












































































































































































































































































































































IN""- �S�S�3�N�)�f�~�'�H�.�L� dlH:J 



CHIP THICf(NESS -NtM 



,.:! ;i! is; m1 tt t1 

~tE- :!f: ~li: nil ~jl! IT 
:::::EH W 
!::-.: ::1 

~~ :l: ~d1 
~ I"· ~titi1 f: 
!ffi~ tW ::ri ~Ili; 1i 

11~ 

-r;:: ~ttnrr!i;nt 

;:~ ~.~t+ :~Htl 
"" :;H ~m ; .. 

5; ill 
',.,.- ~!:: ft [!" I:: 

tE.i:!i t; 

~tlii fi p. 

:;: r.>; 

! 

lifj 
til! 

! '" ~. 

r; 

~. 

WIAI 

( 

;: 

t+t ::1::1: 
-t+ 

~ . r,c:;t f::~ 

H" 

>+;: :1 51 
r,::: 

'" 

I~ 
ii-'-i :'iH;U r;.:;nj:i: 

: I" 

~ ~.' ! C ; 
~ - SS3N}I:JIH.L dlH;:J 





,( 

.. , " ... , 
~.~-:. -

'9)1 - (7N:JI.l.M31A' ~:JHO.:l !)NI.l..Ln:J 



I 
I 



u 

...... ,.i .,.1-.+: ~-," ~ .. :l.':"'.,~_,-,,+,-4-t----:+--~ 
.t--- -+ .... L _-L-+~i~' -+-+1_'+-+-+ .:......-+~_ 

I I • 

i ! .. _.L. ... _~_. ~~f';:' 
-+_ ..... :._-. : .... ,. I : .. 

'~ ... :.. !" -> ! 

t r" 
...+.~ ... -+-.+ .... --+--

.. ;[:: .... L.: ~-.L 
I 



- 100 -

pressure on the cutting face of the tool, however, no theoretical 

support to the above explanation has been obtained. The character­

istic change in the cutting force shown in figs. 67-68 was explained 

as follows: When the chipbreaker width was reduced, the chip Waa 

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 conditions, 

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 summarize 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 

a~loy 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 eive 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 interpretation 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 eauge 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. 



4'" ., , .. 

!:, 

;:. " I' _.. . ...•. ::t .... _ ... } :~. ~.'.; L::ij~ .eo. '·-'il._ .... :1 .... :.,ji ...... : L .• ·"':.:11.: ...• L:"'r~;L::~ "; Iii: ;::j ;::' Ii;: j:! l~ 
- ',- " - - ~.- -, - ~ ... - - .. r-' -~~ r:--- -~r~I;. :.::') ::':,',': ':~:·,:,.,.P:':,· .• , •. ~:::.,,: ;+:': ..... '.'; ""-f:-' ........ 1.. i ..,...: ' I .. 1::. : .. : ::"1; .. 

j r ..... ',' ~ . , 'I. I... >0"':":::; ,;. "'" ,." '''' .". ,. 'I 
I I .. e;: :.:'1 'i '''f I :.:. ,,' .;:,.': .:;:; ;1;: ;::; ::: :.; 

: .. . I.~ ... ). •. -.~...; .... -., •. ~ .•. ~~ ...... 4 .... t_ ..... _"..;- .. :j_ ..... .c.l... ~~.~~~.;.j;.;.~. :::' .::: ;lL:..:..!~[LC';'(.!l ... _ ...... ··r· L'- ~' ,., 'L 1-..·..· .. "." :"':""r::cc :!':'.: 
-' ',;.;.:' , ' '':. • , ' t' • ,,, , ....... , I: 

'.-. . ,', :.! ,,' ".::1 : :.:: ,:::, ::~ ... : 

. H/M -011171:1 H.'3J1tJYlffTdIH J 



! 

