
the cont ai nér o8 esHBUIRR&N 48 s uch that the operational safety, machined
wor kpi ece 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 rate face, reduces tenperature at the tool
cutting regifdG-40y arneerpestivg viaw of adhirbsmiedient 108 thegdiip brerkerfcapdrugisd by
breaking the chips frequently, and consequently reduces the tool wear rate
and i ncr easascording to the present invention showing the structure of the chip breaker for facing or

boring with a rectangular tool insert.

FIG.5 is a perspective view of a fourth embodiment of the chip breaker constructed
according to the present invention showing the structure of the chip breaker for parting with

a parting tool insert.

FIG.6 is a perspective view of a fifth embodiment of the chip breaker similar to that shown

in FIG.2, with an adjustable chip breaking body.

FIG.7 is a perspective view of a sixth embodiment of the chip breaker constructed
according to the present invention showing the structure of a chip breaker tool insert of the

present invention.

F1G.8 is a perspective view of a seventh embodiment of the chip breaker constructed
according to the present invention showing a variation of the chip breaking body of the

chip breaker as shown in FIG.2.

F1G.9 is a perspective view of a eighth embodiment of the chip breaker constructed

according to the present invention showing another variation of the chip breaking body of



tool life. The chip breaker works with inserts of all kinds of shapes and
obvi ates the need for geonetries constructed on the tool inserts for chip
br eaki ng purposes, such that the cost on tool inserts can be substantially
reduced by Iat rake face inserts rather than inserts

conpl i cat eﬁ%éd%\?{ry at the rake face. The breaker may be "EEﬁEP?’EP«B{ ed with
the tool insert, in which the chip breaker body is fornmed on the tool rake
face. BRI EF DESCRI PTI ON OF THE DRAW NGS Enbodi ments of the invention
wi Il now be described, by way of exanpl 6 with reference to the
acconpanyi ng draw ngs, in which: FIG 1 is an illustration show ng an
enbodi rrent‘hft)ﬁlpﬁéﬂa!’}ﬁe‘%fﬁhﬁ?”aﬂé Fi¥gdeturing method for chip breaking of the
present invention. FIG 2 is a perspective view of one enbodi nent of the
chip breaker constructed according to the present invention show ng the
structure of the chip breaker for turning with a rectangular tool insert.
FI G 3 i s #1@g0spagierspectiviecwiewfof a nirels emtodimbadi friknthipbrdaker whsitpuckedeaker
const ruct ed

according to the present invention showing another variation of the chip breaking body of

the chip breaker as shown in FIG.2.

FIG.11 is a perspective view of a tenth embodiment of the chip breaker constructed

according to the present invention showing another variation of the chip breaking body of

the chip breaker as shown in FIG.2.

FIG.12 is a perspective view of an eleventh embodiment of the chip breaker of the present
invention showing another variation of the chip breaking body of the chip breaker as shown

in F1G.2.
DESCRIPTION OF THE EMBODIMENTS OF THE INVENTION

During a metal cutting process, as shown in FIG.1, a chip 1 is formed from cutting off a
layer of material 2 from the workpiece 3 by the cutting tool 4. The chip formation is a
process of material velocity discontinuation, in which the layer of the work material to be
cut is forced to change its moving velocity from a velocity indicated by vector S to a
velocity indicated by vector 6 within a narrow deformation zone 7, the so called “shear
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.
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to the present invention showing the structure of the chip breaker for
turning wthyeRukyr ect angul ar tool insert. FIG 4 is a perserpbdiye View

of a third enbodi nent of the chip breaker constructed according to the
present invention showi ng the structure of the chip breaker for facing or
boring with a rectangul ar tool insert. IG5 is a perspective view of a
fourth enbodi nent of the chip breaker constructed according to the present

I nvention SP m@%l cnt%ngtpﬁ%%suq eart BGirC It E@h%e 1@%%09?&*! »ﬂgn%et %I L ent

parting tool | Rser I's a perspec I ew 0

chi p br eak, F BoEls end e A QR gl %”?w v PP PG F PRI, o

the chip br gr%ku?xghacncg)gds ! E)lilfcférergt materials of the workpiece respond differently to the same value
of shear strain at the shear plane. A brittle material tends to fracture at the shear plane
after undergoing only a small shear strain and consequently forms discontinuous 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 large 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 at low cutting speeds the ductility
decreases with increasing the speed (due to the domination of strain-rate effect), and at high
cutting speeds the ductility increases with increasing the speed (due to the domination of
the temperature effect). That is, the value of shear strain leading to fracture at the shear
plane varies with workpiece material ductility which is a function of cutting speed. For the
same material, the value of shear strain leading to fracture at the shear plane is lower in
cutting with a coolant compared to in cutting without a coolant, because the cooling
reduces the ductility of workpiece material in the cutting region. In general, in cutting of
ductilc materials, the shear strain at the shear plane due to chip formation is not large
enough to cause fracture, and therefore continuous chips are usually generated, although in
cutting of some hardened steels with cooling or at low cutting speeds, fracture may occur at

the shear plane and discontinuous chips may be generated.
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differences in the work material properties, cooling conditions and cutting conditions, by

increasing, in addition to the shear strain due to chip formation for work piece material
removal, the shear strain at the shear plane to whatever a value is necessary to 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 of the present invention. The approach is as shown in F1G.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 cur} up ( because of
surface expansion at the back) and flow away from the rake face. Driven by the chip
generation at the shear plane 7, the chip flows and then curls further when its head 11
reaches the first fixed (on the tool} plane 12, caused by the force from the shear plane 7
acting on the root 8 of the chip and the reaction force from plane 12 acting on the head 11
of the chip. The chip then flows up until its head 11 reaches the second fixed (on the tool)
plane 14. As soon as the head of the chip reaches plane 14, a reaction force from plane

14 acting on the head 11 of the chip will work together with the force from the shear plane
acting on the root 8 of the chip to form the chip into a curled form of small radius. The
chip then flows along an arc, with slight elastic spring back in its front portion and with its
side-flow (caused by the side-curl of the chip) being restricted by the third fixed (on the
tool) plane 13, until its head 11 is stopped by the fourth fixed (on the too!) plane 9. As

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

ei ghth

WO



FIG 11 is a perspective view of a tenth enbodi nent of the chip breaker
constructed according to the present invention show ng anot her variation
of the chip breaking body of the chip breaker as shown in FIG 2. FIG 12
IS a perspectyyemunw of an el eventh enbodi ment of the chi pedr/sedemboief the
present invention show ng another variation of the chip breaking body of
the chip breaker as shown in FIG 2. DESCRI PTI ON OF THE EMBODI MENTS OF
THE -1 NVENTI ON During a netal cutting process, as shown in FIG 1, a chip
1is formed fromcutting off a |ayer of ﬁ%terlal 2 fromthe workpiece 3 by

the cutting il imd neathfy KMo 1daBHBEd Aind Bodivin é? G2 Froft A € thabontieh OC1 1Y

di sconti nuat1 on, aye the wo mat er | to’be ‘cut is
forced to chan e

|tsm) n f ma ve 00|t cat e ctor
oo el oo beEn kiecehi ) =B plffe 12,54 e (RBHA 2 “Ps%*agﬂer% soifths Y
the so call ed "shear g ﬁge". At the S ear pI ane the WQrk i ece terlal S
shear stres&gkpisrg S8 shear PLARG7: IS g BFofesyeing Hoih EXTHIG f?'&?/\f‘% fionab iy t he

tool rake face 10. ) ) )
the shear force at the shear plane for chip formation until fracture occurs at the shear plane

7.

Detailed description of the embodiments of the chip breaker constructed according to the

present invention are as follows.

