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SYROpPS1S

The Cforeos on & single poink 4 18edet H.S?.F%: $ool s undey
sppreximate srthogonal and dry cutting conditions forv pregres
esive flank wvear are analysed on threc uuar@t work materigle
vis. M118 Steel, (as mippiied) s Gray Cast Ivon and En 36-
fully ssfteneéd, undey the assunptions of constant rake and
shoar angles.

Orthogonal components of the cudting forose are neasured
with the use of a simplo two conponss$ forcoe dynamomoters with
wiro resistance ctrain gauge s. Forces acting on the tool
f£iank and rake facos are soparatod by using tho mothod of
exsrapolating the force vrelationdahip to a Mﬁ dopth of cut.
Coofficientsof friatior on the flank and roke faceo nre caloulated
andé compared with thcmlm ot ths flank wear land. Renmnadly
good niuua aro obtained. Poorsidle oxplanations for the nature
of triction gesurring at tho ftlank and -rake faces avre given.

1t 1s aleo oonciuded that the coefficient of frictisn
on the flank face and ® slm the flank wear i{s strongly
velated % the worketool interface temperature and further werk

" in snslysing the wame must ©e pureacd in ordey to get a Ywore

conclusive explanatios .
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LIST OF GYMEOLS

« Stde rake angle

v Custing speed, mn/min. .

¢ Feedy mm/yev.

4 Depth of euty mm

v Width of flank wear land, mnm

| Component of custing Porce as vocovéded dy the d}muton
Kg.

L Compunent of feod force as rocorded by the dynsmomet or, Kg

4 Tangential component of force at the rake face, Kg.

N Nermal conmpoment of force at tho rake face, Kg.

F* Tangential component of forco at the flank face, Kg.

Nt No rmal component of force at the flanke forces; Kg.

p =tan 8 = F/N = Coefficient of friction st the rake face,

2! ® San 8¢ » PYN = Coefficient of friotion et the flank face.



CHAPTER » 1

INTRODUCTION o REVIEW AND STATEMENT
OF THE PROBLEM




1.4+ INTRODUCTION
The study of friction is important wheroeever two
wlid surfaces are in sliding contact wvith sach other. In cam
of sonventional sliding of two tlean, dry, smooth surfaces in
air vhere the rules of Amontens as ariginglly stated in $800
and given bdelov are still watisfactory.
1, The coefficient of fri tion is independent of tho applied
load.
2. The coefficient of friction 4s indepondent of apparent
area of contacs.
Other empirical rules for ordinary dodies in dyy sliding
contact iacludej
8. The cosfficient of friction is indepondent of the smbient
taupersture of the mstals. -
4. The coefricient of friction is indepondent of the sliding

spoed,

Hovever, the atove xules may mot hold 4Qrue where test
conditions are sufficiontly abnormal as is umiclly present in
metal cutting, Friction in metal outting Lo eof interest and forms
a dasis for fundamental studies of wveary, frioction, asnd chomical
resction boivun the tpol and the chip and between the tool and
vork piece, Wnder conditfons of high temperature, high pre ssure
and vacent surfaces. Motallic wear, although a femiliar phesse
monon 49 extremely complex in metal cutting and shows vide variae
tien because of extrene conditions and the rofore rate of woar
enceuntered are fairly rspid. The physical and mecbanical proe

perticos of the vork material depending on the composition of
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Sho mein constituentsg, the heat treatment and presence of

inclusions ste can ales influence ¢he Sool wear yate.
1.2. PRICTION PHENOMERON IN METAL CUTTING

In metnl sachining procecses frictional drag epparently
is encounterecd on the rake faos of tho tool dus ¢to siiding of
ths hot ohip under high pressure, As the €t0el veares due to
rubbing with the sacent work piece surface additfonsl frice

tional 4rag sl ocours

As analysed by Merchant, Fig. 1, shows the forees act ing
on the v-uhma.-r pxunu and the rake face during orthogonal cutting
with a shawp tool with the following sssumptionsi '

t. The cufting edge of the tool is sharp and dose not

sako eny flonk contsct with the work plece.

2« Only continuwus chip without built up edgs is

produeed.

3« 7Tho ohip does not tlow either side

4. The ocutting veloeity remains constant.

Fig: 2 shows the fres Bsdy dingram of the chip held
in equilidbrium dy the actisn of two squal and opposite resulte
ant forces R and R, . Lhe forcos acting on the ehip ave the
frictional ferce F and the mormal faowes N et the tool rak
face and shear force F, and the mormal force Fy at the
shear plane. The resultant foress R ane R, are aseunmod to
be collinear and 4nertia of the chip is e ing neglected.
The tool is ideally sharp, in that it repreosents a lins

contact vith the nev work surface.