-~.-j 

HIM - OI.1(/fJ tJ.3J,{tl3~EfdIH:J 



t1ii i :i!1fH .... .;.!' 
••• , , •• 4 

'}II ..) '. . ................ , ..... ,. 

l~ . .... r~·· .. ~ ·~l~' .. -... ;~IC,~ ~.: iL L; :~L -~ l: ... : .~:.~; )1:- :.:: : •.• -+t-'r+TI:hH~'HH :;.: ;;' .!:; 

:: •. ~' ••.. t-:'.:.".:- ~ ••. -'+i!':'~' ...... ~ .... -.... ~ ..... :. ::.,:.:: ................ , .. -.. : ... ::' .. ' ........ ,.: .. :: ... ~.::.;.:.: I~:: ...• : .•.• ~ .. :.:.: ..•.•.• _:: _.:: •. .1.: ... '_: ..•... : .... _.: .. ' :..... ..: :~: I::: .':. ::.: I::: ;'.: "J . " ' ~'" . J "-' .-.- >~ :~:: .w t~t+ ~t }+~ ~+'m 

, .• :.:: ;::, :': ... '1' .,' ,. .,1;" ;.;: ::;: ;;:: ::: Hn tL1l11~ ti!i ;1:i i~ij lJn Hn in~ l!i! rn 11: n:i ;~t 
'!;;; :.:!.:. '--~~+--""' •. -.~. :.'t1. t:~.~: f;: ••.. ,; '.'; .•.. W:. : .. '; -,,: •.• 7;: ~ ~; ',:, :; ;. ~:.: :1 ;:':-'.~ ;:' t-: : •... :-: •.... ,.::-E .•.. ~ ..••. ,:.~ ...• + ~ •..• ';,,::';' ' .. ' ~:~ ,,:~',,: : .... + .. :.+ .. : : .... ~ ... :. +:;.!i.+·,;i .. :f-;,7-:-.;~. :t;~ i .. in. +I'-+'~ .-r..-Ht~. * .. -:-:-.. ft,1+, ~,,~. + .. +, .-f.-:-+. 4f. tt. :l-i-f-!. .. +, i-f.:.'-i.' .-H. ';ll·.~: . .p.;:~i. !;:::-t:-:- 'J': 
!;!~ .' . :j!j .q; H!~ l!;; ;:q :!~; !:;; l:t: +q~ 1~:! jii: 1:;) .. 

~: : ; •• > • ~ , J . 

HI M - OI.HI H M"3J.1I:1?/J:lETdIH;J 



:: ' :'\ '~1 ' . ...:+.-: ... : •. Cl-.:.····, ... +. g; .... - 'C~"--'" :~;:t:'::::'~'H4 '~l ;;;, t'" :, I,,'" . 

. . .,. , .. , ... " 

: .~~ ~~h'-~:"7; ::' ~~: ~:~: 
.. ; :::: ::,; .::' 

·:t·:·~, •. :~:- :c:;~:L '~'+1: :·:9' ,;'1 ::-: HfH+!'~': ---: / H 
~...; ::~,.:.;~ .. Y "'j"r:' '''1'' .. ,. ' .. t ::.+ .. "~:i .. \ ~~: :-<. --c; :.. .' ·0· : .. -y·t· H :;~ ++:.,:' ._+ ~ 
••.•..••.•. iL' ... i: .... 1..1. 1>;.: . ,... . . . . ...............•.. , ... .. " 

IfTt ••• 1 ... t •• I ••• '.~: .... r···l··· · .j.. ': •. ~.....,: ::'!~m ;-,']IT:: m ;~ .. ' ~ 1 
:1: ! . .! _: . ...+-__ +1'_ -+-"':'l--IJl-F·-f..--.;;~~~~HHHH~HHH~ 1J 