F1G.2 shows a first embodiment of the chip breaker for turning processes. The chip
breaker 22 is clamped together with the 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 & 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 up-curl
guiding plane 14 and a supplementary reaction plane 15. During cutting, the chip grows
from the shear plane and flows along the tool rake face 21 towards plane 12 of the chip
breaker, with an up-curl caused by friction and thermal expansion at the tool-chip interface
and a side-curl caused by differences in the material flow velocities along the main cutting
edge 19 and tool nose 20. Once the head of the chip reaches plane 12, the body of the
chip is bent, and the chip is forced to curl further up when it flows over plane 12, with
compressed elastic and plastic deformation on the inner-side of the curl and tensile elastic

and plastic deformation on the outer-side of the curl. The larger the feed rate of cutting,
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metal cutting process, the shear strain at the shear plane is a constant
when the tgol _rake angle and the shear angle (the angl e between the
cutting di PEtT¥B8#%and the shear plane) are unchanged. Di FFEPEMR"REterials
of the workpiece respond differently to the sane value of shear strain at
the-shear plane. A brittle material tends to fracture at the shear plane
after undergoing only a snmall shear str&d®n and consequently forns

di sconti nuous chips. Therefore, in cutting of a brittle material, such as
a cast i riba bigesthenplpsigoieboramtion onthe ‘“@sﬁﬂfﬁ lof thgeahén: aT baiplastiy defirmatioreaki ng
is not a problem A ductile material tends to fracture at the shear plane
only aft ewill prevers thsncertegoshapercf the gbipdfnmm gbendtge aWithtthatuttingHoantinaingedi to
strain is enough for the fracture to occur depends on the ductility of the
mat eri al , thefsidebcuirléngaof theimbipi formaifontpeogeey; sitelrhip Brpdhsisddr saicin thaah Qidee of tiikee
cutting region. The ductility decreases linearly with the tenperature and

i ncr easeS¢Hx? RE&Rhdsyplind 1B,tAe theogad-NoRde dle dhifLishérdiebricRl By pldidi 13, Npdeur € of
the material properties neans that at |ow cutting speeds the ductility

decr easescWeltntGAIE Bith Tbw BRWARE FFbnl thé&hl rEth(%r Qﬂ%@%h%\ﬁfdo%rt&'vg}dg ate
effect), and at high cutting speeds the ductility increases wt

'TRCV easin ettQ& rﬁBﬁeﬁé (AU 158 LO Bl BRI QR poﬁqg rkdified %’Eﬂg&a}h Ek feet) -
at is, e val ue of shear strain Ieadi ng racture a ear pl ane
\Slgélegs Y:MO %xert%' %rcerro%;[ fre 'fﬁk\k %é%t2|3|and>§t mlsame Itf?neare&q\r/]ecstal x%gct&]; forct ting

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 too} flank face 23, the contact
between the chip and plane 12 is the fulerum, and the root of the chip, which joins the
workpiece at the shear plane, is the force-exerting point exerting a force additional to the
shear force at the shear plane. Since the distance from the fulcrum to the head of the chip
is much larger than the distance from the fulerum 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 large
enough to open up the curled form of the chip before the chip acts as a lever to cause
fracture at the shear plane. If the workpiece material is of high ductility or the feed rate is
small, however, the chip once has been generated from the shear plane and bent by plane
12 of the chip breaker, is restricted by both planes 13 and 14 to flow up then down towards
the tool flank. As soon as the chip head has reached the flank face, it acts as a lever
exerting a force at the shear plane as described in the above. In cases like this, there are
two possibilities of breaking the chip at the shear plane. If at the head of the chip the load-

lifting force required is not large enough to open up the curled chip before the fracture



sanme material, the value of shear strain leading to fracture at the shear
plane is lower in cutting with a coolant conpared to in cutting without a
cool ant, because the cooling reduces the ductility of workpiece nmaterial

in the cuttifgohsehon. In general, in cutting of ductile ryaidegbssthe
shear strain at the shear plane due to chip formation is not |arge enough

to cause fracture, and therefore continuous chips are usually generated,
al though in cutting of some hardened ste1el s with cooling or at |low cutting
speeds, fracture may occur at the shear ﬂl ane and di sconti nuous chi ps may

g&?ggg?g%gfgs, the chip \m l?e7ér%%§12z195 described in the above cases with low ductiliéy oﬁ.h e shear

pl ane fracturing nethaqd for chip, breaking.to be descr.ibed . ains to break the
Phibe | GoneHUkBACRARHY Srarme ek BiendD BF Sutes SBCUSES ShP ARG wod
conditions, regardless of differences in the work material properties,
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the shear strain due to chi gqf ormation for work piece material renoval,
t he shear difting sidaof thedevtiehss 1gachpd plage Wpatherp ayill e\pafrigionad farecceatwegnythe o
lead to fracture at the shear plane.
chip and plane 15, which is a further load-lifting force of the lever. The lever will then
exert a further force from 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 flank, 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 ptane will be pushed
out by the new chip and broken on its way towards to the tool flank when it is bent by the
opening of the arc formed by the broken chip and the new ship. The opening is caused by
the reactive force on the head of the broken chip. At the mean time for the opening, the
arc formed by the broken chip and new chip may work as a lever to fracture the new chip
at its root (the shear plane). The new fracturing zone will then be pushed out to start
another chip breaking cycle, while the old fracturing zone is bent and broken. The broken

chips generated in this way are in the shape of a "c".

FIG. 3 shows a second embodiment of the chip breaker of the present invention, for turning



The increasing of the shear strain can be provided by the | everage chip
breaki ng approach of the described enbodi nents of the present invention.
The approach is as shown in FIG1. The chip | is firstly generated from
the primary_deformation zone (the shear plane 7) and is secondla/ def or med
along its bACRP#*ontact with the tool rake face 10 by fFEBCEHOULS t he
tool-chip interface. The secondary deformation causes the chip to curl up (
because of surface expansion at the back) and flow away fromthe rake
face. Driven by the chip generation at12he shear plane 7, the chip flows
and then curls further %\,hen |6 P\ gd 11 reaches the first fixed (on the
tool) pl afdthdiriapgilanigohipserh a0 Jhg Botqrg face 78 of fasehip beggker32 igcn F?Rja‘én t he

root 8 of the chip and the reaction force fromplane 12 acting on the head
11 of t havithhihp toofekeclarg33.h&he tlamningfpeeld ofl the chipheeaker is in santha svitththe
second fixed (on the tool) plane 14. As soon as the head of the chip
reaches plckmg dfdthe soal dabier (ot Soves. fTihewhipl taepkinglbbdaatfithgclop btdakerhieatst 11 of
the chip will work together with the force fromthe shear plane acting on
the root Qamé at tiat ohihe encbokitment sivavicini F1Gi ytwhieh comipris & Opindiafg siam 24, aadi us.
The chip then flows along an arc, with slight elastic spring back inits

front por ideow ebsictifig blasie 25] dlead-t@\gigiap $afc RY hBQ shplemeMbdy ffotilge chip)
bel ng restricted 8y ctlhgelpt hlerd f|‘>1<ﬂed }(N(g)r: tlg":% 5[3003 pl agg TS ljlbjlnét?l(it ?’ts head

I's st e%byrﬂc% 95 eaamgfmeéﬁﬂl s&PQfM}eerﬁﬁ?)‘chnmsaﬂg sme 4 mfeso%g@p@»%nthe

phip lre ches pl ane its it acts as l'ever curled for
'n in FIG. 2.

Compared the embodiments of the chip breaker shown in FIGs. 2 and 3, it can be seen that
embodiments in different shapes of the chip breaker can be constructed according to the
present invention, which suit the shape of the tool inserts used but share the same chip

breaking body.