4
Sucly a picture of the cutting processy except possibly
during the early 1ite of the tools 4is unyealistic bdecause of
the tendency of the toel to 4ull with time. PFig. 3 shows a
me re roalistie situntion for a wore tool in which the forces
are shaved by the wear iand alse. In such s caesy the ratio

of frictional foros to mormal foroe ave

FTRR -%‘ s gtan § and “' ] -ﬁgail = ¢an B*

for wake and fiank faces roup.ot;velﬁ

| '!ho‘ﬁro tuetbmi'pmaocua re;ultiug tmn‘oonuct at
thdu surfases, howvever,; are duﬁcum to study separately
undey oialury thtsng conditionsy since both normal pressure

and shosy styoss of the work material are mot rendily dtermimadle.
1.,2.1 Friction on Rake Face

' At ﬂ presnt the mo at genarally ﬁcocptoa ihoory of
dry ftriction is e composite of eontridutions dus ¢e Holnm, Ernst
and Horchan‘ﬁ and Bowden and accordingly it is vieved as doing
coupe s8d of three factors ¢

1+ A mechanical interlocking of surface amperitios,

2. A plovwing of the surface asperities of She hardey
of the two metals through the mfier.

3¢ A welding ef tho surface asporities of ons nmetel
te the othery resulting into the formation of

notallitie Junctions,

In metal cutting, however, the coefficient of frioction
varies vith remect to normal loady the pelative velocity and

the apparsnt area sf comans. According to Chao  ena



Trigger (1)° the scefficteat of friction varied bocause the
tenporsture at the sontact wvas outside the range of convens
tisnal studies of friction. Finnte and Ehav (2) gave anosher
explamation for the same. Theypropossd a theory to cover a
large range of normal loadsy varying from those producing a
small arvea of real contact to these corresponding to the
compre ssive yield strength of the wfter materials at which
the real contact area approache s apparent oofxtnct aroae They
suggested that 40 motal cutting the conditions at the chipe
tool fnterface is sonevhere detvesn the twp oxtremes, wheress
4n cohventional teste on friction tho loads are light and w
aleso the 7veal ares of contoct, According to them the cgatttcum
of triction at the rake foce can e defined am

Prictional Force T’ ke . T *

7 = . - | o K -
Nevual Foroe o' v’
* »

#here &, ¥ real ares of oontact.
K ® tho welded fraction of the real conlact avrea.

T' * ths shenr stross required to ryupture the welds

end o' = ¢he morasl estress on she real contact area.

They feunmd that the coafficient of friction at rake face varies
fyom 0.88 ¢ 1,83 while a@cmune SAE 1020 steol with 18.4st
H.5:.5, tool ot 272 ¢f¢t/min cutt -ing spoed, 0,0003 4in/rov fesd
and 0,28 in depth of cut wunder dey ocutt-ing with a variation

of vake angle from 0% to 80°,

¢ Numbaps written in parenthesis refers ¢

References given at tho ead.



In order to study the moschanics of metal cutting,
S0 arrive at o better undeystanding of the subjoct, & roneved
interest in contrvlled contact tools was tokem in tho last
dacade, though thoe practical implications of such toole have
peen rsalised by vorkers such as Klopstook sone forty years
ago. Tekeysma and Usui (3) studded the mechaniocs of cutting
wvith controlledscontact taols. They showed  that toolechip
area vas a major factoy which influonced the dcfomation prow
cees anéd tho cutting forcos, The iy experimontal evidonce |
suggested that the chip chosrs along the toolechip intorface
and that Poth the shoar and noImal styesscs on the rako face
were constant and that the fornesr was ¢qual to the “shear
strength of the ork materisl®™. The change 15 the coofficiont
of fﬂ#ﬂ_an vas accountod for the variaetion in normal RQonds
undey dutegﬁnt cutting condit lons.

*The mefrictient of friction in motal cutting™ vas o
variadle that Holn (1) doudtod vhethor the term served any
useful purpoee ond Kronenverg (2) wae of tho opinion that
1t should 1 abelished altogether on ths ground that L% was

positively harmful to kecy it in oirculation.

Heu (&) in his study of nomsal ond shear stresses ones o
ouuv‘tns tool of controlled contact <ype statod that superw
ficially 1% 1loo0k® as u" thae ohip salides over tha tool but mice
vrescopic examination rather suggosts that comditions at tho
chip tool imterface can havdly de called " frictional”. Fory
this reamn the term "dfdparent coofficient of triction” wae
used, He found thaet the chip partly sticks and partly siidcse
over ths tool ‘anﬁ only 4in tho latter region can friction

o couy,



Zorev (3,7) and Wallance anéd Boothroyd (8) used contyee
11ed sontact teoils b study the friction process on the rake
face. They explained that +<¢No rveglons existed along the teol
ohip eontnot length. Fig. ¢ shovs a schengtic disgram of the
stress distridutions on the wake face as suggested by the alove
workers, Adgcordingly the mean ocoefficient of friction can W
given n% laast two completoly different interprotation depend.
ing on tho two extroms oanses of movement of the chip over the

 fwont face,

In the $rist ocacs the mumn coefficient of friction
characterizes a olip process i.e, an external fricttonal prow
cOoss and vemains approximately constant 1.9, doon not depend
on the normal prassures in okher words 4t cun be said that the

chip and the tool behave as two elastic Wdiee

In the scoond case the mean coefficieant of friction
chgnotnruiu proesssos coeurring inside ¢the chipte ocontact
layer or in other words $ho chip deforns plastically and the
tool Whoves as an elasticdody and so the valuo nust drop

sharply as the norsal stress increases,

In practice contoot conditions are oWseyved which are
some what in betveen the first and the two. Over the dise
tance ks h' fyom the tool t4ip also temed as “sticking
region™, the shear stress was constant and representad shear-
ing of the chip while betveen hy &nd A, ordisary sliding
friotion vecurred. It was found that ¢+ as the sontact

dength is reduced fros hn to hy the cutting parameters
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romain unaffected but By further reductions in contact length
the foroes docreased and the chip rasio inoreassd. The contact
length belov h, (she critical contset length ) wers of primagy
sapoxbance for controlling the cutting foreses ond deformation
PpIOCO g8 ’

Sinilar resuits wero shown by Sota (8). Ho derived |
a shea? sngle relatiouship for untural contact tools in terms
bt contact longtheunderfoyned chip ¢thickness ratio. The relae
tion requires s mumbey of prodoeternined velues and therefore

ocanmot bLe peadily used.