. ..J.....1 ... ·t ........ ::~... I .... L.L_ ::...: .: ... d.... :.- .. ~.. .::'7 ·C7. Y-: :HH:: c+ 
f7 ...... ··1 . i :i:; I: . :: ~ I : ! -+lb+-I -+~'*l-"":';: :+1 ~Fe-~~~+±~±~-:-r1 
:: :;: :: I . L ..... 1 ....... :.~.: :~j ~ · .. ·f .. -1:,1 . L. ... ~.j.. .I.... :l,.···~·\ ':~,' ; .. ~::::;-:;;,. ~:;. ~:.:i\ 
'''1:'-- '::r':";' I ~ ~ ... ~IL~ I·'· i· L-f-.:.:+i"", .. -f-.:.-+--+ •. .;..;.....:~~~+--r-'+--b-~ : . , . I ~ .::l; 'j::: icC' ! -rr- ! . I i 1 ' , I : 

~ .. -.. : "l"'~' .j ... . r~ .... !~ :'j ':1 .t:f~ .. j ...... 'jJJ . 1'" ···t ~'j',;, I) L .. ·j .... · .. ·1 d ... ": ........ j ... ' 

J j ·1 iG .... ~::I ::c ........ ,:.j ........ - .. '" .... ;.; 1... ...! ...... ;...: -: .. . ':'.l · .•• 4 ....... ~ ... ; 
~~r" .... j_ .. 'j'" . i ,.., .1' , : 1 .. 'l ',I. " ":! : ~ 
. :1" i 'i.~ C . I . :: . ': I:.. ,', : : j' ·t • . .j:;-; .... "11.1 . '_.,. ..~ ... ....... ... .... ;.- .... J...:. .' . 'T'" .... -..... : .-, ...... , 
:-.( -:1· .. • ·-f·· 'I~ .• ' . i

L
' I , ': ,':';'; l~ . I ... I ... , , " 

tf-:.. '.!. !' .. l~\·f :E' .i· ::;:: .:,1 : ·.::'Ti: •. : ::. ::, . -j I .• : .:i;; .:.': ... ::: : 
1:· '1" 1 . p~ ... ;:; .~' t "'l" ..... ,'r.:,.l ...... i···· -+_ ........... ': :-~ :~ ,~~ ':'. :.:: .. . 

:W~HTh~:·:~;i:t. :.;~ \ ·H+0:.j:-:; G~·H 
j" ••• ,' 

~H:f 

HIM - O/lV Y Y3){tl3J-1f7dlll,J 



------.-------------------_______ -.1 

HIM -OllVY.. &3,!/Y3HfJdIH.::J 



- 102 -

Second Stage 

This part of the investieation included the analysis of the 

experi~ental results obtained at high cuttine speeds up to 100 m/min. 

Tests were performed on a lathe equipped with 12~5 HP main eotor using 

a sRecial tool holder fitted with highly polished sintered carbide 

tip (Fig. 33). Strain gauges were mounted on the shank of the tool 

holder to provide an accurate measurement of the vertical and 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 HE30\~P cut at a speed up to 70 m/min using a tool of 

zero rake angle and a chipbreaker of 550 wedge angle (angle of the 

inclination 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 1~~ higher than those obtained at very 

large width (virtually without chipbreaker). This value was taken 

first by assuming that if the cutting force (or chip thickness) is 

not increased by more than 1~~ the tool wear will not be significantly 

increased. 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 1~~ hieher 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 produced 

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 1~fo increase in the cutting 

force. However, sometimes built-up and over-broken chips were 

produced at that value of the chipbreaker width. From Fig. 75 it 

can be seen that 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 
Q:' 

forces and chip thickness for aluminium alloy using a 45 'wedge 

angle. Curves shown in Figs. 76 and 77 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 550 wedge angle is slightly 

larger than that for 45° 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. 

o 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 ~10 • .5 

for the vertical force and w/s ~ 12 for the horizontal force .. 

0' Similarly from Fig •. 76 for 45 wedge angle t the conditions for an 

increase 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 45°, 

Figs. 78-79, show that conditions for cutting force not exceeding 

1~~, was obtained at a slightLy larger ratio w/s for both vertical 

and horizontal force (w/s ~ 10.5 for vertical force and w/s ~ 12 

for horizontal force) than those obtained for aluminium al~oy HE30WP. 