FIG. 4 shows another embodiment of the chip breaker of the present invention, for facing
or boring processes with a rectangular insert 40. The bottam face 38 of the chip breaker 42
is in contact with the tool rake face 41. The clamping face 39 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 the same as the one in the embodiment shown in FIG 2, which comprises a
pivoting plane 34, a side-flow restricting plane 35, an up-curl guiding plane 36 and a
supplementary pivoting plane 37. The chip breaking mechanism of this embodiment is the

same as the one shown in FIG. 2.

Compared the embodiments of the chip breaker shown in FIGs. 2 and 4, it can be seen that

embodiments of the chip breaker for cutting processes other than turning can be constructed
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head 11 is the load-lifting point receiving a force fromplane 9, the

contact betwggR.Lfg, Chip 1 and plane 12 is the fulcrum an 8 of
t he chip, join?né the wor kpi ece 3 at the shear plane 7, isq?ﬁ§£”&&8“

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.
Det ai | ed description of the enbodi ments ofl3the chip breaker constructed
according to the, present i.nvention.are as. foll ows. FIG 2 shows a_first
enbodi ment - AECHIBECRE Bress ARIEPIOn, MACh Soef i, SsRAee R brealring bedy Bl IBpasaier 22
is clanped tggether with the tool insert 18 on a tool holder. The bottom
face 16 of ‘%E?@pr breaker is in contact with the rake face 21 of the
tool insert. The clanping face 17 of the chip breaker is in contact with
the clanp of the tool holder (not shown). The chip breaking body of the
chip breaker is adjacent to the main cutting edge 19, and conprises a

pi voting pl dfi6. $3hois etothe eniodinmed of thetchip breaker ofithe ptaent idvention, Sod@sel WV
restricting plane 13 which is approxi mately perpendicular to cutting edge
19, an up- Cur partimgiiodl ingenpl Ahe birtora fateA6IfARY EHIR Bleaket J16R6H LéHach WAHRGHd Sake

During cutting, the chip grows
face 50 of the tool insert 48. The clamping face 47 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 the main cutting edge 49, and comprises a pivoting plane 44 and a supplementary
reaction plane 45. During cutting, the chip grows from the shear plane and flows along the
tool rake face 50 towards pivoting plane 44 of the chip breaker, with up-curling caused by
friction and thermal expansion at the tool-chip interface. As soon as the head of the chip
has reached plane 44, the body of the chip will be bent to curl up, with compressed elastic
and plastic deformat_ion on the inner-side of the curl and tensile elastic and plastic
deformation on the outer-side of the curl. The larger the féed rate of cutting, the bigger the
plastic deformation on the two sides of the chip. The plastic deformation will prevent the
curled shape of the chip from opening. With the chip being continuously generated from
the shear plane and bent to curl up when it flows over plane 44, the head of the chip will
reach the workpiece surface to be machined. As soon as the head has reached the
workpiece surface, it will exert a force on the workpiece and at the same time receive a
force from the workpiece. The chip body is then formed into a lever of curled form, in
which the head of the chip is the load-lifting point receiving a force from the workpiece,
the contact between the chip and plane 44 is the fulcrum, and the root of the c.hip is the
force-exerting point exerting a force additional to the shear force at the shear plane. Since

the distance from the fulcrum to the head is much larger than the distance from the fulcrum



fromthe shear plane and flows along the tool rake face 21 towards plane 12
of the chip breaker, with an up-curl caused by friction and thermal
expansion at the tool-chip interface and a side-curl caused by differences
in the material flow velocities along the main cutting edge 19 and t ool
nose 20. OnY@9RM2head of the chip reaches plane 12, the bUYIYSGME chip
Is bent, and the chip is forced to curl further up when it flows over plane
12, with conpressed elastic and plastic deformation on the inner-side of
the curl and tensile elastic and plastit4 deformati on on the outer-side of
the curl. The larger the feed rate of cutting, WO 97/ 22429

PCT/ SX6/ 0©0hiSBroot, the force exerted to the shear plane for the additional strain leading bQOfracture

bi gger the plastic deformation on the two sides of the chip. The plastic
def or mat i of theriHebr plany exgrirehenlg urshatl &adpidtigf fotdeeapplitPod RMeaPONiHAGEhipW t h
the cutting continuing, due to the side-curling of the chip formation

process, tifeheidbd lifingPfosdecid ndtikkge dhdlgtatoSdde 1pfthd BerledCiotm of GRS bdtbaNe 13,
and the side-flow of the chip is then restricted by plane 13. The curled

chip will fdc Vs QLI @ ScahideOchil?® aCIRk Rndd: BRKEN the 2hidndit wn
t owar ds t%g%?gof ngin flanké Xs goonaas t he Eeadtof ??gﬁgﬁggﬂﬁgéqﬁgégﬁed

the tool npip.fdapKcidbPeaking will stk COlRNAsd, W EurR hipewlil Bphae & 55 yand at
afre P

the sane tine Tecelve ctive torce
load-lifting force until the opening is stopped by plane 45. As soon as the body of the

chip, which is on the load-lifting side of the lever, has reached plane 45, there will be a
frictional force between the chip and plane 45, which is a further load-lifting force on the
lever. The lever will then exert a further force from 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, 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 workpiece surface to be machined and
brought by the workpiece to drop downwards; to the chip container of the machine, before

the head of the next chip reaches the workpiece surface to be machined.

From the above descriptions of embodiments of the chip breaker, it can be seen that the
dimensional values of the chip breaking body in the chip breaker can be varied within a
range without losing effectiveness in chip breaking. However, the shape of the broken chip
might vary with the ratio of the depth of cut to the distance from the tool nose 20 to the
side-flow restriciting plane 13 as shown in FIG.2, and the radius of the chip curl might vary
with the ratio of the feed rate 10 the distance from the tool main cutting edge 19 to the
pivoting plane 12 as shown in F1G.2. Therefore, in one preferred form, the dimensional

values of the chip breaking body may be adjustable. FIG. 6 shows a fifth embodiment of



fromthe flank face 23. The chip is then acting as a |l ever of curled form

I n which the head of the chip is the load-lifting point receiving a force
fromthe tool flank face 23, the contact between the chip and plane 12 is
the ful crumw@a@stfie root of the chip, which joins the wordfiRpeoshsthe
shear plane, is the force-exerting point exerting a force additional to the
shear force at the shear plane. Since the distance fromthe fulcrumto the
head of the chip is much [arger than the gistance fromthe fulcrumto the
root of the chip, the force exerted at t A8 shear pl ane for the additional

