




















































































































































































































































































































































































































































































































" <
o !
I .
138
i
IS
<

s : A
: a3 15 |1 3ERRS w23
+ PR RS DRSNS 1 hi 3 .. .
+ 9 SRS ERE S s SE 0 -1 il
HHH S HIE i 53 SEIRE SRS
it 21 ! s :
33asas & A 34
e e s +
4 B 1 3858 hagt £
b 3 2
51 SRS SRIE 1T $3: 15531 580 :
eead - I (
i 1] i
o5 o -+ 7
T 3 po 4 94
s Hidde t 4
1]
1
46]
2 =
”1 »U.«
T ppany
1 1”4 -
el -

pgae
JIRS aawas u! 2
[gs = b9 290 zm.u.
14 Fi sPoks pudes sa bl ,
? pas segps -
+y o jas sages
=11 +4 ot ey -
3 - i 1
jaa. HiE ‘ :
] S S8 000 EEgnE
I
# PO S

kS

Rt b E

CHIP THICKNESS _ mm

983

2.0 3.0
P, mhmﬁkmh WIDTH - Rx

iner = 35 YETTEML




WW-HITIM SHIMYISE dIHD
£é

- - - -
S /8 a°c S/ g¢
354 38323 SS38S SRS ERE3T 1032 1ESRS soRss Sante 5! 133 335
He=: 1983 Sgoes
resae i
jEEss ESHe: Iads
pgat $a0ga ets
a2 7332
[535: 3
hes i
i 43¢ i88ey
RSSS 9004
:
ifs:
- j§545
= :
T4 segse
& b4+ 4]
2% ; : .
3y 3% i GLnnREL SeH I8 4assisls 0
L §888 soede 38 e ooy fuali joads $304 1 T HES tH
Fpe=s s3zay tyaye TR paas vasg: 195 s saase
SHLEH 3, S iR 8 e s g A
L et s 141 + Yt 14 4 098
PARSSE 2222 by + The - v - - + + 4+ + o4
=2 e i § HB T AisE i
12009 200a: 4 + jugs 8 Qx,u’dx
P ki SN IR At o : H
128 5 1 933 pdus one 1 T e dpass
111 1 v i3] 4 ¥ ¥+
i ; i a3 R aE i B i SHETOY0 | X
THT : i 38 1934 5 55 I3 -~
~ T e H 44
s e igits tH Finh R R T d
3 : 38 $283
e’ 4 138 &
13 29 .L + . ww £
22 S3351 2824 ot sg%es sdzed o
++ .-»A«H » - 4+
33 23384 21 1SSt 32T I tH B I I._
j3t ingpd 13 s8§Es 53 ti
i b i i he M .
. ¥ -4 S ene $- -
ST ! 1 i o
RSS2 ERRSS deden bhesd &
.M...T: w~ jaass -
I3 S ¥ R4 18 - 1+ -
sk she e gy HH vt R
}38 O3R1 2830 18Ted sgans spuds -+ 1 s fae! : x
5§ ERERS E4301 {3823 15354 A2 : i B 33 st s 83435
H $aiisedtiont
abimbmhnEne ! + Hh 3t <
|2 7008 sasas prags faspy s gst b
118 $8443 £08s: coagt shis: N FHH ™
2830788 setkeall it ¥ .
! (/4
253 23223 F2222 paRas sucys sanys . 1 $ S
|38 30904 386¢ T w1 - og 24 e
551 5831 S1%s! i t1H :
jae R 89 —t —
293y o321 5L o0 - 1t = ' 13 2853 3344 S3833 £ S
iy it jege 3 M iy 134
}pP9s snpos suge a8y T 19y g8 s senga n ]
JOReE 594 e PR L +53
[$85s svas 14 J bry
be 3 +
SR iy H3s: & s | {52 =4 W
opde syt & jog! SRt ot oy cRE R . w
- 3r: TG 0
T i e
: 35 ¢ 55 3 i s
338385 o=t 5 & 033 S383E Y +
. b [§ ShaSe 3]
. I el & ¢ - 3 e
v s s t
§ t
R g ok 3 :
; by towss * T it ¥
s § 333 : : + 3
: + 3 .
+ + +
: as T 1 :%3§
- T }
- 1 H
+ 3
T iie
o8 &
+ 2¢ soner som:
1904 25004 podté
nkishin oS
1S22T SRR LT 22T -
g b sefst
i
41
et
W‘um —uw »wbwf 108 B¢ ¥ 40”“..
PIios sugoe snacs sonasshant 1ot Spd
WTM 14t .mﬁu M«n W.U» .mlﬁ,?w‘
SH291 1SS 12421 10004 18249
HERER R LR
et tngcatiehs 1R Ese IR IRL s




wWW = HIAIM YIHVINE dIHD
SE se S/

g T T
; 535888 ot aass
[ IS8Y SG006 15 §5¢ +
T Be0Y spoe
5 Hetps t
2 Jud 18984 i8¢ +
I RGes FRw ps ¥ *
53 gt i Y]
terdy e t
T
oa saet T
e [pass 15e bag gapas vy s
= oRIES oBd IS
P 21 Y
jesees T " 1 Q
12 Hit - H "
o wa s Tt
: F: 23 r3sTs sRget rOAN 3 b
5 i 33 1945y
T T 3238 IE0se s :
=M™ : gaenyia i
s T 1%
! it 13 1 r
o : i i i rrid D
Clhs : g G Ay TR i T
- . MH bt ' a pase I 11111 H
- - T 8 8. L
: Ji: 53 § 141 352 sagqasdy i I i 1H
s Jo 1 1181 2545t o e ot o1 o [§8sies 1yosgdness
1 1 19881 dngundag L s
. y igges 1§20 2 T g 121 Ir T xgg
122 IR igate b ¥ 48 88 34 i 289
5548 i, 1 1y g 19844 584 Y
13231 28 TEERET, ) sseq pSy paasy 14 o e . T -~y
i i5s Hag o : i s g s : 1 £
998 100 158 donsf S88s 2320 o1y } Il J iy 1i: o
IEENY 2999¢ 12091 . LAY . rer -y
4 a1l 34 2 1 Qe o T ~
. FhaN Y LR s
ISE28 I8 g ! s
o E S : ek 233! ”
SRR SES3% inses istn + by t
IREEe SEEeS riie o b j&% ‘ + m + N
+3 - . <
T s g HD
. 131 o} §¥ 7 b
: ; i e ™
29 s33sggnienes ssssaagys spgua s iegs S
35 13 pesd isdda phigs & i
- > josy s¥agde id ; 3378 iedss
I 35 s2353 18238 13 111
[H# i
i3 $$8sed saedd et
158 s 1epsa Ratt arse dgee segpe s 2 sgghazngds ¢ . f
Ty MY . “1t +4 B
il I ‘.,( 4 $398a 12283 iSaisigais a8 &
534984 ! 1+ o2 +H ¢ +
2521 5000 spgns 20 praes 2 eaee a
R 385 SO IE N S ssdydfaadat o 2
3 s3981 SRtE I TENE S H $ala il Hit >
132 13220 150 RE e 2 -
ES2s I3853 £332¢ 81 i ‘g8 1 8
j23%¢ $839% $4454 51 R Y 83. tegfs
T T . *
25 1
. b ol k¢ 1
~ peas sQEe u
e . —
194 8. e
I E & H
RV 1R B33s Sl
h 5. ' iy o
- - - af
- - o Lot
pERYT STTeS SPee :
PEPRE s0O0e S50t 190Ts SEEe SEUPE S9SSE my ppwe 1
drpis 5 B
R 3]
= t
D *t
T 3+
jo 825 Sopes
: Suy
: 3
7 * . o 129
J 3 : 1334
; : : b 3¢
1 t i 38!
ps ¥ -+
+ » o I3
¢ 14 ’ 11
. 84 M -
- +y . -