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 o·f coolant was explained by 

the fact that it was responsible for the elimination~ 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 0'£ 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 HE30WP 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 

process. The chipbreaker height, feed and cutting speeds were found 

to have a similar effect to those at low cutting speeds. 
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4.1.2 Su~~ary of Some of the Experimental Results 

It was a part of this investigation to make the task of chirr 

control as easy as possible for the machine operator. 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 too1 

life 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 effectively broken chips. 

The recommended type was found to be 

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 breaking effectiveness (that means the chip breaking degree 

in relation to the chip curl radius/feed ratio). In accordance 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 HE30WP and steel EN1A. Figs. 53-54 

show the chip breaking effectiveness for aluz:tiniuDl alloy HE30HP and 

steel EN1A respectively using a rake angle of 150 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 (R IS). The reason that the ratio of c 

R /S was considered to represent the chip breaking effectiveness is 
c 

based on the experimental evidence derived from Figs. 53-54, and 

which show that all points corresponding to lines R /S = 20 for steel c 

~~1A and R /S = 25 for aluminium alloy HE30WP, give effectively broken 
c 

chips. By taking into consideration the characteristic ratios of chip 

curl radius and feed at which effectively chip breaking was obtained 

(namely R /S = 25 for aluminium alloy HE30WP and R /S = 20 for ste~l 
c c 

EN1A), charts shown in Figs. 84 and 85 were arranged for the conditiona 

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 chipQreaker is shown in each chart. 

To use any o£ those charts suppose, for example, we want to 

obtain an effectively broken chip when cuttin~ steel EN1A at a cutting 

speed of 70 m/min with a feed rate of 0.2 mm/rev. and depth of cut of 

3 mm using a rake angle of 150
• According to the chart (Fig. 85) for 

stee~ 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 (R /S = 20). The projection of that 
c 

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 curr.radius for a ehipbreaker 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 th& 

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 

f 
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results. It is important to mention that charts of this form were 

(W 
first developed by Henriksen 7 ". 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 

a~proach was made for the arrangement and determination of the results. 

It is significant to mention that these charts are strictly 

recommended 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 sugsested 

that there is no need for shm'ling all the experimental results obtained 

during this investigation" and a typical example will suffice. 

4.2 DEDUCTIONS FROH THE ANALYSIS OF THE EXPBRIHEN'L'AL RESUIJTS 

4.2.1 Deductions from the Analysis of the Experimental Results Obtained 

at Low Cutting Speeds 
i 

1. The chip thickness as well as the cutting forces will have 

minimum values at a certain chipbreaker width,. Fiea. 55-69. 

2. For ground step chipbreakers the width of the chipbreaker at 

which the chip thickness and the cutting force are minimum depends 

to a ereat extent on the he~ght of the chipbreaker, Figs. 55-69_ 

3. The change in cutting speed up to 10 m/min has no significant 

effect on the optimum chipb~eaker width at which chip thickness and 

cutting force are minimum, Fig. 55. 

4. The chi~breaker width at which chip thickness and cutting 

force are minimum cannot be considered as the best from chip breakins 

point of view. However, for best chip breaking results the chip­

breaker might need to be set closer to the cutting edge. 





- 108 -

5. The ~ptimum chipbreaker width at which chip thickness and 

cuttin~ force are minimum is related to the feed, Figs. 55-69. The 

chipbreaker width reduces with the reduction in feed. 

6. Positive rake angles over 80 have no si~nificant 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 hieh cutting force and temperature at the cutting zone. 

9. The ma.terials ,-.'ere found to fall in the follo\'1ine order in 

decreasing the size of the range of discontinuous chips: 

Aluminium alloy HE30WP 

Steel EN1A 

10. The use of chipbreakers may give a reliable chip breaking 

with lower forces on the cutting tool. 