Cnao snd Trigger (0) tovootigatod tho practicel aspects
of these contrlledecontact tools anii shoved that hy vestricting

the toolwchip contact the foreon and powver 4{n cutting vere

reduced snd the tool 1ife and surfaco finieh improvod.

An faportent csotridution to this etudy was made hy
Usui and Hosht (20) . They condludod ¢hat from a single eud
vithnatursl contact twol, the behaviour of contrelled contact
tocle could be determined.

Tests with controlliedenontact tools by lo, Lode
ant Armerego (11) bave shovn that these tools bebave as
natural teols m\hwr mall undefoirmed chip thioknesee
contvolled contact length (£/h) watios arc used, A distines
change 4in mechanigm ocours whon the £/h ratio exceed 0.6. ¢
They shoved that Usui and Hoehd's (10) slip 1ine field solue

tion shovs partial correlation vith experimontal data.
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1.2. 2. Friction on Flank PFace:

The study of friction at the flaok feoce has not

raceived adeguase attention. It is a known fact that erffect

of face or orator vear are opposito to offect of the clearance
or flank wear on the cutting foroes. In this respect Micheleiti,
De Fillippt and Ippolitn (12) ooncluded thot it is possible
| to knov only the com®ined end mot the separats action of the
two. In order % invostigateo thoes effacts separately many .
authors mads tests with tool materials under conditisns to

avoid a duiltsupe.edge, that oreated much oratuy vear than flank
wea?. and on the other hand with different work matorials,

particularly abrasive materisls) 0 a vory smgll crator deves

lops Shan the largs wear land, the points strossed weres
i, Woar land; cduo mpocially to abrasion en the flank
 below the cutting #4g?; Linereasss nearly unifowmly
with cutting time afior a ozt initial pertod,.

2. Cutting force incrensos with wear land.

Becaure of the predominent importance 4n mo st applicaw
sionsy fliank waay is a widely used critarin for evaluating ool
life, an arbitrary innnth of vear land o,g. 0,030 4n 4is boing
used o 9stabligh the wusuful tool 2ife. Monuell and Jeffery
(13) 4nveptigatod tho foagibility of using as a toolelife
oriizeriom tho percentago i.non;na in the feed force on the
cuw¥ing tool. '

Takeyoma and Murasta (14) uadertook a fundemontal

1nvon§’.gnt$oa of tool wvouy .end toul life mainly fron She view
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point of flank vear and stated that tool life from the stand point
of flank wear can be prodicted to a first approximation by thé
{nitial cutting temperature by
v = B l[; E/Kﬂa T
Where v ™= wear on the flank face

BE = activation energy
© = Initial cutting tem;era.'ture (abslute)

T a Too‘ 1ite.

Bxperimental results using controlled vear ilands were
reported by Olbert (18) whose muin aim was to study the increase
in averasge tool tomporature as measured by a work tool thérmoe
couple technique. Chap, Li and Trigger (16) made an exporimentsl
investigation on temporaturc distridbution at tool flank surface
by the us2 of a mpving leadesulphide photoconductive infrared
mdﬁatiouﬁ dotector, Tho surface in question was quitkly scanned
by the detector’s view field. Tool face frictional force calcula~
tion fron thermel conmiderations were compared and found to de

favourablo with independent dynsmomstor measurement.

Okashi end Sata (17) machined an alloy stedl (SAE 4140)
vorkpiece with a carbide tool having an artificially controlled
flank wear land, They observed that the mean frictional etress
on the tool flank was constant and independent of wear fend,
undetormed chip thickness and mean m mal stress. The mean norasl
strese on the %ol flank wos fowvdRd to increase as the vesr land
vae increageds giving & yeduced coafficlent of friction. These
results 10d to the conclusion that the resl and apparont evea of

contact were equal in this vegion ond that the mechaniem of

friotion wae idontical to that on the portion of thg‘;l;toul rake
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poronoloro on tho friction ¢0officionto Dove toon G40CuODOd.
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METHODS OF COMPUTING FLANK FXE PFORCES

In oxder %o evaluate the friction eoefficiont dutween
the tool flank ant the wvork surface, it is necessary to find
out the eomponsnt of forces I'* and N’ acting at the vuol flank
for:h given width of wear 1and *v*' , The method omployed for

finding them was one of the metheds suggosted by Zorev (7).

Zorev suggested five different methode for experimentel
uténmnuon of the forceps acting on the %tool flank face. These

ars vorth mentioning here:
as Method of extrapolating the force yelationships ¢o
@ sevo depth of cut.
b. liethod of rake anglo selection.
os Hothod of comparing tho cutting forces with aifferont
voo¥ land values on tho c¢loarsnce surface.
4. Mothod of obliguesangle custing.

8, Split tool mothné,

In the present work method of axtrapolating the ferce
relatiounship %o a sero depth of cut has Yon used mainly decsusc
ef its simplicity and acouracy with wvhich 4t can provide rosults,
howevey, wvith the assumptions that there is no bduilt wp edge

anéd no secondary shear on the tool face.