[ages

v . T T hos
MIDYS SRaet [SDe 2agne

[RNSs prbgs

iks

[0 BT DS LEPES.

isa

o sudos andt

¥ :
- c -t Sl
[~ H ‘.
: . :. v
- BT .
Py i |
T
1 s 1
! H S
T 1 o e
: V- . i .
1 i .
i N
. .
e .
. i E
T 1
S Dy . i
- S e : I
- . S Liiidle e

oe

ON = (T&II1L&IN) JOHDS ONILLIPD




Y IMNVIHIGIIHI

g2

X

a

3

............

5 i

TR

.....

,,,,,

WS SOWPS S
P

filiogeann

N T N TWIIA8IN) TINOS ONILLND




He

HLAIM
(3

HINVIYHGIIHO

s

o%

a

se

ae

h.s\

oo

oil
L . - S SHNE S - -
D S S A (Y S ; n
e

og

T 5@

L9/

{ vor

1 sors

oy e
: ;
. i
- :
S A
: it
: A
S S B S
: o
: ” VLT R
; S SIS R
P — ISP SR
[
&
: ] A
Lo NSRRI
. b1 -
:
:
I
N

(7621493A) FIMDS INIL L7

-9”-




- 100 =

pressure on the cutting face of the tool, however, no theoretical
support to the above explanation has been obtained. The character-
jstic change in the cutting force shown in figs. 67-68 was explained
as follows: When the chipbreaker width was reduced, the chip was
forced away from the tool face and the extent of the tool-chip
contact was reduced. Due to this there was. an increase in the
specific normal pressure and a drop in the mean coefficient of
friction which led to a reduction in the cutting force and chip
thickness. That was so up to the characteristic points of minimum
cutting force and chip thickness. Further reduction in the chip-
breaker width led to the condition that the chip was bent so tight
so that it gave an extra frictional force. Very small chipbreaker
width will lead to over-breaking or building-up the chips in the
vicinity of the chipbreaker which lead to an extensive increase
in the cutting force and chip thickness and finally breaking the
tool, The additional cutting force and change in chip thickness
are to some extent affected by the amount of bending of the chip.
Although chip breaking at low cutting speeds can be satisfactorily
obtained by using ground step chipbreakers in dry conditioms,
coolant was found to be very helpful in providing good chipbreaking
results when small chipbreaker width was used..

| From each curve in Fig. 55 and similarly 56-69, two character=-
istic values of chipbreaker width may be selected, One of these was
taken to be the value at which chip thickness or cutting force
reached the highest allowable, beyond which built-up and over-broken
chips occurred. This condition corresponded to the lowest permissible
chipbreaker ratio (width/height). The other value of the chipbreaker

width was that giving minimum chip thickness or cutting force,
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Figs., 70-74 sgmmarize these values, and show that optimum proportions
of the chipbreaker are almost independent of feed. Figs, 70, 71 and

73 show the chipbreaker proportion for two conditions for aluminium
alloy HE30WP and steel EN1A respectively. The first condition
corresponds to the minimum chip thickness, and the other condition
corresponds to the lowest permissible chipbreaker ratio, below which
built-up and over=-broken chips occur. By classifying the chips
obtained during these tests (when using chipbreaker proportion ratios
varying from those giving minimum cutting force and chip thickness, to
those beyond which built-up chips were obtained) to effectively broken,
partially broken and unbroken chips, low values of chipbreaker ratio
were found to give more effectively broken chips. Similarly Figs., 72
and 74 show the conditions for minimum cutting force and lowest
permissible chipbreaker ratio to avoid built-up and over-broken chips.
The lowest permissible chipbreaker ratios for steel EN1A are distinctly
higher than those for aluminium alloy HE30WP. The intérpretation of
Fig. 70 is that for the conditions mentioned, the chipbreaker might
have a preferred shape WIDTH/HEIGHT = 2.5, or any other value not less
than 1.5. From Figs. 70-74 it can be concluded that in order to obtain
broken chips with lower cutting force on the tool face, the chipbreaker
ratio must be taken equal to the largest chipbreaker ratio within the
conditions of lowest permissible chipbreaker ratio which avoids the
built-up chips, and minimum cutting force which gives broken chips.

It is significant to mention that during these experiments, some of

the dial gauge readings were affected by the chatter of the tool
dynamometer and machine tool system., However, this did not change

the manner in which the cutting forces changed in relation to the

change in the chipbreaker width,
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Second Stage