11. 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 helpfullin promoting effective 

chip breaki~gt 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 over­

broken and built-up chips, Figs. 70-74. 
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15. The IO\,/est permissible chipbreaker proportions for steel 

EH1A are hieher than those for aluminiuM alloy HE30HP, 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 beins 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 

Obt~ined At ~ieh Cutting Speeds 

18. Similar to cutting at low cutting speeds, 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 

increased, Fies. 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 107~ when using a chip­

breaker,_ than those acting on the cutting tool when no chipbreaker 

waS used, the tool wear will not be significantly increased (this 

is con~idered to be so due to the fact that during these tests it 

was observed that the number of regrindines 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. 
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21. Conditions of minimum cutting force and 1~; 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 wedce 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 wls 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. 

25. The ratio wls corresponding to the conditions of minimum 

cutting force and chip tllickness and 1~~ hieher 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 HE30\-IP. 

26. The range of effective chip breaking for aluminium alloy 

HE30i'lP is larger than ~teel EN1A. 

27. At high cutting speeds r the use of coolant will help 

significantly in promoting an effective chip breaking. 

28. The manner in \~hich 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 10\'1' cutting speeds .. 
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2.4.3 General Deductions from the Experimental Results 

29. According to the length and type of chins produced, chip 

breaking effectiveness is classified as follows: 

(8:) 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). 

(c) Broken chips (I'!lore than two turns - over 30 mm long) 

(d) Continuous chip - no chip breaking, Figs. 53-54. 

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 

chip. 

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. 

35. The depth of cut has no sicnificant effect on chip breaking, 

Fie. 90. However, at depths of cut smaller than 2 mm, the lowest 

permissible chip thickness for effective chip breaking is considerably 

affected by the chance in the direction of chip flow. Decrease in 

depth of cut leads to a decrease in the angle between ~he direction 
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of the chip !low ~nd sid~ cutting edee which will direct the chip 

much more easily to contact with the workriece. On the other hand, 

t~is will lead to an increase in the chip curl radius, therefore 

·makinc the chip breaking much more difficult 

36. Charts for finding the chipbreaker dimensions are considered 

to be quite reliable for the purpose of desisning tools with chip-

breakers which will produce effectively broken chips. 
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CHAPTER 5 

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 lone are preferred. Possibly a consistent lenzth of coil is 

attained because of the bending stress set up when the coil waes 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 often breaks on cominz 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 roueh and full of cracks 

and fissures, so that if the chip is bent 60 as to put this surface 

into tension, i.e. bent so as to uncoiJ, the chip, fracture occurs 

much sooner, than "'hen the outer surface of the chip is comllressed. 

For example, the chip produced by a partinz tool coils back on 

i tselI. ~,s the coil diameter ~ro"'8, the chip is forced into an 
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increasing radius of curvature, which means that it is partially 

straizhtened, 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 chip. It is also significant that when the chip is blued, 

it loses its hardening and gains ductility, and therefore will he 

harder to break. 

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. 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 th~ reduction in power expected from the 

theoretically low strain in the chip. Here it may be expected that 

a chipbreaker would lift 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 

components 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 +90
• a negative rake land may be formed on the cutting 

edge of true width equal to ~ to t 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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DISCUSSION OF THE EXPERIMENTAL RESULTS 