Other methods worth explaining are discusord hore in
brieft,
be The sethod of vake angle selection follows from the
schomo of action ¢f tho forces as shown in Fig. 3., Remsiving

the forces acting on the teol along horisontal and vertical
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We geot,
F‘ = Pls? o NStnd + R

ané
L NCos®X +P Sin + P

It can be seon that Fy = N' at F CosX « N Sin<«A =0,
£.0.9 ot tan X o /N , Since F/N 4&s the mean coefficiomt

ot fyiction on tool mio force (4 ) » thon ‘°¢ » 4

and at this éandttton ‘tho dynamometer will give divectly the
no ronl force on the flank face no mattey what tho depth of cut,
Thoreform, it is nscessayy to ﬁloct a value of tho side rake
angle at which the value of Py of the cutting force roemain
constant vlas the depth of ocut changes which in nommal caee
unpraeticadle and morcover the assumption that i yenains
congtant is not truce &t has deen verified in the present invees

tigation also.

e The method of comparing th§ outting foroes at uﬁ-wm
amonnts of vear on the clearance sufwce 1is useful if all the
cutting conditions remain constant and only the width of the
clearance vear land increaste; the chip forsation process does
not generally change, Thervefore the ferce R on the wake face
des not change. Honca the ochanges indicated by the dynamoneter
in horisontal, vertical and radial diroctions are due te the
changes in the oo rrasponding directions of the forces acting

on $he clearance faoe for & increass of woay 1-and &v.

Knowing 6w 1t is possidle to determine the actual
fo roes acting on the clearuuco surface. This can b2 done when there
48 & proporticual Oor appreximatsly proportional rolasionship
botveen tha wear land width and forces pn the clearance surface.

Thus by moasuring the pmjections of ths cutting foroe at two
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different weay landa it is psssibdle to eptadlish the straight
1ines by comtinueing <¢hem till thoy interssct the ordinate
axes which ¢then give the values to gosle the projecticus of

tho forces acting on the clearsnce srfoce,

In practico cutting force projostions are moasurod at
ceoveral different degrees of woar lanrd. In'lact thexe 4i# o
bdsic vd““"n‘. Wwtveen the method used end this onﬁ |
4. The method of obliyuewanglc cutting vequiros back rale
angle and angle . of incilinntion ét the cmﬁ:nt-uwt two different

dogrecs of woar of the flank guprace, With this it ic necessary

to use thres component foroe dydamometer . Formulae are given (7)
to calculate the normal and tangential forces at the flank fares

at different woar liandas

o, The wsplit tool method for neassuring the cutting faté.
consists of using a tool consisting of tvo parts, The to;; putf
of the tool fulfils the function of the tool fees and the
battenm ,’..m the function of the ciearsiice face. The top part
can independently movs of the tottom ome in the direction of the
tangential force on the tool face end tranemit this force to an
additionul dysamometer. Thus 4t is possible to meaeurs F Fe
and the force F and only thyeo unknovn are left in the tvo earlier
derived equations vis. |

Pg ™ FCos® oM GiMx + N

ana Fo = NCos®X + PEin® ¢ p
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With the further sssumpttion that the coefficients of
friotion on the tool face ané ftlank o equal the abdove Squa~
tions can b0 solved and the forces on the clesrance face can b

ocaleulated,

Tho dravback of the split %0l nethod is the ALfficulty
of separating the tool in-% Swe independent parts o that ome
of them takes only the strecses acting on the tool face; anéd the
other only the forces acting on the clearance face. Moreover
the geosetry of the smplit ol d4Ges et remsin in position during
the cutting process, and the assuaption that the coefficiants

of fr#tion at the rake end ¢the fiank face rexain constant
is not valid,

Vasilev () mmggestea .ﬂéoqmr:;gz not one but two proe
Joctions of the forees acting on the tool face Wy means of two
split tools of different design under the same ocutting oconditions.
With this ¢the necessity of nmnulnﬁ the equality of cosfficients

of friction on the face and flank surfaces ef the tool disappears.

New coming dack %o the method of extrapolating the force
relattonships to a mérp depth of cuty ae used in the present vork.
Constdering Figs 3¢ 4the yosultant force R acte on the rake

tece and She resultant R' gote on the flank faco of & worn ¢ool.

Tho ferces H and R* added tWgether gilve the cutting forcs F
who 89 eomponents are Fc and ?t aloag wvertical and horisontal
directions yespectively, then

P * R'Ein 8 +R Cos (Bac)
- F'*Rﬁon(ﬁo ﬁ) 40»(‘)
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L0 = B* Cos 8' +RESin (B ad)
= N' ¢R Btn (B » %) e (2)

According to welationships 1,2, given at 1.2.2, the
forces on the clearanco surface N' and F‘_' 60 not depend on the
depth of cut. Also tho tool faco forces F and N decroases as the
depth of cut is decreased. At a depth of cut approaching sero, |

therofore the above formula® roduce ¢to »

F |
" ” N‘ L X ] {‘)
4.0 .

Thopotoro by extrapolating the sxperimentally odtained
relgtionships for Fc and 1?'.e of the cutting forcesto a zém

depth of cut 4t fs pooeddles o f1ind tho tangential &nd the nomusl

forces on the clearance face.

#When using the oxtrapelatéen method the natural que se
tion arises uitk Qa tc whether extrapolation of the force
relationships t a sero depth of cut has any physicel mcaming
or vhether $t is simply s formal procedure for analysing experie
mentel relationshipe, In other wordss is the existance of forces
on the clearance surface poseidlo vhon the depth of cut Lie egual
fo seyo and no cutting is taking place? To ansver $his guostion
Zowev fitted g H.5.5. tool on a sensitive dynamometer. After a
certain time the fecd meghanisw was disengaged and cutting cone
tinued while gradually reducing the depth of cut to zeros tho
dynamometer vreadings Dbeing rocorded continuwously. As a fesult

1t vas found that whon the depth of ocut 4ropped S0 S6«70 § 1.8
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when thoe tool started ¢o slide over tho surface without cutting
She uitul. the dynamomoeter geading 446 not drep to zorv. Those
rendings concided with an accuracy within 10% to 30% vufx the
values of the forces on the cle&mnce ourface fownwd by oxtiee

poletion method provided there $» no built-up odge or styongly

developed secondary shear on the tool face.