This part of the investigation included the analysis of the

experimnental results obtained at high cutting speeds up to 100 m/min,

Tests were performed on a lathe equipped with 12.5 HP main motor using
a ;Recial tool holder fitted with highly polished sintered carbide

tip (Fige. 33), Strain gauges were mounted on the shank of the tool
nolder to provide an accurate measurement of the vertical énd horizontal
components of the cutting force. Curves were plotted of cutting

force and chip thickness versus distance of the chipbreaker wedge

from the cutting edge (distance w Fig.. 38). A set of results for
aluminium alloy HE30YP cut at a speed up to 70 m/min using a tool of
zero rake angle and a chipbreaker of 55° wedge angle (angle of the
jnclination of the chipbreaker face from the cutting face of the tool)
are shown in Fig. 75. Similar to cutting at low cutting speeds the
cutting forces (both the vertical and horizontal) as well as the chip
thickness passed through a certain minimum value as the chipbreaker
width was increased. From each curve in Figs. 75-77 two particular
values of chipbreaker width may be selected., First value of chip-
breaker width was taken to be the value at which cutting force and
chip thickness reached minimum. The other value of the chipbreaker
width was taken to be the value at which cutting force and chip
thickness reached a level 10% higher than those obtained at very

jarge width (virtually without chipbreaker). This value was taken
first by assuming that if the cuttihg force (or chip thickness) is

not increased by more than 10% the tool wear will not be significantly
jncreased., During these tests, it was found that the number of regrinds
required by the tool tip at those two conditions of cutting force
were nearly the same. Therefore, the assumption made earlier was
considered to be valid. The significance of the chipbreaker width

at which the cutting force was 10% higher than those for large
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width was in producing good chipbreaking performance provided coolant
was used to eliminate the appearance of the built-up edge and to
reduce the danger of built-up chips. By examining the chips pfoduced
during these tests it was found that the tendency toward producing
effectively broken chips was increased as the chipbreaker width
approached the value corresponding to 10% increase in the cutting
force. However, sometimes built~-up and over~broken chips were
produced at that value of the chipbreaker widthe From Fig. 75 it
can be seen thét the conditions for both minimum cutting force

and cutting force not exceeding 10% for the vertical component of
the cutting force were obtained at a chipbreaker width slightly
smaller than those for the horizontal component of the cutting force,
Figs. 76 and 77 show the effect of the chipbreaker width on cutting
forces and chip thickness for aluminium alloy using a hSa’wedge
angle. Curves shown in Figs. 76 and 7?7 are similar to those shown
in Fig. 75. From Figs. 75 and 76 it can be pointed out that the
ratio of chipbreaker width to feed for 55° wedge angle is slightly
larger than that for h5° wedge angle, That means, in order to
obtain good chipbreaking results, the chipbreaker wedge should be

set closer to the cutting edge when using small wedge angles,

From Fig. 75, for 55° wedge angle, the conditions for an increase

in the cutting force not exceeding 10% was found to be w/s 210.5

for the vertical force and Q/s ;;12 for the horizontal force.
Similarly from Fige 76 for 45°\wedge angle, the conditions for an
inecrease in the cutting force not exceeding 10% was found to be

w/s > 9,2 for the vertical force and w/s > 10.0 for horizontal
force. However, the numerical values for lower speeds were slightly
higher.. From Figs. 75 and 76 it is clear that the cutting forces

- increase with a decrease in the wedge angle. That is explained by
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the fact that the length of the chipbreaker contact increases with
the reduction in the wedge angle, However, extremely large wedge
angles may obstruct the chip flow, Experimental results obtained
when cutting steel EN1A using a chipbreaker wedge angle of 450,
Figs. 78-79, show that conditions for cutting force not exceeding
10%, was obtained at a slightly larger ratio w/s for both vertical
and horizontal force (w/sz 10,5 for vertical force and w/é > 12
for horizontal force) than those obtained for aluminium alloy HE3OWP,
The coolant was found to be very effective in promoting good chip-
breaking and at some small chipbreaker width it was not possible to
work without coolant. Such an effect of coolant was explained by
the fact that it was responsible for the eliminationof the built-up
edge, and reduction in the friction and temperature effects, On
the basis of these experimental results it may be concluded for
this type of clamped wedge chipbreaker that, in order to obtain
satisfactory chipbreaking, the chipbreaker wedge need not only to
be set at a certain distance w, which can be expressed as some
multiple of the feed s, depending on the material being cut, but
also to have a certain angle of the inclination of the chipbreaker
face (wedge angle) taken in accordance with (w).

’To establish the performance of the ground step chipbreakers,
different chipbreaker dimensions were tested with different materials
at cutting speeds up to 100 m/min., Figs. 80-83 show some results of
the experimental tests for aluminium alloy HEZOWP and steel EN1A
obtained at the conditions mentioned using coolant, Similar to those
results obtained at low cutting speed, the chipbreaker width was. found
to be the most important parameter in controlling the chipbreaking
processe. The chipbreaker height, feed and.cutting speeds vere found

to have a similar effect to those at low cutting speeds,

g



st by

el
Vorh

[ R
Sl sdddi

T Wase,
ARER.
- MM

o

3.0

SISt TRERRTERNL TUREE ION

25

CHIPBREAKER WIDTH

2

)




o9

[P ey

Hw'ﬁ

i

.;.;..‘L.J

- f"f;

booor

Ll

EEER EEE N

cielyian
e tha Lo

Lo d

SSINMIIHL dIHD

ww -




HLQIM HTHY FHTAIH I

oe

£

[E9 SUSDS PINE PREE SHNSS SE

(7&214830) 32804 INILLIID

‘o8 -




WW = HITIM YIS TEIAIHD

£e

o¢

£
R IR o

[ &
T

IR —|

JERNDE S
T

ye2

Ll

S3INNIIHL dIH2

ww =~




ww ~ HITIMN  H3IAUYVIHLIIHO

£t o s‘o 2’0

U Ey os <Yy oY <€ o€ s ¢
T T IR T T ’ T T T | SRESS soes Sutmet T T - e T v - -
I : o } M T M S SR : iE I EE ﬁ ! : : : m
[ . R N JAUNPD SRS R PUPUNS (RN SO G GRS SRR S s SR G RS SR O S i ke el .
1 H : ; ! ! i o : : R
! ; : N | c ; . R I
k 1 t t S e . .
L I m U SRS : -
“ ; ! Col : ,w S N
! ._ R : : | ss
i i - S d S ESOUS S NNEL SENES M
A M T
PSR S Lo e .
H H . i
: : : I
+ ‘ w
' . i
” 159
T ~0.Q‘”1u4,|.'rﬂ.r(>u.).ul .’AOMb»» ~
i 1
S A
RS L - =

1)
™~

......

33404  INILLNI

SV T TYIHLYIN T




Www =  ITIM Y IHY ISETIIHO
o9 w..h os Yy oy se 2°F€ ce ae ¥ o7 0 oo

T B ” T ~ T B H T . - B RS
! I f A P N m RS SRR RS EERRARE ' I | R R SRR
{ : . ; { : ' : ; : . ' : ! . . . | N

.ntu\..wh _ g

—— ¢

{

{
R

R

CELS e,m‘_ 31ING FIVH

T éﬁsﬁq §§§ T

S Bt ;W,.‘wumrmlm .
NN GE .. w HidIT :
w910 BT

IR enmiranos raibd
VINT .Ewsw gmﬁ«&uaﬁwﬁw o

-4

*
o
sl e

R e aaty

!
]

o
' ; ; :
N . .
SOUNEE SUNIS S SR )
y '
i !