strain | eading. .to, fractuyr éﬂﬁ"“% r ot § HhL; L Ld
& t r kifig bo@'beind adilRabie.
| oad-lifti néghe?cglf%greg%glo?e% @%St evEea gﬁhﬁh%ec é'ﬁl p. ﬁ? ?%lps "é?gde, ' the
work material s of |lowd tikit .or the _ feed rate is large tg
oad- 11 11i nd F SAEPTESEES P4 ofdhe <dip brsskéy 8£65p‘é’n°°ﬂ S with & e PERG 18 ¢ he
chip before the chip acts as lLlever to cause, fracture at the, shear plane.
If the workpPidee Thd e brea ?ggﬁﬂdhi‘b{‘?ﬂa%t’x PR P@“%?b?ff h%‘;yf 68 GO RI{SHnE & Pt | ,
however, the chip once has been generated from the shear plane and bent by
pl ane 12 ofunfsse foimips Brrivitiog plang S2end b seewd sHfagsoformipe anaw-cig guiding plape
flow up then down towards the tool flank. As soon as the chip head has
reached t he 5#) amidjbstabde side-flaptrestieting Body §l hawingatsurfgeeafofroinga side-fiine shear
pl ane as described in the above. In cases |like this, there are two
possi bi | iti esstridting péekiS3gatcthedody ofithetchip ishdar 6phavisg a lsbrfak folmenpaad of
the chip the load- lifting force required is not |arge enough to open up
the curled glipfedietaty @edction blaa€ 55l Ghe distance from the tool cutting edge 59 to the pivoting
plane 52 can be adjusted by adjusting the location of the saw-shaped teeth 65 of the chip
bending body 68, over the saw-shaped teeth 66 of the body of the chip breaker. Similarly,
the distance between the tool nose 69 to the side-flow restricting plane 53 can be adjusted
by adjusting the location of the saw-shaped teeth 62 of the side-flow restricting body over
the saw-shaped teeth 67 of the body of the chip breaker. The position of supplementary
reaction plane 55 may be varied by adjusting the relative position of chip breaker body 64
and tool insert 58. Besides the structure as shown in FIG.6, other methods of fixing and
adjusting can also be used to construct the adjustable chip breaker body of the chip breaker
according to the present invention. The same adjustable chip breaking body can also be
constructed on other embodiments of the chip breaker shown in Figs 3, 4 and 5.
FIG.7 shows a sixth embodiment of the chip breaker of the present invention, in which four
chip breaking bodies of the present invention are constructed on the top of a tool insert to
torm a chip breaker insert 71. The chip breaker insert has four cutting edges 72, 73, 74
and 75 to be in turn used as a main cutting edge in cutting processes. A chip breaking
body as described in FIG.2, comprising planes 76, 77, 78 and 79, is constructed to work

with the cutting edge 72. Another chip breaking body as described in FIG.2, comprising

planes 80, 81, 82 and 83, is constructed to work with the cutting edge 73. Another chip
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PCT/ S&6/ 00018 occurs, the chip will be broken as described in the
above cases with low ductility of workpiece material or large feed rate.

O herwi se, the rled chip will be opened up until the opening is stopped
by pl ane 15‘.”%,5\’58243% as the body of the chip, which is on F‘ﬁfés‘?”(&%'!'s
lifting side of the | ever, 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 exert1®& further force fromthe root of

the chip to the shear plane untjl| fracture occurs at the shear plane. As
soon as th@'e?k?%??fg’ea%‘%é"g@édi’&:léé?’ EHBPIYREPRRSS|B4pP 20 At §% d Gonsiructediie
forces acting on the chip will disappear and the next cycle of chip

gener at i ngwerkawith Belkduitinagdge 74stArother Thip taeakinenbadiiiap dekdribed reAlG?2, pushed at
its root by the head of the next chip in generation, towards the tool

f1 ank, andcomprisingrpaned @8n8&rWsankdrAdmist dvastietdd tblvemk withethercettingedgeh®RdTR t he
next chip reaches the tool main flank face 23. The broken chips

gener at ed ¢lampihg Surimee % B ih codtha wittamhe tedl haldep tlambf(nbthehotm).t i ng 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 fromthe shear plane will be pushed out by the new chip and broken

on its wayrfouas @?eakﬂﬁt%@yto?%e éﬂéﬁﬂ%am% dederib&d BONG. P¥ad BEcorlRERL Gy Of the

arc formed by t'he broken thip and the new ship. The opening Is caused by

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 angle between the tool rake face 21 and the pivoting piane 12 of the chip breaking
body, o,

2) the distance from the tool main cutting edge to the pivoting plane 12 of the chip
breaking body, &,

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 the pivoting plane which joins with the lower-side of the
up-curl guiding plane, /, and

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

too! main cutting edge 19, Y.

In the chip breaking body of the chip breaker as shown in FIG.2, for simplicity, the angle
Y is designed to be approximately perpendicular to the tool main cutting edge. An

optimum value for this angle should be determined according to the chip side-flow angle i



the reactive force on the head of the broken chip. At the nmean time for the
opening, the arc fornmed by the broken chip and new chip may work as a
| ever to fracture the newchip at its root (the shear plane). The new

fracturing zqpeswbhh then be pushed out to start another chtisddessis ng
cycle, while the old fracturing zone is bent and broken. The broken chips

generated in this way are in the shape of a "c". FIG 3 shows a second
enbodi ment of the chip breaker of the preﬁ;nt i nvention, for turning
WD 97/ 22429

PCT/ S&36/ 00018, . s divants ith a
triangul ar Yv(%'(‘):f’ '} REETY nl§0d.emﬁ1deasbt8% £0 e fb g%veee%& eoqovf gecélﬁlnp? ftt)}}eeéﬁ%?wg Is in
contact wth.the tool ,rake fa 3. The ¢l anping.,face of e L p.
br oaker s Pt relsgeng; B o il® T (i eutE AR Rk IAG AR ot BRs S rne
chi p breaking bady of the I p breaker |s, the _sape as .that, of e ..
embodi ment  SHo¥uS Al ¥ epféflg &h?‘&‘ﬁ“&‘& e ég““a&ﬁi“@d ¥ AP 6?%09&?5 Qreakms
side-flom/restricting'plane 25, an up-curl guiding plane 26 and a
suppl ement apipcgssatde ichig cap|flomeoyt fronthe champernfdhk Fing brrakingriodynand on ithes
enbodi nent is the sane as the one showmn in FIG 2.

other hand its side-flow is restricted by the side-flow restricting plane 13 so that the

leverage chip breaking process of the present invention can be achieved. Therefore, an

optimum design for the angle ‘¥ should follow the equation

y=9°-n (1)

In view of the fact that the chip side-flow angle 1} varies with machining conditions,
especially with the combination of the radius of the tool comner, 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
and 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 usua! value of the chip side-flow angle.

FIG.8 shows a seventh embodiment of the chip breaker of the present invention similar to
Fig. 2, having an angle ‘¥ different from 90 degrees. In this embodiment the side-flow
restricting 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.

A design for the chip breaking body of the present invention without having the

supplementary reaction plane 15 as shown in FIG.2 can be constructed by properly



Conpared t he enbodi nents of the chip breaker shown in FIG. 2 and 3, it can
be seen that enbodinents in different shapes of the chip breaker can be
constructed according to the present invention, which suit the shape of

t he tool inser ed but share the sanme chip breaking bqdy.. FIG 4
shows anot h 9%%%g§inent of the chip breaker of the preseﬁg¥¢ﬁ3%%?ﬁ%n, for
facing or boring processes wth a rectangular insert 40. The bottom face
38 of the chip breaker 42 is in contact with the tool rake face 41. The
clamping face 39 of the chip breaker is18n contact with the clanp of the
tool holder (not shown). The chip breaking body of the chip breaker is the
same as t KisteHRmIngthe EEOBRKIGAL PAEHREIER Gl Mn! 1NdE of thgschimbrediing bardys using
pivoting plane 34, a side-flow restricting plane 35, an up-curl guiding

pl ane 36 dbricarrelasignp betvenn slteygasmetricehpprarnetere o8 the chifpebreting bedyalriaabjning
mechani sm of this enbodinment is the sane as the one shown in FIG 2.