From the analysis of the experimental results obtained during 

thiS work it is well established that cutting forces acting on the 

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

t
" ~ when no chipbreaker is used. Therefore, it is justified to 

ac 1 n u 

that the introduction of chipbreaker into the geometry of the 
SUegest 

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

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

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

theV are not directly related), the reduced force obtained 
(althOUgh v 

when chipbreakers are used can therefore be seen as an improvement 

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

" aker proportions may lead to an ,extensive increase in the force 
ch1pbre 

rature acting on the cutting face of the tool. This occurs 
and tempe 

It of over-breaking and building-up of the chips in the 
as a resu 

f the chipbreaker when small chipbreaker width is used. 
vicinity 0 

" "nate such a possibility the chipbreaker proportion ratio 
To el1m1 

d be taken larger than those corresponding to the lowest perm­
shoul 

" 1 chipbreaker proportion for effective chipbreaking. Physically, 
iss1b e 

1 
that on moving a chipbreaker nearer to the cutting edge, 

it is c ear 

t " g force may be first reduced due to the reduced tool-chip 
the cut 1n 

but ultimately the force must increase due to obstruction 
contact area, 

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 tool wear 

b excessively increased was verified by tests. 
will not e 

However, a 

theoretical examination of the cutting forces would be very useful. 

"~nificance of this condition is in providing effective chip­
The S1~ 

king when chipbreakers were used. Therefore effective chipbreaking 
brea 
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may be characterized by the conditions of lowest permissible chipbreaker 

proportion ratio and 1~~ increased cutting force. 

In order to design a chipbreaker which would give a satisfactory 

chipbreakine 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 R /S and L/R. c 

The ratio of chip curl radius to feed expressing a satisfactory degree 

of chipbreaking while the chipbreaker proportion ratio expressing the 

condition for minimum cuttincr force. According to the experimental 

results obtained during this work,tneratio R /S was found to be the c 

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 chipbreaking. For any set of cutting conditions, 

tool geometry and cutting material the chipbreaking effectiveness is 

characterized by some constant R /S ratio. For example, effective c 

chi,breakine for the conditions mentioned in Figs. (53 - 54) when cutting 

aluminium alloy HE30\JP and steel EN1A can be obtained at R /S = 25 c 

and 20 respectively. Thechipbreaker ratio expressing the force 

condition at the cutting face of the tool should be taken in agreement 

with ratio R /S so that to obtain effective chipbreaking without a c 

significant increase in the cutting force. 

On the basis of the experimental as well as the theoretica~ 

results it is justified to say that chipbreaking effectiveness is 

deyendent on chip curt 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 chipbreakine effectiveness was found 

to be determined mainly by the parameters mentioned earlier. Nakayama(80) 

and Okushima, Hoshi and FUjinawa(101) have concluded that limiting 
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condition for chip breakine is determined only by radius of the chip 

curl, the material to be cut 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 designine ground step and clamped chipbreakers. By substituting 

the value of chip curl radius corresponding to effectively broken chips 

toeether 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 (3.26) are not significant. This 

is due to the fact (based on the exrerimental results) that the cutting 

sreed will not lead to a significant change in the chip curl radius 

when the feed used is not less than O.oS mm/rev., however, at feeds 

smaller than 0.08 mm/rev. reduction in the cutting speed ''lill result 

in a decrease in the chip curl radius in the direction of tightening 

the chip coil. During this work the change in depth of cut was found 

to have no significant effect on chip breaking. However, reduced 

de2th of cut less than 1.5 mm will lead to a reduction in the chip 

flow angle (anele between the direction of chip flow and side cutting 

edge)., Al thouSh this will lead to an easier contact of the chip with 

the work-piece which may give easy chip breakine. reduction in chip 

flow angle will lend 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 breakine effectiveness have 

been recocnised by Hakayama(SO) and Okushima(101). Yoshida(108) has 

also con!irmed that increase in depth of cut leads to an increase in 

the chip curl radius. 

Simply spe~kine the chip breakine effectiveness can be 

controlled quite effectively by means of the chipbreaker proportion 
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ratio (IJIDTH/:-!EIGHT, L/H t Fig. 37, for ground step chipbreaker and 

the factor of chipbreaker width to wedge angle, W~. Fig. 38, 

for clamped wedge chipbreaker) by taking into consideration the ratio 

of the chip curl radius to feed (R Is). c 

5 3 RECO~:ENDATIONS 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 chip. 