+

i

| i : .
’ 3 ) ’ B N . .
rop O SIVUR SR .SV EUENE SN TS :
o . ! B B ! M
+ . .
- b ‘ -
.
b
,
‘

: i . B N : :

B : - i i ' . - -
; : ! H : i :

i | ! ! . i i .

: j ; ! i i ; ! . '

H 7

i
; S m l.mr
40 | I19M8 wwttk e .
?m uwmnw SPINNA

R A SRR AL SO SRS 04 NN NS SEASS NS SN . . ERURES E ST N RS SN SIS SHAE0 T

SSINMIAUHL AIHT7?

wiw —




- 105 -

4,1.,2 Summary of Some of the Experimental Results

It was a part of this investigation to make the task of chip
control as easy as possible for the machine oﬁerator. A solution was
found to the problem of chip breaking within the conventional cutting
conditions, A simple method of finding the dimensions of the chip-
breaker was found, Different types of chips were rroduced from
different materials using different geometries of the chipbreaker.
The chip thickness and the chip curl radius were carefully measured

with a micrometer. Different regions of chip breaking were recognised

such as over=broken and built-up chips (the chip length <:5 mm) .
(This type of chip is not recommended mainly due to the reduced tool
1ife or some times breakage of the tool as a result of increased
cutting force), effectively broken (up to 30 mm), broken (over 30 mm)
and no chip breaking region. The recommended type was found to be
the effectively broken chips. The chips of up to 30 mm long produced
within the effectively broken region ensures satisfactory chip removal,
In order to find the optimum chipbreaker width which would
give a reliable chip breaking it was necessary to have a diagram of
the chip bréaking effectiveness (that means the chip breaking degree
in relation to the chip curl radius/feed ratio)e. In éccordance with
that a series of tests were carried out on aluminium alloy HE30WP
and steel EN1A at different cutting conditions and with different
tool geometries. As a result, chip breaking effectiveness was
established for aluminium alloy HE3OWP and steel EN1A. Figs. 53-54
show the chip breaking effectiveness for aluminium alloy HE3O0WP and
steel EN1A respectively using a rake angle of 15° and cutting speeds
of up to 100 m/min, From Figs. 53-54 it can be seen that in order
to obtain effectively broken chips the chip curl radius should have

a certain value which is some fixed multiple of the feed. Accordingly
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the chip breaking effectiveness would best be represented by the ratio
of the chip curl radius to feed (Rc/s). The reason that the ratio of
Rc/S was considered to represent the chip breaking effectiveness is
based on the experimental evidence derived from Figs, 53=-54, and

which show that all points corresponding to lines RC/S = 20 for steel
EN1A and Rc/S = 25 for aluminium alloy HE3OWP, give effectively broken
chips. By taking into consideration the characteristic ratios of chip
curl radius and feed at which effectively chip breaking was obtained
(namely Rc/s = 25 for aluminium alloy HE3OWP and Rc/S = 20 for steel
EN1A), charts shown in Figs. 84 and 85 were arranged for the conditions
mentioned, so that to provide a speedy method of finding the
dimensions of the ground step chipbreaker. An example of finding the
dimensions of the chipbreaker is shown in each chart,

To use any of those charts suppose, for example, we want to
obtain an effectively broken chip when cutting steel EN1A at a cutting
speed of 70 m/min with a feed rate of 0,2 mn/reve, and depth of cut of
3 mm using a rake angle of 15°, According to the chart (Fig. 85) for
steel EN1A we start from the point corresponding to the feed 0.2 mm/rev,,
and move horizontally till the intersection with the characteristic
line of effectively broken chips'(Rc/S = 20). The projection of that
point will give the chip curl radius, In this example the bending
radius of the chip curl is 4 mm. According to equation (3.26) this
chip curl radius for a chipbreaker height of 0.7 mm corresponds to a
chipbreaker width of 2,46mm « That means in order to obtain effectively
broken chips for the conditions mentioned the chipbreaker step of
0.7 mm high should be grounded at a distance of 2.,46mm from the
cutting edge. Charts shown in Figs. 84 and 85 are of significant
help to the operator and therefore it is reasonable to suggest that
similar charts should be available for the conditions used in any

particular work shop in order to obtain satisfactory chip breaking

[
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results, It is important to mention that charts of this form were
first developed by Henriksen(7)Q. However, the charts shown in
Figs. 84=85 which were obtained for materials and conditions specified
on them are different from those used by Henriksen, in that different
approach was made for the arrangement and determination of the results,
It is significant to mention tﬁat these charts are strictly
recomnended for the conditions mentioned on them, and any change in
any parameter affecting the cutting process (such as approach angle)
will give different results.
During this work many other experimental tests were carried
out such as tests on different chipbreaker wedge configuration (Fig. 86),
and other shapes of the ground chipbreaker. However, it was suggested
that there is no need for showing all the experimental results obtained
during this investigation, and a typical example will suffice,

L.2 DEDUCTIONS FROM THE ANALYSIS OF THE EXPERIMENTAL RESULTS

ke2.1 Deductions from the Analysis of the Experimental Results Obtained

at Low Cutting Speeds

Te The chip thickness as well as the cutting forces will have

minimum values at a certain chipbreaker width, Figs. 55=69.