A .-
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8.3. Tho ool matorind end Tool Goonotry
Tho onporicond o voro dono vith High Spood Stoo} Fooldo
cf <¢tho Oypo 10els8 vith approxinato ohonfcol éompo ettdon off (84)
c u o Cr v
0.80 o 0.00 1%.0 o 10,0 3,50 o 4,50 0.7 « 8,80

Tho following hoat ¢trontmont wvoo givon Co ¢ho Leols

oc oc .
Annoold _ 0v0 o 0O flov furnaco coold
Hovdpa 1230  ~1900 Guonehtin o83
Fonpor €% o 85%0 Cuoneh fn o4l

Al ¢ho H.S.8, foolse voro nade fron o ofnglo rod
of §/0° 'c:q. in m' oo otecoetion o Booh °°°E'. Dodng ﬁado of
G+§ 1inm longth. Following voo Cho ol pgosnotry solostod oo
do nignafod by the A.S.A., oo chovn fa Fig, O»

Tool Goonotry for H.& O, 40, Gp Op G0 3; 0.5
Tool CGeonotey for C.L. ©o 40y Op Cs 0o 3o 1.28 pn
Tool Goonotey for En 93 Fcol Op 10, @ p0p Op Oy 0.95 on

Pron coopsny conoldorn(fon toGh <ho ondo of o pleco
voro gsounds Thozoby providing <3 moos of Cools o Do nad?
availnbloako 0400 for porforming Gho omporincont. Fipotly ho
tool o vorpo pground onn oll tho four ctdoo @ oo €3 hold Shon
in tho con0 pooition 4p Cho univormld vico of o (mol and
cuttor grirdors %hon Cool o voro mwuMh ground ond finichéry
grioding vao offootod on C¢ho (208 ond cultor cvmdo.z;ce
prior W hordoning © oo to provido varfous anpglcooe Ao con
Do coonpy cono Cool ouglos VYOro propocdd for nlld $ho ¢hreo
notorfal omcopt ¢ho moco vodif vhieh voro olss  dotorninod

by Cood fcv Orind runc o ollofdm officiont culling of tho W|Mm
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balow Ro ‘twoll € 60 (vorfod fzon RC 88 ¢» RC 80)p fnplysng
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ggo"c to Oromcforn tho rofoinod ouctonito ocnd clco prinory
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S¢roin Indicator Typo . <00
llako 1 NoGlonnl A2ronausficol Latoratorye Bangoloro (Indin).
ColibraCion of ¢tho Dynamonotor

In ordor ¢o caolibrato tho dymamonmotorcs 4 vao Boltod
on t¢ho crooes slidoy of tho Agtho. A dunny téol of tho chopo
chovn in Pigs 0 woe ucode Tho dunny tool concisto of o S/0%

cge 0tOOL bar « AL omo of thoe onds <¢vo 1/28% long 5/0% cqepo 0o

voro voldod on tho adjoccont o
gacoo. In ordop ¢o oWMain ofpgo Pront viow
loading of tho dunmy %ol $wo :

‘ 190,
countor sunk hole0n of 3/10" ‘B%'Ezton viow.
dic wvore nedo oo clovn on vhich rig. 8

a 1/4" 61a ctoo) Boll for loadinz could

bo placods Tho duany ¢ool was kept at an overﬁ:a‘m‘ of 1.20 %,

In ovdes "ﬁo load tho ¢ood o cercv Jack waoo tighComod 4n ¢ho
dogohucl: of tho 1atho . A proving ring of 3000 Kg copacity
vao pioecd fn Uotweon <Cho dumny éooa by nlacing ¢ho cfool
. ball in pooition and Cho corovw jJpok.

At ¢hio stago AC 46 vorth notinp Cha¢ deo Co plocing
of ¢tho colroin cuu&oo for food aoand tongontiol forcon wvhich
ooy not B0 oxpotly nt 2ight angloes A¢ 4o poseidlo So got
poadini o in Ctho otroin indicatoy <for focd forco while loading
10 to4ng dono for Gompontial force ond vico voron. Thoroford

col 4brodon hoo o 2 dand Celiing into occocount tho abavo

foo? ot UnAoT.



31
Lot ¢ho clopo of tho pgropho for €02 Ny and
tongontiad Ry Pforco rpoodingo ©o A and B rzocpcetivoly, vhon

g¢ho dyaocometor Ao loadod 3o for fcld forco  Pg » Colidbres
¢don and C ona D wrocpoctivoly whon 4¢ 4s loadod for

‘¢angontiol forco Fq calibrotion, oe chova in Fig. ©.
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Stopo A Slope C
SlopeB D

ovo Ry & 0 Roocding Bg*v__gﬁ vo Ry ¢— 0 Rooading Rytvo —3

FSBO 6]
Thon
nﬁ = F“ H gﬁ nv(z)
A C
P
R & ___‘Q_ + E"c"" ves(8).
¥ B D
Pponn (1) and (2)
‘ A/7C - B/D C/A o D/B

Haoving oontabRichod ¢ho olopocs AsBC & D for ony oftrofin
indiootor roading Rq ond Ry » ¥, ond Py com bo ovaluctod.
Hovovope vwhilo colibDroting for Congontial forco ¢ho &ndfcotop
for 004 forco vossrdod alcd> d DOro and the cano Rindingo wAPo
Shoro vhilo colibdroting for food forco. Thoroforo olopoo A ond

D ggovo d8poctiy Gho onlidratlon gcropho for fcod foreo ond

cangonCinl foreo rocpoetivolily. Pige. 240 chovp tho calidrotion curvo o.