Conpar ed tchedigotyodtidmadius of thet trekanhihipsbswehkiat tlehanipy whenFi Bsws Butafilsm 4he it can
be seen that enbodinents of the chip breaker for cutting processes other

t han t ur nichgmb&foRged BN tier piedttyg plane 12, side-flow restricting plane 13 and up-curl

guiding plane 14, is highly strain-hardened in curled form of small radius, thus the
supplementary reaction plane 15 is not needed in the 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 broken chips can be derived from the
geometry of the chip breaking body at the cutting region. By neglecting the elastic spring
back of the chip, the correlation between the radius of a chip broken by the chip breaker, r,

and the parameters 4 and o can be represented by the equation

2 (2)

where A is the tool-chip contact length (see FIG. 2) resulted from machining conditions,
namely the feed rate, 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, & must be larger than # to allow the chip to be generated

naturally from the cutting region. An increase in the angle o will decrease the radius of
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the present invention, which share the sane chip breaking body but |ocate
it differentyygrss2d! G 5 shows another enbodi ment of the GRiRcBEGRIgEr Of
the present invention, for use with a parting tool insert. The bottom face
46 of the chip breaker 51 is in contact wwth the rake face 50 of the tool
insert 48. The clanping face 47 of the chip breaker is in contact with the
clamp of the tool holder (not shown). The 1ghi p breaking body of the chip

breaker is dj,acent t in, cuttin dge 49 nd _conprises .a pivoting

pl ane 44 anc}ﬁl%hgﬁ’pelﬂ'ité’ﬁgﬁ? g&’&/cr ha diﬁrﬁgﬁﬁﬁ’?@ﬁ@g Z‘B“é‘eﬁjﬁ*&'e%‘l’cﬁ??‘r%,&"fﬁé chip
grows fromthe shear plane and fl ows atJon the tool rake face 50 towards
pi voting pl dereast 1B fArpRacQmpqPen BaRme, rafe 15 rap)-<fube FiHe 1 tssBeprijanes whicki on
and thernmal expansion at the tool-chip interface. As soon as the head of
the chip hdstyenetdedol ane 44, the body of the chip will be bent to curl
up, with conpressed elastic and plastic deformation on the inner-side of
the curl and tensile elastic and plastic deformation on the outer-side of
the curl. The larger the feed rate of cutting, the bigger the plastic

def or mat i on The shiatiet the valude Sord¥ ahth @, diei smalldhihe pddast dfahe efiip aRg kise thevdridller
prevent the curled shape of the chip fromopening. Wth the chip being

cont i nuousl| %h9eRebAtHRE Y Bihkihg) 8oGNERbWINANTE 28l @ HIGAto bO1abd dnotigh AW t
flows over plane 44, the head of the chip wll

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

and

90°< B < 130° . Gy

The length 7 has to be determined such that the chip side-flow is restricted by the side-flow
restricting plane 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 )

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

FIG.9 shows a eighth embodiment of the chip breaker of the present invention, showing
another design of the chip breaking body in the chip breaker as shown in F1G.2. In this
embodiment the chip breaking body in the chip breaker 22 is formed by the pivoting plane

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



reach the workpiece surface to be machined. As soon as the head has reached
the workpiece surface, it will exert a force on the workpi ece and at the
sanme tinme receive a force fromthe workpiece. The chip body is then forned
into a lever of curled form in which the head of the ch

s the
| oad-1iftingPO*At®recei ving a force fromthe workpi ece, Fﬂgsﬁ%ﬂ’f’%fét
between the chip and plane 44 is the fulcrum and the root of the chip is

the force-exerting point exerting a force additional to the shear force at
t he shear plane. Since the distance frafithe fulcrumto the head is nuch

| arger than the distance fromthe ful crum ) WD 97/ 22429
PCT/ S06/ 00@qtépn plane 15 as shown in FI1G.2 is not included in the chip breaking body] 4n sp¢h a he

root, the force exerted to the shear plane for the additional strain
| eadi ng t odésigne thergeomgtricahparashetens o lthenchip baking bodinloy sa verdahd Bl arad- i fti ng
force applied on the head of the chip. |If the load-lifting force is not

| ar ge enougitetntinal @sing pxprasicw(2)e @) @) rmd{5); hrehehdtphdelfipy whert fidv 6bi fomct S
as a lever to cause fracture at the shear plane, the chip will be broken

and the newtchiysleskind bedy, i mg 2 kstraig-hatdeheds inddulrled @iEbIAAI rddR8 264 Wigd chip
will be opened up by the load-lTifting force until the opening is stopped

by plane 4§ Isi‘ﬁ@-sl%@@ﬁbil%frersﬁfctela(}ﬂ)’thé)gid%m%w xf[é{]ﬂ-i&ed wh:nle bg'e Sréx%fér@,emé oad-lifting

side of the |ever, has reached pl ane 45, ere
supplementary reaction plane 15 as shown in FIG.2 is not needed in this design.

In the design of the chip breaking body as shown in FIG.9, the side-flow restricting plane
93 is not needed in cutting under certain ranges of machining conditions, in which the chip,
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 machining 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 the tool corner 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 F1G.9 is not needed for chip breaking, and it can be removed from
the design of the chip breaking body to simplify the structure of the chip breaker. This is
illustrated in FIG.10 which shows a ninth embodiment of the chip breaker of the present
invention, 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 curl-up guiding



frictional force between the chip and plane 45, which is a further

| oad-lifting force on the l|ever. The lever will then exert a further force
fromthe root of the chip to the shear plane wuntil fracture occurs at the
shear plane. WgoHd» as the fracture has occurred, the chipporkbosidoegak at
its root, forces acting on the chip will disappear, and the next cycle of
chip generating and breaking wll start. The broken chip will then be
pushed at its root by the head of the next chip in generation towards the
wor kpi ece surface to be nachined and brotght by the workpiece to drop

downwar ds t 1&&%%{.}% GORI @10 REnRE bt REnIVRE %mnhé?%_fn%g.camﬁbn@@gn Qfe the

next chip reaches the workpiece surface to be machi ned. From t he above

descri ptions, of ephodi nen f. t. ' e A zan n.that the
di nensi onal SYSFHRE“BEY ﬁesthéﬂ'ﬁﬁ" E?é’éﬁ’l n°§a S(E)B%lﬁigrllz‘t'gn;éccg%f‘abﬁr%g r%rthaézthe HuP
varied wthin_a range

wi thout .1 psing effectiveness..in ghip,breaking.
However , t hds SHREGBY SR AoRun SRR B HoRYerEF §h i plte 7 408 BPERT ne
depth of cut to the distance fromthe tool nose 20 to the side-flow
restricitingupinghalans 4 Ussiip breeker design agrigowndd FLH Lisabbe orabiped iptean |
mght vary wth the ratio of the feed rate to the distance fromthe tool
mai N cutti ng'petigeguiding and poting susfap yhish dndesigned suchibgirit providesboth the up-
Therefore, in one preferred form the dinensional values of the chip
br eaki ng bodyrl rgeidite fundfiers foa fbrming-the.chip isteomisvel dfichitted &mipoahidrtbe pivofing
function for the leverage chip breaking process. FIG.12 shows a tenth embodiment of the
chip breaker of the present invention, showing another design of the chip breaking body in
the chip breaker as shown in FIG.2. In this design, the chip breaker 22 has a chip breaking
body formed by a side-flow restricting plane 13 and an arcuate up-curl guiding and
pivoting surface 96. The parameter b is the same as the one shown on FIG.2. The radius
R, height H and the centre co-ordinates x and y for the arcuate surface 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 steels 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 from 1.5 mm to 5 mm, from | mm to 6 mm, from 0

mm to 0.5 mm and from | mm to 6 mm, respectively.