3. Visual and photographic studies of chip formation. 

4. 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 o~ 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 chipbreakine 

process. 

2. For ground step chipbreaker, the optimum chipbreaker 

width correspondine to a satisfactory chipbreakine 

increases with the increase in the height of the chip­

breaker and the feed,(Figs.55-56). 

3. In roughing operations, chipbreaking can be satisfactorily 

a~hieved by changing the feed. 

4. For clamped werlge 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 anele 

400 to 50°. 

5. 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 ~e 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 mininum 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

ignine 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 

THEORE'1:'IC.U. ANALYSIS OF CHIP CURLING 

r?,;:! ';NISi'l FOR BOTH Cl.AHPED HSDGE AND 

GROUND STEP CHIPBREAKERS 

The mechanism of chip curling by the action of the chipbreaker 

has been analysed theoretically by Henriksen(71). Okushima(101). 

(80) . (105) (107) Nakayama • Dawe and RubensteJ.n • Trim and Boothroyd .' this 

recent work and others. Each 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 agreement with the experi-

mental results. In this appendix the chip curling mechanism will be 

analysed from different aspect. 

When the chip is straightened (as shown in Figs.91a-c and 92a-o) 

from its initial radius R to a radius R , the strains and stresses c 

involved can simply estimated. 

______________________ NOMENCLATURE 

R = Initial chip curl radius or flow 

circle radius, Figs.91 & 92 

R = Final chip curl radius caused by 
c 

the action of an obstacle. Figs. 

91 & 92 

£ = Strain in the outer fibre of the 

chip (beam) 

t = Chip thickness 
c 

6 = Flow stress 
o 

E = Modulus of elasticity 

~ = Angle of the inclination of the 

chipbreaker wedee from tha 

cutting (rake) face of the tool. 

\-/ = Distance from the chipbreaker 

wedge to the cutting edge of 

the tool, Fig.91 
C' 

€. -f- Strain corresponding to the 

rupture of the chip 

C = Constant depending on the 

properties of the material 

being cut 

1.= Chip-tool contact length 

K = Constant for a given material 

H = Height of the step of the 

ground step chipbreaker 

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 

(t
c

) bent to a radius Hc is simply(104) 

E.= 
t 

+ c --
2R 

c 

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

in the outer fibre is 

e= 
t 

+ c --
2 

1 1 (--- ) 
R R c 

If the str~i5htening is elastic, the product (E€) cannot exceed the 

flow stress 6
0

• Hence the maximum change of radius is 

1 1 
--~----
H Relastic 

= 
2 6: o 

E t 
c 

J . d N k(104) f . According to Cook, haverl an aya or a typlcal steel chip. 

6 = 100,000 lb/in2 , E = 30 x 10
6 

lb/in
2

, t = 0,005 in; R = 0,020 in. 
o c 

Elastically, the initial radius of the chip curl could be increased to 

R = 0,0205 in., so it can be seen that the elastic effect is insign­
c 

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 (A1.1). 

However, from the geometrical relationships, Fies. 91c-and 

92c the initial chip curl radius (i.e. chip flow circle radius) for 

clamped wedee and ground step chipbreakers can be expressed as 

follows: 
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. (80) 
For clamped wedge ch1pbreaker, Fig_ 91c. 

R = 'r: cotft/2 

For eround step chipbreaker(71), Fig. 92c 

R = 
2H 

Hence from equations (AI _1), (AI _2) and (AI -3) we obtain: 

For clanped wedse chipbreaker 

t 
E = --!?- ( __ ..;..1 __ 

1 -- ) 
2 W cotp/2 R c 

For sround step chipbreaker 

€= 
t 

c 2H 1 
(~;;....---- - ) 