32

s

v

LTl o AT i M 4 T 7 &) -

RN ATIRge

%

m\

7

~

M‘

A\.s)h r

=

LGy

g

wsZ

¥

5%

FIHO VT i1/ IS v

7

2

-

e Pesigo~ s

A ¥

(6

rty

RSN AN AR

7/ .



33

~
. .
.\.H v g
; N iy
/.
£
w - f‘
) __‘_\
\ /
7f
& N
1 | ] :
S
o it Hi + ¢ . . \
. E ¢
\.~ N et "\5\:‘:~f‘f_ﬁ- e
ke W,}‘,Z?A‘ 7/,4 y ANANSN\N CLTEN AN SN LN - .\"t““l'

—_ .
AV
“ »

W

- ,I'.‘,g“ «,‘;":"‘7* ; F AT AN Y
P .wotfv,nu,f.{ \Mf‘\n RPN --:\s\,\ o . _i
B St

¢ (7 )

fooo !

cCo#!ound CO¢

MICROS
QUICK CLAITRING DFf Vit |

FoR -
L1 ANK We AK MEASURE Nt T

s !
R B &} [\i (SN - -
N A S X
,

da__ oo

L B AR
AN VI T SN A S
/é\
{ +
:

Fas L



—————

JL




i
6 von found ¢hat 840 K 0¢ forco wan roprocontod by 8 dive
of <ho ofrain indicatore Thuse tho 4dyroronotor could mooruro
aceurotoly upto 5 Kg foreo and tho zoading esuld B9 Qurthoy
‘o ptfimatod with acourncy upto 2.5 Kg.
3.3. FLARK UEAR AND ITS MEASURERIENT

The tool flank voar wvan ooasurcd by o quick clemping
nicro scopo of tho ¢ypo Em hovn in Fig. 3t. Tho wmicroscopo uceod
vos capablio of ronding upto o maximun of U om in cfopo of 0,09mn
which could ©o ﬂureimr ootinatod upto 0.0125 pmy wigh accurdcy.
To uco the oioro acope tho 6yo piocq woe Piret focuccod o3 oo ¢o
o btain o chorp inapge of the occlo ¢hon only tho vholo Anctpumont
wao focusnesd on ¢ho toolp Qh'im olininadting any orror duc Co paroallosn.
Tho tool flank fofnco vas iiluminatod by o 0 vwl¢ battory buld dy
fo cu nsing t8e 14gh¢ on tho tool flank faco. Pipg. 31(b) chovo Ltho
f10ld 0f vAGr ac coon ehmﬁgh the ayo pioccse The niemwcespo formo
an onlnrgeﬁ, voll {liumiinatod but invortod vipduaol inapo of ¢ho
ool flanlt fmm;

Figs 11yc chovo 2£ho  quick clomping ottochmont ucod
for noocaging ¢tho flonk woore A epocial f4nCuro fosr holding ¢ho
nicroecopo vas node which could bo clampod on o vorgicol pot of
o convendont hofph¢e Tho vordicel poct bBoing sorowod on Gho Bapo
ploto. Tho varco plate wao pmvlaaoﬂ vﬂ.th o V groovo e ¢that 40
could Do placod in pocitlon on tho fotho 1O4A and con B ¢icatonod.

Tho dotoils of tho ol hor oxporimontal condilion cmployod ond ¢ho
rocul¢o aro givon in ¢ho procooding Choptore Tho gttochod

photographs choviwo viowsef ¢ho ¢ wp for tho oxporinontotion.

Lo L T o1 -
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4.8, CUTTING CONDITIONS AND ODSERVATIONS

Tooto woro porformod on ¢ho Sheoo digforont worh
notorfoclo wich H.S.5 Coolo oo pointod oul cardior undop
asgforont culting conditiono wvilhout omy oulGing fluldd,widh

porpoecy 20 oody food ond dopth of ent oo chovn in Toblo 8.

TABLE 8
Vopl Avorage cutting Fooa DopOho cf ocut Pag.
Motoriale cpoed ¥ ¢ a

Als.  47.5 0.095 .00 2.5¢ 8.0 , 3,5 8

Me S. 38,0 0.10 otoa 19
5.8 0.4238 Y- 14

30,0 0.1289 wloe MY

| - 28.8 0.13 wdpe ic

C.1. 6. 2 0,18 4.003:49p3.002.9 iy

En 30 40,0 0,10 3.0; 3;59 9.00 1.5 10

For oaeh coty B00-ping cuGting cpood ond foocd conotond
ond vory 4ng ¢ho dopth of oule ool voar oné cutting foreos wOro roce
ordot. Fopr thio ¢ho cuw&nq’spomewn hod to B> inQorrupted froo
$4no Co %imo .ea theo width of ¢tho f3ank woosr lond imeroncod gron
goro ¢ 0.2 nm i¢n pino,

Pegee 32 o 88 (apd) chow that with fneroaro 4in flonl woor
lond 4n Qho cutling forco Py ond F‘g Anerooroc iinmoarly for o givon
dopth of ocute Thie Crond on cam BO coon war obcorvod 4n old cocos.