2e For ground step chipbreakers the width of the chipbreaker at
which the chip thickness and the cutting force are minimum depends

to a great extent on the height of the chipbreaker, Figs. 55=69,

3 The change in cutting speed up to 10 m/min has no significant
effect on the optimum chipbreaker width at which chip thickness and
cutting force are minimum, Fig. 55,

4, The chipbreaker width at which chip thickness and cutting
force are minimum cannot be considered as the hest from chip breaking
point of view., However, for best chip breaking results the chip-

breaker might need to be set closer to the cutting edge.
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Se The optimum chipbreaker width at which chip thickness and
cutting force are minimum is related to the feed, Figs. 55-69. The
chipbreaker width reduces with the reduction in feed.
6o Positive rake angles over 8°.ﬁave no significant effect on
the chip thickness. However, negative rake angles will greatly
increase the chip thickness, and cutting force, Fig. 87,
7 The range of continuous chips was found to increase with
increase in rake angle.
8. Negative rake angles are characterised by the production of
discontinuous chips, and reduced tool life caused by the extreme
conditions of high cutting force and temperature at the cutting zone,
9. The materials were found to fall in the following order in
decreasing the size of the range of discontinuous chips:

Aluninium alloy HE3OWP

Steel EN1A
10, The use of chipbreakers may give a reliable chip breaking
with lower forces on the cutting tool,
1. The change in the cutting force and chip thickness may be
explained in terms of changes in the mean coefficient of friction
of the chip=-tool contact,
12, The additional cutting force and change in chip thickness
are to some extent affected by the amount of bending of the chip.
13, Coolant is considered to be helpfull in promoting effective
chip breaking, due to the elimination of the built-up edge.
14, Chip breaking is bounded by the conditions of lowest permis-
sible chipbreaker proportions to avoid the appearance of the o§er-

broken and builte-up chips, Figs, 70-74,
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15¢ The lowest permissible chipbreaker proportions for steel

El1A are hiéher than those for aluminium alloy HE30YP, Figs. 70-74,
16. Chipbreaker proportion for satisfactory chip breaking taken
within the condition of lowest permissible chipbreaker proportion

and condition of minimum cutting force and chip thickness, will not
lead to a significant increase in the tool wear,

17. The lathe being used was found to be satisfactory for the
purpose of this work. However, some of the readings of the dial

gauge dynamometer were affected by the chatter of the tool dymamometer

and machine tool system,

4,2.2 Deductions From the Analysis of the Experimental Results

Obtained At Xigh Cutting Speeds

48, Similar to cutting at low cutting speedé, the vertical and
horizontal components of cutting force as well as the chip thickness
pass through a certain minimum value as the chipbreaker width is
jncreased, Figs. 75-79. From this it is concluded that the use of
chipbreakers for the purpose of satisfactory chip breaking will

not lead to a significant increase in the cutting force and chip
thickness compared with those obtained from tools without chipbreaker,
However reduced cutting force and chip thickness might be observed.
19, It was concluded that if the cutting force acting on the
cutting tool is not increased by more than 10% when using a §hip-
breaker, than those acting on the cutting tool when no chipbreaker
was used, the tool wear will not be significantly increased (this
is considered to be so due to the fact that during these tests it
was observed that the number of regrindings required by the cutting
tool at those two conditions were nearly the same).

20, The closer the chipbreaker is set to the cutting edge the
more effective the chip breaking is, and the greater the danger of

over-broken and built-up chips will be,



- 110 —

21. Conditions of minimum cutting force and 10% higher than those
without chipbreaker for vertical component of the cutting force are
obtained at a chipbreaker width slightly smaller than those for the
horizontal component of the cutting force, Fig. 75.

22. For clamped wedge chipbreaker, in order to obtain effectively
broken chips, the chipbreaker wedge must be set closer to the cutting
edge as the wedge angle is reduced, In order to avoid the built-up
chips, the chipbreaker wedge should not be set closer than those
values corresponding to the condition of 10% increase in the cutting
force.

23, The numerical values of the ratio w/s for lower cutting
speeds are strictly higher than those for higher cutting speeds,

24, The cutting forces increase slightly with the reduction in
the wedge angle, Figs. 75-76, due to the increase in the chip-tool
contact length.

25S. The ratio w/s corresponding to theconditions of minimum
cutting force and chip thickness and 10% higher than those obtained
without chipbreaker for both vertical and horizontal components of

the cutting force for steel EN1A is higher than those for aluminium
alloy HE3OWP,

26, The range of effective chip breaking for aluminium alloy
HE30WP is larger than steel EN1A.

27 At high cutting speeds, the use of coolant will help
significantly in promoting an effective chip breaking.

28. The manner in which the height of the ground step chipbreaker,
the feed, the rake angle and cutting speed affect the performance of

the ground step chipbreaker is similar to those at low cutting speeds.
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2.4.3 General Deductions from the Experimental Results

29. According to the length and type of chips produced, chip
breaking effectiveness is classified as follows:

(a) Over-broken and built-up chips (half turn-up to 5 mm long),

(b) Effectively broken chips (half turn, full turn, one and

a half turns - up to 30 mm long).

(¢) Broken chips (more than two turns - over 30 mm long)

(da) Continuous chip - no chip breaking, Figs. 53=Sk,
30, Effective chip breaking can be obtained at considerably
smaller feed when chipbreakers were used compared with the condition
of discontinuous cutting with tools having no chipbreaker, Fig. 88,
31. The feed necessary to break the chip increases with the
increase in the cutting speed, Fig. 88.
32. The lowest permissible chip thickness and cutting force
corresponding to the condition of satisfactory chip breaking are not
affected by change in the cutting speed, Fig.-89. However, increase
in the cutting speed will increase the feed necessary to break the
chipe
33, For each material, chip breaking effectiveness is characterised
by ratios of chip curl radius to feed and of chipbreaker width to its
height for ground step chipbreaker, and by the ratio of chipbreaker
width to wedge angle for clamped chipbreaker,
34, The ratio of chip curl radius to feed corresponding to the
condition of effective chip breaking for aluminium alloy is higher
than steel,
354 The depth of cut has no significant effect on chip breaking,
Fig. 90, However, at depths of cut smaller than 2 mm, the lowest
permissible chip thickness for effective chip breaking is considerably
affected by the change in the direction of chip flow, Decrease in

depth of cut leads to a decrease in the angle between the direction
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of the chip flow and side cutting edge which will direct the chip
much more easily to contact with the workpiece, On the other hand,
this will lead to an increase in the chip curl radivs, therefore
‘making the chip breaking much more difficult

36, Charts for finding the chipbreaker dimensions are considered
to be quite reliable for the purpose of designing tools with chip-

breakers which will produce effectively broken chips.



DISCUSSION

5.1 GENERAL DISCUSSION

In the last few years much attention has been given to chip
'breaking without any final solution being reached. Nevertheless
many manufacturing organisations'are in need of satisfactory methods of
chipbreaking. For the chips to be controlled at the cutting zone and
effectively transported from the vicinity of the machine tool, it is
essential that chipbreakers are used,

In practice, the length of coil produced in cutting operations
can be controlled quite accurately by using chipbreakers, and coils up
to 100 mm long are preferred., Possibly a consistent length of coil is
attained because of the bending stress set up when the coil wags about,
as the inertia of a certain length is sufficient to cause fracture.
Cracks in the chip develop from the tightly coiled inner edge, and
periodically, one of these cracks extends across the chip to cause
fracture.