In the production of the chip breaker of the present invention, if the chip breaker is
produced not by compression and sintering but by machining, the production of the chip

breaking body as shown in FIG.2 may be difficult and costly. An assembled design for the
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breaker of the present invention, with the chip breaking body being

adj ust abl e. anpi ng surface 57 of the chip breaker iS..ln contact
with the clﬁﬂgn%f&% he tool holder. The chip breaking bodS’%lT’éS%P%{?oﬂgsd by an
adj ust abl e body 68 conprising a first surface formng a pivoting plane 52

and a second surface form ng an up-curl gaui di ng plane 54, an adjustable
side-flow restricting body 61 having a rface formng a side-flow

restricting, pl ane 53, ,and the, bo of the chip breaker 64 having_ a surface
f or mi ng a‘:%g’g?fﬁ? e Redy: SRR aYQit ?uﬁﬂ%quféfﬁ‘éons?f?&?%é' df é%ﬂ\?wpr‘ﬁﬂ@ﬂg Whigh

cutting edge 59 to the pivotin | ane 52 can_ be adjusted by adjusting the
| ocati on égowmn sl&wréhsrs@adwé? pf @5 chip breake pf the PrRSpRYi ipvgnBeRi\be®8 anether t he
sawshaped teeth 66 of the body of the chip breaker. Simlarly, the

di st ance bmedifieation lof theodtip henaking dody int the chipdwedkeons shesnrindIGAg Ipthine 53 can
be adjusted by adjusting the |location of the saw shaped teeth 62 of the

si de- f | ow emetmtinbenit tregeHip Hieaking ibody hseinsavessdredeidcHime biehkdd Zombrisebghddpdys of t he
chip breaker. The position of supplenentary reaction plane 55 may be

varied by pagj1sirdngsdpamte sdras4.vEheolsip kaRing fhodPiPioanh e ke theebting plardN@, t 00!
i nsert 58.p%Besi des the structure as shown nlgn FI G 6, ot hgr nmet hogls]1 of fixing

and adj u;@tm SAMn2/phAena dh3aticlMove RRRICHHE blahd193 adhb $ia & & fu Degaker

body of t chip breaker according to the present invention. The sane

adj ust abl g, chi g, DI LK @%n@%%fzﬁgg‘h%}eﬁ%agﬁért?wSf‘ﬂe\‘@%seadga?)ng RhREn GERAg ment s

of the chip breaker shown in
part 22 and the separate part 94. By varying the value of g the position and effectiveness

of plane 93 can be adjusted. The assembled chip breaker is pressed on the top of the tool
insert 18 by the clamp (not shown) of the tool holder (not shown). The clamp engages on
both the top 17 of the main part and the top 95 of the separate part of the assembled chip

breaker.

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
present invention have been illustrated for some lathing processes. This is because
problems caused by continuous chips in those processes are more serious compared to other
metal cutting processes, such as milling. However chip breakers of the present invention

are applicable for other metal cutting processes.

In the above described drawings, only embodiments of the chip breaker for cutting with flat



FIG 7 shows a sixth enbodi nent of the chip breaker of the present

i nvention, in which four chip breaking bodies of the present invention are
constructed on the top of a tool insert to forma chip breaker insert 71.
The chip brealgrgrhiigert has four cutting edges 72, 73, 74 3pdstRebddide I N
turn used as a main cutting edge in cutting processes. A chip Brea Ki ng

body as described in FIG 2, conprising planes 76, 77, 78 and 79, is
constructed to work with the cutting edge,72. Anot her chi p breaki ng body
as described in FIG 2, conprising planes %% 81, 82 and 83, is constructed

}:%T)Agg; 6woggiag<h?aCQQB§énr&goEq§ﬁg tg’ol K%‘ﬂ]%}sr@{th gma%p on top of tl\/&hglg brefge %ﬁy%g?(elnn g
|l anes 86 and 87

body as descrt, bed risin

const ruct ed f]h' ¢ %l\}\ﬁ PHIOE H’eg‘ggcf eéjgaégﬁ’é’mf'lc a%&‘i‘ﬂ@l’ea il ﬁ‘”B‘r@g?{l‘?‘ﬂjs ®6dy
as descri bed |n FI G 2 FISIHQ?R%anes 88, 89, 90 and 91, is constructed
to work wit hPFiRgclamped: rféf‘:l?e%@“’?@ a m (':}Pea'?PﬂD’ 1§ the ghop, breakep forslopating dha elemp
with the tool holder clanp (not shown). The chi p breaki ng body of the
chi p breaker onor diing the €hipi breaketogether Witk thedpaltinseatt anthe igo! holdexica be t s

geonetrical paraneters, in many fornms to suit the needs of practical
appl i cati on constructed accordmg 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
coolant. In dry cutting with the chip breaker, the chip will be broken into small pieces 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.

In general, although the surfaces of the chip breaker have been shown planar (except for
surface 96 in FIG.11), they may be of other surface shapes provided they can still provide

their functions in the chip leverage process.



of the chip breaker or to neet production requirenments. The geonetri cal
paraneters of the chip breaking body include (see FIG 2): 1) the angle
bet ween the tool rake face 21 and the pivoting plane 12 of the chip

breaki ng body err], 2) the distance fromthe tooI edge to
the pivotinyOSIa#2° 12 of the chip breaking body, b, {Lﬁgg\ﬁ%ﬁﬁﬁl %f the

pi voting plane 12, w, 4) the angle between the pivoti ng pl ane 12 and the
up-curl guiding plane 14, [err], 5) the length of the upper-side of the
pi voting plane which joins with the | oweR4si de of theeﬂm'curl ui din

pl ane, 1, and 6% the angle between the side-flow rest J,ﬂﬁuﬂum .
t he

the chip b body and the tool main cutting edg
chi p breaking body of the chip breaker as shown in FIG 2, for Sl rrp icity,
the angle [err] is designed to be approximtely per pendi cular to the tool
main cutting edge. An optinmumvalue for this angle shoul d be determ ned
accordi ng tlo Apyaratins for breding| chipsamglneetfleunting process in which a chip is parted from a
workpiece at a 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.

2. Apparatus as claimed in claim | wherein the lever forming means comprises a pivoting
surface for bending a said chip towards a reaction surface and forming a fulcrum point in

contact with the said chip.

”

3. Apparatus as claimed in claim 2 further comprising a guiding surface for guiding said

chip to flow towards the said reaction surface.

4. Apparatus as claimed in claim 3 further comprising a side-flow restricting surface for

restricting sideways flow of the said chip.

5. Apparatus as claimed in Claim 4 further comprising a tool main cutting edge engaging
surface and wherein the angle ¥ between the side-flow restricting surface and the tool
main cutting edge engaging surface is represented by the equation :

y=90"-n

where 1y represents the chip side-flow angle.
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Eﬂrﬁﬁ?s/ 8219i1§ed as the angl e bet vmm’[ml#l"”#ﬂ‘!gimectl on of thychmi ;{] E[f]e
ing €

cutting regi @@ @Rgpbhe normal to the cutt n the rakea/dcdeoo0ed t he
tool (see FIG 2). The value of [err] should be determ ned such that,

during the chip formation and breaking process, the chip can flow out from
t he -chanmber of the chip breaking body and en the other hand its side-flow
is restricted by the side-flow restrictina pl ane 13 so that the |everage

chip breaki g RlRGARS Wik iPLESGAL of MR A1 GA-RAAEAURY SRR HhOT &,
I'gn e [ d fol

an optinmm de or the angl€ [err] shoul | ow t he equation

[err] =90 -.[err ol areaate cteface e
(57100, piefh busface are formed togetber ag a single groupte surface o

machi ning conditions, especially with the conbination of the radius of the
tool corner, feed rate and depth of cut (when the radius of the tool
corner varies from0.4 to 1.2, feed rfate, varies fromO0.1 to 0.3 and depth
of cut varids APRIFANE 35 YYmed IR ARY BRT B SFIEE-F PRVUEHE OmPIiSingS HPPIRMANERe
range from 5 degrees to 70 degrees), for sinplicity, the angle [err] can
be assi gned regiction surfick der mravidimg anhipelementaryateaqtiontvégn fin eentaayodthi therbedy) ofusi ng
a usual value of the chip side-flow angle. FI G 8 shows a seventh

enbodi ment offe faibclopi p breaker of the present invention simlar to

8. Apparatus as claimed in claim 1 comprising a plurality of surfaces for modifying the

direction of movement of the chip.