Go2s DETRIINATION OF FLAYK PACE AND RAXE PACE FORCES AND I3
COEFFICIENTS OF FRICTION

In ordor o coparato ¢ho flank faco and rako faco Coreoo

gron tho obrorvod voluooof Fg 088 Py  nothod of ontropolating ¢h
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foroo polotionchipo G0 o Cope dcplih of cut wao uood ao pointod oud
4o Chaptor = 2. »Pm\bmm\,mogw oceans, ok e Cm'vu(\m

Tho 1gnonr rolationchip of thoprojocltions of tho cult anu'\mk\*v\f
patio. Thioc can bo oncurod cotparotivoly roroly dut for o war
1and critorfia of 0.3 nn 46 vae found ¢ O vithio tolorablo
roango. (oo sioun in Tadle 2). YHovovors tho Lincor rolattonchip
voo oboorvod in caco of Mild FSool anad En 3¢ Dut for geoy C.l.

o cwodh curvay Joining tho nodnto and oxtondiay ¢to somo doplh
of cut vao plotted.

Tho notunl nothod conofote of Pocp rding the proejocilonc
of tho sutting foodrand wvonry Aond al various Antorval of $4oo
and plotting thon no chovn in Figse. 12 Co 18 Gp ) Such rolptlone |
woro gbtoinod ol four doptho of outs From theso gropho forceo
valuos a8 variouo woar lande for Chono dopGhe of out woro plotécd
on cmothor grophe oe chown in Figs 12610 (gy ¢)e Thos jotntng
¢hoco four poinGo rrocponding ¢ o particuler wvonr land Uy
o obroight 24mo or o roootb ocurvop Clonvomce face forcos can mov
pe rood corroeponding o tho 4nbocCpts thuo giviaz valuoo
of N° and P* of verfouo voluoos of ¢tho vear land ond tho
co of Phcions off friction a¢ ¢ho fiank ¢nos then con bo ca!.ctmaeod
dirocsly Cron tho prolationchip.

p° = Gan B¢ = [ g0 «e (1)
Kesving F° ond N? ond cadXracding thoceo valuoo for o porCicalar
voar lond widlh froo tho ermcposding voluoe of Fy and Fg w
go¢ ¢tho horinontol ond vordfcol corpononto of the rocultant Loreo

B on ¢tho roko oot oo chovn 2n Figs 3¢ 10O¢ thea Do donptod
r
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TABLE o

L3

g
Cutting Spood vd47.8 o/ning Pood © 0.078 an/oov.
1. & Dapgh of ocud 3.0 ﬂog 300 300
Pige B
a3 Av.chip Chichknooo {020 0,32] 0.50 0,39 {0.20 0,.88]0.2¢ 0,38
ShOnﬂ' ﬂﬂg&@ 84.0 33.8 H}gﬂ 33.8 3000 £3. 8 i(&.ﬁ 14,0
Cutting mood ¥ 36.0 n/niny Food = 0,30 nnfrov.
?,2’;' 45 Dopt of ocut 3.0 8.5 3.0 1.5
»{)e &
* Avechip Shiehnooo] 0,00 ©,00] 0.27 0.82 | 0.20 0,28 0,20 0.3
fhonw ooplo 2‘.’0.0 30,0) 88,0 10,0] 20,8 380.017 80.0 10,0
| Cn%nna oood B 38,9 oo/oing Food = 0, 128 oo/rove
Me&s | Dopthu 0¥ ouv s U Bo o iy V) TR
Page | Avechipthiohuooo | 0e80 O0o30| 0.00 0,80 | 0eu8 6,0 | 0,90 Usdb
ia “hocw Aaglo 10,0 30,0f 20,0 £0.0| 22,6 30.0| 20,0 49.0
Cutéing moecd = 30,6 n/ning Food B 0,428 on/rov.
M, - . —
m;.' Doptyof oud 8.0 2,8 2,0 8.5
15, Ave cfilp thicknoool0.30 0,80 0.37 0,39 |0.830 0,40 |0.3V 0,30
Shoar anglo |40.6 10.9] 20,6 10.6 |10.6 130.056/10,9 10.0
fl,a, futting ©ood © 86,0 o fnin 3 Fcoa = 0,10 ﬁm/mv.
Fig.
G Dopth of out 3,0 8, 0 2,0 8.0
80 Ave chfip ShAeNNOOO Oy OL 0,G0 |0.00 0,40 | 0,40 0,40 |0.90 5,00
£hoar angle ;aﬁaﬂm 80,848, 80 10, 20] D1.88 80,04 28,4 10,0
Bn 30 | Cuoting ©ood S 40.0 n/nfns TFood 0,10 nofrov.
Fige '} Dopen of out 3.0 49 | 8.0 2.0
&3 AV . oD AptRA0HRO Oc) 08 B0 0,00 | 0o & 0o 08 | 0. 50 0,08 | 0.08 0. 4%
hoar anplo 18,9 26, 0] 80,0 160 [808.8 280.0] 84,0 34,9




40
by I?; and !?{; « Thon ¢ 80 oncy Co coo  thade

0 d o p° Sind
rp = P‘Q Coo | I?O S4n
ond R © F& Cood o Fs Sind

Honeop | F;Sﬂ.n"f v 7¢ Coo o
p = ton § o F/le '

F;wad oF& B4l

e + I o
. o Fg Fc Son.