When the cut is continuous, curling of the chip by means of a
chipbreaker step or a clamped wedge, is not always sufficient to ensure
that the chip will break. It offen breaks on coming into contact with
some obstacle. Generally speaking, the coil must be unwound to break
the chip. The lower surface of the chip is smooth and free from flaws,
and the chip will stand severe bending in the direction of increasing
tightness of coiling which puts this surface into tension., On the
other hand, the upper surface of the chip is rough and full of cracks
and fissures, so that if the chip is bent so as to put this surface
into tension, i.,e. bent s0 as to uncoil the chip, fracture occurs
much sooner, than when the outer surface of the chip is compressed,
For example, the chip produced by a parting tool coils back on

itself., As the coil diameter grows} the chip is forced into an
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increasing radiusof curvature, which means that it is partially
straightened, or bent to put tensile stress in upper surface. Hence
when the coil reaches a certain diameter it breaks off. This can
occur with cylindrical turning with zero obliquity, i.e. with the
feed direction vector making a right angle with the cutting edge.
In Chapter 3 chip straightening was sufficiently analysed. It is
justified to say that any obstacle that arrests rotation of the coil
will tend to break the chip,

As cutting speed increases, the chip tends to lose its curl.
The explanation involves reduced friction at the tool face. Friction
gives compressive stress on the under-side of the chip near the cutting
edge, which after a short movement, is relaxed to produce curvature
of the chipe It is also significant that when the chip is blued,
it loses its hardening and gains ductility, and therefore will he
harder to breake

During prolonged cutting, a crater is formed on the cutting
(rake) face of the tool, which gives a chipbreaking effect, especially
when negative rake is used. The chip must cool down before proper
chipbreaking occurs. This is why better chipbreaking is obtained
when coolant is used.s When a high positive rake is used, the chip
curvature is reduced, and the chip remains in contact with the rake
face for an increased distance., Because this gives additional
friction, it may nullify the reduction in power expected from the
theoretically low strain in the chip. Here it may be expected that
a chipbreaker would 1lift the chip away from the face of the tool
at a short distance from the cutting edge, thus reducing friction

and cutting force,
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The chipbreaking problem is more acute for finishing operations
than for roughing. In many roughing operations, an irregular depth of
cut tends to prevent the chip from becoming too long. As the chip-
breaker is brousht nearer to the cutting edge, vertical and horizontal
eomponents of cutting force, chip thickness, and tool temperature will
increase., Accordingly extreme conditions of high cutting force and
temperature will reduce the tool life. To obtain best chipbreaking
results, the chipbreaker should be set back from the cutting edge a
distance equal to some fixed multiple of the feed, depending on the
material being cut. For clamped chipbreakers the chipbreaker wedge
should have an acute angle to avoid clogging. For this type of chip-
breaker, provided the chip impinges on it, the height of the chip~-
breaker face is not significant, For any setting, chipbreaking
performance varies with feed rate. For a very light feed there will
be no chipbreaking action; at the other extreme, a feed rate will
be reached when jamming-up occurs.

Apart from the ground step and clamped chipbreakers, various
profiles of tool tend to promote breaking of the chip. With a normal
rake angle, say +9°. a negative rake land may be formed on the cutting
edge of true width equal to 3 to % of the feed, which is usually a
land width of 0.10 to 0,15 mm, but not more, This tends to promote
chip curl, A radiused cutting edge may be helpful, say up to 0.1 mm,
However, if this is used for low feeds, say 0.05 mm/rev. a very poor
finish results.

A chipbreaker groove can often give satisfactory chipbreaking.
For best chipbreaking performance the groove must approach the cutting
edge to within a small distance comparable to the feed rate. The groove
type chipbreaker is characterized by low cutting force. This is due
to a reduced length of the chip contact path on the rake face(81’82’85)

where friction is high,
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542 DISCUSSION OF THE EXPERIMENTAL RESULTS

From the analysis of the experimental results obtained during
this work jt is well established that cutting forces acting on the

tool when using a chipbreaker can be less than the cutting forces

acting when no chipbreaker is used. Therefore, it is justified to
suggest that the introduction of chipbreaker into the geometry of the

cutting tools will not lead to an increase in the cutting forces

acting on the tool, but may even give lower forcess By considering

the force acting on the tool as a parameter affecting the tool wear

(althoush they are not directly related), the reduced force obtained

when chipbreakers are used can therefore be seen as an improvement

jn the conditions effecting the tool wear. On the other hand incorrect

chipbreaker proportions may lead to an extensive increase in the force

and temperature acting on the cutting face of the tool. This occurs

as & result of over-breaking and building=-up of the chips in the

vicinity of the chipbreaker when small chipbreaker width is used.

po eliminate guch a possibility the chipbreaker proportion ratio

ghould pe taken larger than those corresponding to the lowest perm-

jssible chipbreaker proportion for effective chipbreaking. Physically,

st is clear that on moving a chipbreaker nearer to the cutting edge,

the cutting force may be first reduced due to the reduced tool-chip

contact areas put ultimately the force must increase due to obstruction

of the chips. The assumption made during the course of this work that
if the cutting force is not increased by more than 10% the taol wear

will not pe excessively increased was verified by tests. However, a

theoretical examination of the cutting forces would be very useful.

The significance of this condition is in providing effective chip-

preaking when chipbreakers were used. Therefore effective chipbreaking
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may be characterized by the conditions of lowest permissible chipbreaker
proportion ratio and 10%: increased cutting force.

In order to design a chipbreaker which would give a satisfactory
chipbreaking for any particular material it is considered to be
attractively simple procedure if the material could be characterized by
two experimental factors only, these factors being ratios Rc/S and L/H,
The ratio of chip curl radius to feed expressing a satisfactory degree
of chipbreaking while the chipbreaker proportion ratio expressing the
condition for minimum cutting force. According to the experimental
results obtained during this work, theratio Rc/S was found to be the
most reliable parameter in determining the degree of chipbreaking,
Different chip curl radius corresponds to different degrees of chip-
breaking. The effect of the feed on chip curl radius is determined
by the degree of chipbreakinge. For any set of cutting conditions,
tool geometry and cutting material the chipbreaking effectiveness is
characterized by some constant Rc/S ratio, For example, effective
chipbreaking for the conditions mentioned in Figs. (53 = 54) when cutting
aluminium alloy HE30WP and steel EN1A can be obtained at RC/S = 25
and 20 respectively., The chipbreaker ratio expressing the force
'condition at the cutting face of the tool should be taken in agreement
with ratio Rc/S so that to obtain effective chipbreaking without a
significant increase in the cutting force.