9. Apparatus as claimed in any one of claims 2 to 8 wherein the position of at least one

said surface is adjustable.

10. Apparatus for breaking chips in a metal cutting process comprising means for
increasing shear strain at the shear plane of chip formation until fracture of a said chip

occurs at the shear plane irrespective of machining conditions.

11. Apparatus as claimed in Claim 10 comprising a plurality of surfaces for modifying the

direction of movement of the said chip.

12. Apparatus as claimed in Claim 11 wherein the position of at least one said surface is

adjustable.



Fig. 2, having an angle [err] different from 90 degrees. In this enbodi nent
the side-flow restricting plane 93 of the chip breaking body in the chip

breaker 22 is perpendicular to thelrlmuﬂul“rlmﬁuﬂamléﬂ and the angle
between th 3 and the tool t 19 is 90
degr ees rreg’\s“g%e & ockwi se from the t ol tcuft i hg 'dge 19. P&%zi'é?fé@?d;n for
the chip breaking body of the present invention w thout having the

suppl ementary reaction plane 15 as shown in FIG 2 can be constructed by
properly WO 97/ 22429 26

PCT/ SG96/ 0Q018 o . : : .18

det er ni ni rg- 'glﬁé"@‘é’éﬂ?é’f’?’i APRATANYS 25 FiAiBe inp any qne of the pregeding clajfg apdaitpolot t he
chi p breaking body, using the correlations between the geonetrical

par anet er angit thedoelningrrhPrexiding? FaeNen SvEfaes for B 1e¥&dndi ti ons and radi us of

t he broken chips, such that the chip, when it flows out fromthe chanber
formed by the pivoting plane 12, side-flow restricting plane 13 and up-curl
guiding plane 14, is highly strain-hardened in curled formof snall radius,
thus the Igudplcombiriagioy, appamtusen ciraebinldyi e ndiclaireedad 12 rant hevdarkpigce,

br eaki ng process because the chip under such condition will not be opened
up to touahe Wafkpsedp previging arrgadiibABerfd® for the lever.

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

insert.

16. Apparatus as claimed in any one of the claims 1 to 12 fabricated in more than one

part.

17. A method of breaking chips in a metal cutting process comprising the step of
increasing shear strain at the shear plane of chip formation until fracture of a said chip

occurs at the shear plane irrespective of machining conditions.

18. A method of breaking chips in a metal cutting process in which a chip is parted from a
workpiece at a shear plane of chip formation, the method comprising the step of 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.

19. A method as claimed in claim 18 further comprising the steps of (1) applying a force
to a head of a said chip, said head forming a load-lifting point of said lever, and (2)

providing a fulcrum between the head and the root of the chip.



before fracture caused by the | everage chip breaking process occurs at the
shear pl ane. Expressions for the correlation between the geonetri cal
paranmeters of the chip breaking body, machining conditions and radi us of
the broken chjps,4an be derived fromthe geometry of the ebirschwvmeisi ng
body at the cufting region. By neglecting the elastic spring back of the
chip, the correlation between the radius of a chip broken by the chip
breaker, r, and the paraneters b and [err] can be represented by the
equati on [err] (2) where h is the

tool -chip contact length (see FIG 2) resulfmd from nmachi ni ng conditions,
nanely the feed rae=, tool rake angle and workpiece material flow stress
properties which are functions of strain-rate and tenperature. The snaller
the value for b, thgfysmaller the radius of the chip. However, b nust be

| arger than h to 3550W the chip to be generated naturally fromthe cutting
region. An increa in the angle [err] will decrease the radius of

//;J
%

%
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PCT/ SG6/ 00018 19 the chip,
but on the other hand it will also, during the | everage chip breaking
process, degreaasephhe force conponent exerting fromthe roedrsdosodves chip
to the shear 6ﬁane, which 1is to be avoided. The smal | er the val ues for

Wand [err], the smaller the radius of the chip and also the snaller the
size of the chip breaking body. However, Wand [err] have to be |arge
enough to allow the chip flow out fromthe chanber of the chip breaking
body. The inventor has found that b
[err] w([err] 5b 2712 L. (3) and

90[err] [err] [errgy[err] 130[err] ... (4) The
length [err] has to be determ ned such that the chip side-flowis
restricted by the gigle-flow restricting plane 13 (see FIG 2) to be within
the limt require?izy the | everage chip breaking process, and on the other
hand the chip can ow out fromthe chip breaking body. The length [err]
should fall in the range: [err]

(5)




where d is the width of cut (see FIG 2). FIG 9 shows a eighth enbodi nent
of the chip breaker of the present invention, show ng another design of
the chip breaking body in the chip breaker as shown in FIG 2. In this
embodi ment t Qg $hpebr eaki ng body in the chip breaker 22 i spd@diMody the
pivoting plane 12, the side-flow restricting plane 93 and the up-cur
gui di ng plane 14. The suppl enentary WO 97/ 22429

PCT/ SG96/ 00018 20 reaction
pl ane 15 as shown in FIG 2 is not included in the chip breaking body. In
such a design, the geonetrical paraneters of the chip breaking body,
[err], b, w, [err] and [err], are deterningﬂ12 usi ng expressions (2), (3),
(4) and (5), such that the chip, when flow from the chip breaking
body, is highly strain-hardened in curled formof snmall radius and with
its side-slow being restricted by the side-flow restricted plane 93.
Therefore, the supplenentary reaction plane 15 as shown in FIG 2 is not
needed in this desi .

Fig. 3
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In the design of the chip breaking body as shown in FIG 9, the side-flow
restricting plane 93 is not needed in cutting under certain ranges of
machi ni ng conditions, in which the chip, when it flows out fromthe corner
formed by thegymmeizeng pl ane 12 and up-curl guiding plane ddysawoboighl y
strain-hardened in curled formof small radius wth its side-flow being
naturally (w thout being restricted by the side-flow restricting pl ane)
under the limt required by the | everage chip breaking process. One of the
exanpl es under the certain ranges of nachining conditions stated above is
in turning of |ow carbon steels at the feg& 2rate equal to and larger than
0.1 5 nmirev when the ratio of the radius €1%the tool corner 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 9 is not needed for chip breaking,
and it can be renoved from the design of the chip breaking body to
sinplify the structurg,of the chip breaker. This is illustrated in FIG 10
whi ch shows a ninth ermbodi nent of the chip breaker of the present

i nvention, showi ng anqgf*her nodification of the chip breaking body in the

chip breaker shown i |G 2. In this enbodi ment the chip breaking body is
formed only by two plages, the pivoting plane 12 and the up-curl guiding
pl ane 14. To ensure the chip is broken by the | everage chip breaking

met hod, the curl-up guiding

& S
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PCT/ SG6/ 00018 21 plane 14
shown in FIG 10 cannot be renoved for further sinplification based on the
structural desdghgs shown in FIG 10, because plane 14 is neeesE§awisoso
ensure that the chip is fornmed into a lever for chip breaking. However,
the pivoting plane 12 and up-curl guiding plane 14 in the chip breaker
design as shown in FIG 11 can be conbined into an up-curl guiding and

pi voting surface which is designed such that it provides both the up- cur
guiding function for formng the chip into Z%L vel of curled formand the
pivoting function for the | everage chip br ng process. FIG 12 shows a
tenth enbodi nent of the chip breaker of the present invention, show ng
anot her design of the chip breaking body in the chip breaker as shown in
FIG2. In this design, the chip breaker 22 has a chip breaking body forned
by a side-flowrestricting plane 13 and an arcuate up-curl guiding and
pivoting surface 96. The paraneter b is the sanme as the one shown on FIG 2.
The radius R, height H and the centre co-ordinates x and y for the arcuate
surface 96 is deterniMad such that surface 96 will work together with the
side-flow restricting plane 13 to formthe chip into a |ever of curled
form and as soon as t@ head of the chip has received a reaction force,
it will work, throughithe contact of the plane 96 with the back of the
chip, as the fulcru or pivoting in the | everage chip breaking process.
As an exanple for designing the arcuate up-curl guiding and pivoting
surface 96, in turning of |ow carbon steels at

o
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cutting speeds from 100mmn to 300mmn, feed rates from0.03 mirev to
0.3 mirev, the paraneters RR H x and y can be from1.5 mmto 5 mm from
1 mMmto 6 mMmm fromO mmto 0.5 mmand from1l mmto 6 nm respectively.