F& © F% Son <

» e (2)

Pron poloatfons 2 and Bp ¢ho cvofficionts of €rictfon oo U9
coloulntode

4.3. VARIATION OF COEPFICIRITE OF FRECTEON ON RAKE AID FLANK FACSS
WITH INCREASE OF WEAR LAND,

Tho oﬁmgo p’m soduro for endculaling tho cooi¥ficimeo of frice
tlon me‘mcaénaﬁ to o portioulas voor donde Theo con  bo wapoméd for
vorfous valuoo of vogyr land ond poindo com bo plotted to poprocont Cho
varfiotion of tho eaoéi'ic ioﬁ@o of friction vith woor land.‘., Tbio, oo
boo boom dom 30 chovn in \‘:t;o Figs. 88020 (0). ¢ con Do coen ¢thot, ¢ho
cooffiodont of frictlon on finnk faco doecrdowoe with fmcroocy of ¢ho
fiank uba&’ dand wﬁnnoua tho coofficionto of friction fo¥ wolio foeo

ponoto oalco of conotont wASh tho ¢iopk wvoor Sonde Thio poréicular drond
vao obeopvod for 11844 oCeooR ond En 30 oGoold and adco 4n onco of Croy
C.%I. and eon Shoroforo B0 Goloo oo dfl $ho rPoproontoSivo padure for

She 0o nolodce
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DISCUrsSION

During notal oudting ¢ho ¢ool wooro on tho palio ond
gionl facos- Xn procticos OO woor on the (o0l flanh gonorally
controlic tho 18700 of tho cuStfag Cools. Uoor om Cho gionlk fooo
40 coucod by Criclinn Dotwoon eno- novly nochinod wvorlk ploco
curfoce and tho conGact arca of ihe tood flanl. Tho flonl voow
olong tho vorl Coold inCorfaco dopendo moialy om tho e!.wang
voloodtye f00de ¢ho dfctribtution of chopr elgoun ovoy Lho
roglon and tho ¢hormo} proporifon of tho vork and $ool naforind o

Tho onporimontol ofudioco of forecoo on ¢he clsarcneo foco
ao corriod ouf at difforomnt dopthsof cut shovo ¢hat ¢hocoo forcoo
6o m¢ dopond on tho dopth of cut as chovn fn Figee 22 80 o
Pocoucy of ¢ho indopondones of ¢ho forooo on ¢ho elogrance £aclo
with dopth of out 40 40 poordDioc Co weo ¢ho mothod of ontropolale
ing ¢ho forco rolationchips To o Bore dopth of cut vhich onabdlod
tho coleulaGion of aofficioutn of friction on tho ralko and <o
flank 2oco. Tuprthorcoro oo poindod oul by Zovov (7) tho iinopy
rodotlonchips of ¢he projoctions of ¢ho euldting forcos ¢o tho
dopCh 02 ocut occurs ol o conoctant cutlelng roCfiod which hao ol
boan vorifiod Sor o voar land cpritorion of 0.9 Mo oo couvn in
Tadio C»

Tho onporinontal obeorvoliono with difforont dogrooo of
£lonl voar cGiov Chnt e iAnercord 4n tho widdh of flanhk wonr Bond
clvay o dondo Uo o conpfdorabdlo Ancrocco Sn cutting foreoce Conmporing
¢ho pognitudoo of worood and choar ctroocoo on tho raln and Clonl
gncoc (Toblo J) wo obcecopvo Chot ¢he ovorcge oosmol cdrooo on
tho walko fooo0 Ao noorly Cwico tho mognitudo of tho averngo wornold
8p080lonad otrooe on ¢ho gionhk foco, vhorono €O gvorogo frfodfonad

otrooroo aroe nearly cono.



Hoturc of Priction Pracous at ¢tho Tuol Fiamh

O ie

TABLE o 3 a7
~ Av. | AvePed Coog. |
pormol| o8roco of
Porticularo v e a v otroch Qg/oop Fric.
Kg/en
— Rouo fooo 20,0 84.8 0.048
1. & 3040 | 0. 400 | 3.0 a.3
Fianh foeo ' 23,8 3.8 ] .90
Roto faco a0, 9 3%.8 | 0. 98
EZ. 8] Co o 208 3.0 + 8749
Plonll foco | 116. D 0402 ' 8,89
’ } R
T
Rolto faco { £43.0f 70.0 . 0.080
| | :
Bn 00 Q0.0 II O4 8 | Q.0 a2?3
. i i ' } .
Plooh foco E , ' 90,08 | 00.9 - .88

ic Koowin Chat ¢ho uasmol etrout on the too} pobo

40 not upniform dut fnmcrogedr cuporonliolly froo Dore ot tho oand of

gho ¢ool chip contask 2ongth €0 o oanioum ot tho euddiang odgo oo

chovn in Fig. ¢.

Tobdlo & rwiovwn tho noob valuds wvhopooo tho cetual

voluoo of tho mormold cfron: moar ¢ho oulting odpo would T ernoldopee

Dly hich.

Undep ¢horo conditioncy cOfcking frictfonad contont fo

lilioly ¢ ooour.ovor o conoidoroblo porGion of (ho oolechip ec3nloof

Qroge

Mo fron ¢ho vgluooof OC moan Crictisnnl and COPrNgl of8oooce

Goon Cho flenh foco 8¢ coono ¢hat olfding grictlonnl bohaoviour ondcH:

Ao conBrocd € ¢ho B¢fAng
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CONCLUSEONS
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FURTHER <COPE
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