On the basis of the experimental as well as the theoretical
results it is justified to say that chipbreaking effectiveness is
devendent on chip curl radius, feed and the properties of the material,
In appendix I and II a simple theoretical analysis of the chip
breaking is shown, Here also the chipbreaking effectiveness was found

(80)

to be determined mainly by the parameters mentioned earlier., Nakayama

(101)

and Okushima, Hoshi and Fujinawa have concluded that limiting
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condition for chip breaking is determined only by radius of the chip
curl, the material tobecut and chip thickness.,

The theoretical expressions shown in Chapter 3 as well as
those in appendix I expressing the chipbreakers proportion in terms
of chip curl radius can be used quite satisfactorily for the purpose
of designing ground step and clamped chipbreakers. By substituting
the value of chip curl radius corresponding to effectively broken chips
together with constant C1 and C2 which depend on the cutting material,
tool geometry and cutting conditions in equation (3.26), the chip-
breaker dimensions can be calculated. However, the effects of cutting
speed and depth of cut in equation (3.20) are not significant, This
is due to the fact (based on the experimental results) that the cutting
speed will not lead to a significant change in the chip curl radius
when the feed used is not less than 0,08 mm/rev., however, at feeds
smaller than 0.08 mm/reve reduction in the cutting speed will result
in a decrease in the chip curl radius in the direction of tightening
the chip coile. During this work the change in depth of cut was found
to have no significant effect on chip breaking. However, reduced
depth of cut less than 1.5 mm will lead to a reduction in the chip
flow angle (angle between the direction of chip flow and side cutting
edge)e Although this will lead to an easier contact of the chip with
the work-piece which may give easy chip breaking, reduction in chip
flow angle will lead to an increase in the actual radius of the chip
flow in the direction of harder chip breaking. Similar effects of
cutting speed and depth of cut on chip breaking effectiveness have

(80) and Okushima(101). Yoshida(108) has

been recosnised by Nakayama
also confirmed that increase in depth of cut leads to an increase in
the chip curl radius,

Simply speaking the chip breaking effectiveness can be

~controlled quite effectively by means of the chipbreaker proportion
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ratio (WIDTY/4®EIGHT, L/H, Fige. 37, for ground step chipbreaker and
the factor of chipbreaker width to wedge angle, W4A o Tig. 38,

for clamped wedge chipbreaker) by taking into consideration the ratio
of the chip curl radius to feed (Rc/S).

5.3 RECOMNENDATIONS FOR FUTURE WORK ON CHIPBREAKING

In the light of this recent work the following points were

recommended for the future attention:

1, The mode of action of the notch chipbreaker in the
tool face is not very well understood, and exploration
of the flow would be useful, though this might mean
elaborate quick-stopping techniques,

2. Measurement of chip ductility, to be related to the
cutting conditions and metallurgical condition of
the chipe.

3, Visual and photographic studies of chip formation.

Lk, A theoretical method of examining cutting forees as

affected by the chipbreaker would be very useful.
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CHAPTER 6

CONCLUSIONS

On the basis of the experimental results obtained during

this investigation, the following conclusions were drawn:

1. For ground step chipbreaker, the ratio of the width of
the chipbreaker (the distance from the cutting edge of
the tool to the chipbreaker wedge) to its height is the
most significant parameter in controlling the chipbreaking
process.

2. For ground step chipbreaker, the optimum chipbreaker
width corresponding to a satisfactory chipbreaking
increases with the increase in the height of the chip-
breaker and the feed,(Pigs.55=56).

3. In roughing operations, chipbreaking can be satisfactorily
achieved by changing the feed.'>

4, For clamped wedge chipbreaker, the wedge angle (angle of
the inclination of the chipbreaker wedge from the cuttig
face of the tool) as well as the chipbreaker width are
the most significant parameters in controlling the chip
flow. The best results were obtained with wedge angle
40° to 500.

S« For both ground step and clamped wedge chipbreaker, the
cutting force as well as the chip thickness pass through
a certain minimum value as the width of the chipbreaker
is reduced.

6. Degree of chipbreaking can bhe specified in terms of the

types of chips produced,
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7. For any particular material, the chipbreaking effective-
ness can be represented in terms of the ratio of chip curl
radius to feed which expresses the degree of chipbreaking
and the chipbreaker proportions which expresses the condition
for minimum cutting force,

8. Chipbreaking effectiveness is affected by the feed and
cutting speed only through the change in the chip thickness.
However, parameters not affecting the chip thickness will
have no significant effect on the chipbreaking effective-
ness.

9, The chipbreaking effectiveness can be expressed in terms
of theoretical relationships. Accordingly charts for des-
igning effective chipbreakers can be drawn,

10, Chipbreaker proportions are limited on the one hand by the
need to get sufficiently broken chips and on the other hand
by the need to avoid an excessive increase in cutting
forces, which should not increase by more than 10 % ,

11. Use of chipbreakers may improve the conditions at the

cutting edge (by giving reduced cutting force).
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APPENDIX I

THFORETICAL ANALYSIS OF CHIP CURLING

MESHANISM FOR BOTH CLAMPED WEDGE AND

GRCUND STEP CHIPBREAKERS

The mechanism of chip curling by the action of the chipbreaker
(71) (101)
]

has been analysed theoretically by Henriksen

80) (105)

Nakayama( , Dawe and Rubenstein

y Okushima

s Trim and Boothroyd(1o7)

s this
recent work and others. BEach auther has suggested a different theoretical
explanation of the mechanism of chip curling by the chipbreaker. However
some of these theoretical analysis were in good agreemen£ with the experi-
mental results, In this appendix the chip curling mechanism will be
analysed from different éspect.

when the chip is straightened (as shown in Figs,91a-c and 92a-c)

from its initial radius R to a radius Rc’ the strains and stresses

jnvolved can simply estimated.