In the produGidhemis the chip breaker of the present invent pefiscédoobfae chip
breaker is produced not by conpression and sintering but by machining, the
production of the chip breaking body as shown in FIG 2 may be difficult
and costly. An assenbl ed design for the WO 97/ 22429

PCT/ SG96/ 00018 22 chip

br eaki ng body can avoid such production p#ﬂﬁ%ens. This is shown in FIG 12
whi ch shows an el eventh enbodi nent of the chip breaker of the present

i nvention, being another nodification of the chip breaking body in the
chip breaker as shown in FIG 2. In this enbodinent the chip breaki ng body
is in an assenbl ed chip breaker conprises the main part 22 and a separate
part 94. The chip breaking body is fornmed by the pivoting plane 12,

up-curl guiding plane 14 and side-flow restricting plane 93. The planes 12
and 14 are on the maigypart 22. Plane 93 is on the separate part 94. There
is a gap g between the gain

QD

© puae(

o




part 22 and the separate part 94. By varying the value of g the position
and effectiveness of plane 93 can be adjusted. The assenbl ed chip breaker
is pressed on the top of the tool insert 18 by the clanmp (not shown) of
the tool holgglef@s shown). The clanp engages on both thecrseeddooed t he
main part and the top 95 of the separate part of the assenbled chip

br eaker. The manufacturing of the chip breaker involves only sinple
processes of machining and surface hardening in the case of tool steel
manuf acturing materials, or conpression and sintering in the case of

tungsten carbide or ceram c manufacturin terials. In the present
drawi ngs only enbodi nents of the chip breaker constructed according to the
present invention have been illustrated for sone | athing processes. This is

because problens caused by continuous chips in those processes are nore
serious conpared to other netal cutting processes, such as mlling.
However chip breakers of the present invention are applicable for other
metal cutting processes. In the above descri bed drawi ngs, only

enbodi nents of the chip breaker for cutting with fl at
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insert tools using tool holders with a clanp on top of the chip breaker
have been ilyysisa3ed. This is not to be construed as Iimg,@ir,g?{gﬁ,@m chip
breakers with other ways of being clanped, such as having a hole in the
body of the chip breaker for locating the clanp or for fixing the chip
breaker together with the tool insert on the tooI holder, can be
constructed according to the present invengjgn. is also possible to
construct the chip breaker together with a tooI |nsert to forma chip
breaker insert of the present invention, which conbines at |east one chip
breaki ng body of the present invention and the tool insert. The chip
breaker of this invention works under nmachining conditions with and w t hout
a coolant. In drygeutting with the chip breaker, the chip will be broken
into small pieces of  |ess than one circle; when a coolant is applied to
cutting with the cwnn breaker, the chip wll still be broken into small

pi eces in | ess thap—bne C|rcle which is simlar to dry cutting, and the
radii of the brokeﬁ‘thip circles will be smaller and nore consi stent
conpared to those in dry cutting, because the ductility of the chip

material is reduced by cooling. In general, although the surfaces of the
chi p breaker have been shown pl anar (except for surface 96 in FIG 11),
they may be of other surface shapes provided they can still provide
15 & BN
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their functions in the chip | everage process. WO 97/ 22429

PCT/ SG6/ 00018 24 CLAI M5 1.
Apparatus for breaking chips in a netal cutting process in which a chipis
parted fromggoweikpi ece at a shear plane of chip formati orrcTeswyRotess Ng

| ever forming nmeans for formng a chip into a lever for exerting a force
to increase shear strain at the shear plane until fracture occurs at the
shear pl ane. 2. Apparatus as clained in claiml wherein the | ever

form ng neans conprises a pivoting surface for bending a said chip towards
a reaction surface and formng a fulcrumpoint in contact wth the said
chi p. 3. Apparatus as clained in claim?2 further conprising a guiding
surface for guiding said chip to flow to®é2ds the said reaction surface.

Fig. 9




4. Apparatus as clainmed in claim3 further conprising a side-flow
restricting surface for restricting sideways flow of the said chip. 5.
Apparatus as clained in daim4 further conprising a tool main cutting edge
engagi ng Ssun{@egapd wherein the angle [err] between the sipdestbédois
restricting surface and the tool nmain cutting edge engaging surface is
represented by the equation:

[err] = 90[err] - [err] where [err] represents the chip side-flow angle.
WO 97/ 22429 10/12
PCT/ S&6/ 00018 25 6.

Apparatus as clained in any one of clains 3 to 5 wherein the guiding
surface and the pivoting surface are forned together as a single arcuate
surface. 7. Apparatus as clained in any one of clains 3 to 6 further
conprising a supplenentary reaction surface for providing a supplenentary
reaction when in coﬁE?ct with the body of

SN

® pom(




the said chip. 8. Apparatus as clainmed in claiml conprising a plurality
of surfaces for nodifying the direction of novenent of the chip. 9.
Apparatus as clained in any one of clains 2 to 8 wherein the position of at
| east one 5@{(?9 ﬁgggace i s adjustable. 10. Appar at us forpdreedsicogischi ps
in a netal cutting process conprising neans for increasing shear strain at

the shear plane of chip formation until fracture of a said chip occurs at
t he shear plane irrespective of nachining conditions. 11. Apparatus as
claimed in Claim210 conprising a plurality of surfaces for nodifying the
direction of novenent of the said chip. 12. Apparatus as clained in
Claim1ll wherein the position of at | ealsltllfne said surface is adjustable.
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conbi nati on, apparatus as clained in any one of the preceding clains and a
tool i nsertwotgplgz&@ol insert providing a reaction surface pt@fscbbesisever.

14. 'I n conbi nation, apparatus as clained in any one of clainms 1 to 12 and a
wor kpi ece, the workpiece providing a reaction surface for the | ever.

15. Apparatus as clainmed in any one of clainms |I to 12 constructed together
with a tool insert. 16. Apparatus as clainmed in any one of the clains 1
to 12 fabricated in nore than one part. 17. A method of breaking chips

in a netal cutting process conprising th%zg%ep of increasing shear strain

at the shear plane of ip formation until fracture of a said chip occurs

at the shear plane irrespective of machining conditions. 18. A method of

breaking chips in a neéil cutting process in which a chipis parted froma
® pnd

=




. H . $
wor kpi ece at a shear plane of chip formation, the nmethod conprising the
step, of formng a chip into a lever for exerting a force to incre S8HN-T .
strain at the shear plane until fracture occurs at the shear g ‘
A method as clainmed in claim18 further conprising the stéeps ghtPie) }fog
appl yi'ng a fOfCP(th) a headw@imamsab@lmhhpgsma;mmﬁd«form ncR

| oad-1ifting pornt "of said |ever, “Bt*ovi.di ng a ful crum bet ween t he
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strain at the shear plane, which is the joint between the chip and the workpiece, until fracture occurs at the shear plane. This is achieved
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