L2 + H2 R 2 

By considering· 

1 1 
-~ -t===:O 
R R c 

c 

Equations (AI _4) and (Ar -5) will become 

For clamped wedee chipbreaker 

1 1 
= -----

R vi cotj?J/2 
c 

For cround step chipbreaker 

1 

R 
c 

= 
2H 

2 112 L + 

Thp. chip will break away when the bending strain produced in 

the chip reaches a critical value correspondine to the rupture of the 

chip material. Therefore, equations (AI _4) and (AI -5) will become: 
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For clamred wedge chipbreaker 

t 
E:.fo = _c (1/~':cotfo/2 - 1/R ) 

2 c 

or 
1 1 

2 E..
f = --

R W cotfi/2 t 
c c 

For ground step chipbreaker 

t 2H 1 E
f 

c ( = L2 + H2 
--) 

2 R c 

or 1 2H 2 ~£ 
= L2 + R H2 tc: 

c 

By taking into consideration the effect of chip~tool contact 

length on the chip curl radius, the effective chipbreaker width will 

be W -fand L -e for both clamped wedge and ground step chipbreakers 

respecti vely e But according to Creveling" Jordan and Thomsen (106) 

-f= K t c ::: t t (K =-1) 
c 

Hence eClua.tion (ArB) will become: 

1 1 
2 E.f = 

R (w-t ) cotj3/2 t 
c c c 

Putting 2 ~f = C in equation (A1 .10) we get 

1 1 C = 
R (W-t ) cotj3/2 t 

c c c 

And similC\rly equation (Ar e 9) will become: 

1 2H C = 
(L-t )2 + H2 R t 

c c c 
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and L effective 

R (\! -t ) cot ft/2 c c 

1 2H - = )2 + H2 R (L-t 
c c 

= L - t c 
in equations 

similar to that of Trim and Boothroyd(1 07) 

equations (A1 .11) and (A
1

.12) that the 

final chip curl radius for any particular set of cutting concH tiona 

Equation (Ar 14) is 

It can be seen from 

is determined by the chipbreaker proportions, the properties of the 

material beine 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 

ieeds. Fie.93 shows the comparison between the experimental and the 

theoretical (calculated according to equations AI _2, AI .11 and A1 .14) 

values of chip curl radius for a clamped chipbreaker of 450 wedge angle 

and with 1" mm chipbreaker width. The experimental results seem to 

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

tion AI." rather than those obtained from equations A1.2 and Ar .13-



- ---------- -- ----
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APPENDIX II 

FORCES ACTING ON THE CHIPBREAKER 

In order to obtain satisfactory chipbreaking result with 

comparatively long effective life, the chipbreaker must be designed 

so that to minimize the force acting on its surface. The main force 

acting on the chipbreaker is chip curling forc~ (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 obstacle) 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. \ 

_____________ NONENCLATURE ---------------

MB = bending moment at the jU= coefficient of friction 

cutting edge B ·between the chip and the 

F = resultant chipbreaker chipbreaker 

force F = vertical component of v 

R = radius of the chip the chipbreaker forc& 

flow circle, Fie. 94 Fh = horizontal component of 

jJ = chipbreaker wedge the chipbreaker force 

angle, Fig. 94 b = chip width 

e = angle between the resultant t = chip thickness c 

chipbreaker force and the ~ = yield stress of the chip 

vertical to the chipbreaker 

face, Fig. 94 
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According to Nakayama(80). the bending moment at the 

cutting edee B of the tool FiZ.94 caused by the chipbreaker 

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

l'~B = F x Be = F x R SinY3 + B) - Sine 

e -1 0 A -1 (,; ) = tan .JlL- = 90 - J- - tan F Fh 

From the condition of the stress distribution in the chip at 

t " d B h "F" 95(80) b" the cu t lone e ge as sown lon log. • we 0 talon. 

Accordingly from equation (AII .1) and (AII -3) we obtain: 

F = 
4R Sin(fi + e) - Sin a 

Equation (A11.4) is the equation of the force acting 

on the chipbreaker. 

The action of'the cutting forces acting on the chip-

breaker has also been investigated by Subramanian and Bhatt­

(109) acharyya _ 
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