NOMENCLATURE
R = Initial chip curl radius or flow W = Distance from the chipbreaker
circle radius, Figs.91 & 92 Wedée to the cutting edge of
Rca Final chip curl radius caused by the tool, Fig'91c

the action of an obstacle, Figs, €

£ Strain corresponding to the

91 & 92 rupture of the chip
€ = Strain in the outer fibre of the C

Constant depending on the

chip (beam) properties of the material
" ¢t = Chip thickness being cut
c

E%: Flow stress <?= Chip=tool contact length

E = Modulus of elasticity K = Constant for a given material

dB = Angle of the inclination of the H = Height of the step of the
chipbreaker wedge from the ground step chipbreaker
cutting (rake) face of the tool, L = Distance from the cutting edge

of the tool to the heel of the chipbreaker
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The strain in the outer fibres of a straight beam of thickness

(tc) bent to a radius Rc is simply(1ou)
t
€. *_¢S
2R
c

Hence, when a beam of radius R is bent to a new radius of Rc’ the strain

in the outer fibre is

t
c- te¢l_2) (A.1)
2 R Rc

If the straightening is elastic, the product (E€) cannot exceed the

flow stress 6%. Hence the maximum change of radius is

1 = 2 6;
Relastic E tc
. ‘ . (104) . .
According to Cook, Jhaveri and Nayak for a typical steel chip,

6 . 2 .
1b/in", tc = 0,005 in; R = 0,020 in.

E% = 100,000 lb/inz, E = 30 x 10
Elastically, the initial radius of the chip curl could be increased to
Rc = 0,0205 in., so it can be seen that the elastic effect is insign~
ificant and can be ignored., This means that the final chip curl radius
is determined only by the plastic bending action.

As the chip comes in contact with the chipbreaker, it receives
an extra bending action imposed by the chipbreaker. The final strain
in the chip (as a result of its contact with any obstacle) will be
calculated according to equation (AI.1).

However, from the geometrical relationships, Figs. 91c-and
92¢ the initial chip curl radius (i.e. chip flow circle radius) for

clamped wedge and ground step chipbreakers can be expressed as

follows:
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(80)

For clamped wedge chipbreaker, Fige. 91c.
R = W cotp/2 (A7.2)

For ground step chipbreaker(71), Fig. 92¢

R 2 e— (AIOB)
2H

Hence from equations (AI.1), (AI.2) and (AI.B) we obtain:

For clanped wedge chipbreaker

€= —=( 1 -1 (Ag.4)
2 W cotj&/Z Rc
For ground step chipbreaker
t
2'
€= = (F——p-1) (Age5)
2 L™ + H R
¢
By considering
_1..-.1..¢==o
R R
c
Equations (A;.4) and (A;.5) will become
For clamped wedge chipbreaker
1 1
R, W cotd/2
For ground step chipbreaker
1 2H
- = . (A;.7)
R 12 4 Ho I

c

The chip will break away when the bending strain produced in
the chip reaches a critical value corresponding to the rupture of the

chip material. Therefore, equations (AI.h) and (AI.5) will become:
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For clamped wedge chipbreaker

t
€. = —= (1/vcot,3/2 - 1/R )
5 ¢
or 2 €
1 1 _ f (AL.8)
R, W cot/3/2 te |

For ground step chipbreaker

t

c 2H 1
& = — (-]
2 L™ + H R
[
or 1 _ _H . 2 & (A..9)
Rc L2 + H2 tc

By taking into consideration the effect of chip-tool contact
length on the chip curl radius, the effective chipbreaker width will
be W _.éand 1,-€ for both clamped wedge and ground step chipbreakers

respectively. But according to Creveling, Jordan and Thomsen(106)

L. «x b, oty (K=1)

Hence equation (AI.S) will become:

2 €
1 1 : .
- = ( ) - £ (AI.10)
R, W-t cot 3/2 t,

Putting 2 €, = C in equation (AI.1O) we get

1 1

R, (W-t ) cotP/2 ¢ (Ape11)

And similarly equation (AI.9) will become:

2H C

1
R (L-t )2 + H2 t (AI.12)
(o] [¢] [+
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Putting W =W = tc and L =1L - tc in equations

effective effective

(AI.6) and (AI.7) we obtain:

Rc (w-tc) cot /2 :

1 24

- = (A e1l4)
R (1t )2 + B I

[o} C

Equation (A;.14) is similar to that of Trim and Boothroyd(1o7)

It can be seen from equations (AI.11) and (AI.12) that the
final chip curl radius for any particular set of cutting conditions
is determined by the chipbreaker proportions, the properties of the
material being cut and the chip thickness (or feed), It can also be
seen that the chip curl radius decreases with an increase in the chip
thickness (or feed). That explains why built-up chips occurs at large
feeds, Fig.93 shows tﬁe comparison between the experimental and the

theoretical (calculated according to equations A..2, AI.11 and AI.1h)

I
values of chip curl radius for a clamped chipbreaker of 450 wedge angle
and with 1,5 mm chipbreaker width, The experimental results seem to

be in better agreement with the results calculated according to equa-

tion AI.11 rather than those obtained from equations AI.Z and AI.13.
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APPERDIX II

FORCES ACTING ON THE CHIPBREAKER

In order to obtain satisfactory chipbreaking result with
csmparatively long effective life, the chipbreaker must be designed
so that to minimize the force acting on its surface. The mainAforce
acting on the chipbreaker is chip curling forcg (force necessary to
curl the chip as it leaves the cutting edge. Nevertheless the
chipbreaking force (force necessary to break the chip as it comes
in contact with an obstaclé)has some effect on the chipbreaker,
However, this force has an intermittent action and comparatively

small, On the basis of this, the chip curling force will be con-

sidered as the main and only force acting on the chipbreaker, \
NOMENCLATURE

MB = bending moment at the Ju.= coefficient of friction
cutting edge B "between the chip and the

F = resultant chipbreaker chipbreaker
force Fv = vertical component of

R = radius of the chip : the chipbreaker force
flow circle, Fige. 94 ql = horizontal component of

B = chipbreaker wedge the chipbreaker force
angle, Fig. 94 b = chip width

6 = angle between the resultant t = chip thickness

chipbreaker force and the yield stress of the chip

P o

vertical to the chipbreaker

face, Fig. 94
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(80)

According to Nakayama s the bending moment at the
cutting edze B of the tool Fig.9% caused by the chipbreaker

force (chip curling force acting on the chipbreaker) is:

My=F xBC =F xR Sin($+6) - 5inf (A;1e1)
B = tan"L = 90° - /5 - tan™ (F /F,) (Ap7e2)
From the condition of the stress distribution‘in the chip at
the cutting edge B as shown in Fig;95(80), we obtain,
M, = b x t2 6 /b (Ay7e3)
B ¢ B I1

Accordingly from equation (A;;.1) and (Ay7e3) we obtain:

2
F = k. (A
4R Sin(pB+8) - Sin 8 | II°®

4

Equation (AII.A) is the equation of the force acfing
on the chipbreaker..

The action of the cutting forces acting on the chip=
breaker has also been investigated by Subramanian and Bhatte-

acharyya(109).
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