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SYNOPSIS 

The tore*s on a single point r l$ .4.i U. F.1. tools i,nder 
uporoxLsut• •rtbegonal sad dry cuttti$ conditions for prsgato. 

s 4ve `lank wear ass analysed on three different work rater tale 
ris. Mild Stool, (as uippiiod) , Gray Cent Iron and En 30- 

fully nttenod, under the assumptions of constant take and 

shear snsia$. 

Orthogossl coupouantu of the cutting fares. as. mssoured 

with the use of a simple Wa coupeneat force lyrnaeonoters with 

wire resistance ruin gauges. Forces acting on the tool 

flank and take frees or* separated by using too astir d of 

extrapolating the fors* mlatioaabtp to a zero dep.!th of out. 

Coefficioatsof friction on the flank and rake faces are calculated 

,Sad cospar#d with incroao of the flunk wear load. Reaenabiy 

mad VØguIte a + a lee ua+. Poottbie ox,ieuations for the a taro 

o f tat otio a o esurrin g at the flank and - rake taco. ore given. 

It is al cot~aLuded that the coefficient of friction 

on the flank face and to elm the flank wroor to strongly 

related to the worh.tooZ interface temperature and turtler work. 

in anrlra lag the ease rust be Due sus d in o ►der to &tot a 'o-

conclusive explanation • 
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LIST OF SYMBAS 

Sad. rake angle 

y 	Cutting speed► a/nia.  

t 	Fee d0 an/rrv. 

d 	Depth of cuts as 

v Width of Clank Wear land► an 

!Q 	Coaponent of nutting to rua a s "Corded by the dynanonater, 

!t 	Component of toed force as roco r!!sd ty the dyaaoret er► Kg 

Tangential component of force at the rake face, K;. 

N 	Ni rte► component of force at the race face. Kg. 

F' 	Tangential component of force at the flank lace► Ka. 
No 	Normal component of force at the flanke fore*# KU. 

µ a tan 3 a F`/N 0 Coefficient Of friction at the raka face. 

µ' s tan 2'0  !►/N A Coefficient of friction at the flank lace. 
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OF THE PROBLEM 



i • i. xwrIoflvcTIoN 
The study of friction is Important wbsro«.aysr the 

,lid ourfsc*. are in sliding contact With each other. In c 

of era nvsatio sat sliding of two Ol cans d*, rr o oth surfaces in 

sir whew. the rules of Amantd1rs as originally stated Lis 16'09 

and gives below are still otttotsctory. 

is  The coefficient of fri tion is independent of the appliod 

load. 

S. The  coefficient of friction is tndepandsnt of apparent 

area of eoalaot. 

Other smpi ica1 der for ordinary bodies in djy sliding 

,contact Include$ 

8. The costtiotsnt of friction to Independent of the ambient 

temperature of the metals. 

4. The coefficient of friction I. indr_pandant of the sliding 

spoad. 

HHxsrrar, the abays males may not hold true where test 

conditions are sufficiently abnormal as is usueliy present in 

metal cutting. Vitotion In eeta2 cutting to of interest and forms 

a basis for fandarsdtal studies of rears fiction, and atomcal 

reaction between the tool end the *hip and between the tool and 

work pisoi, under conditions of high temperature. high pressure 

and yeast surtaoss. Motaliis veer, although a feniliar pbien. 

ssnon is extremelycomplex in notsi cutting and shows wide vans. 

t Ls n because of oxtzsss conditions and the roforo rats of roar 

encountered are fairly rapid. Th. physical and nscbaniaal pro+ 

parties of the work material depending on the composition of 
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the seta constituents, the best treatment sad presence Of 
i.aolusions ate can else influence the tool wear rota. 

1.8. FRICTION PiIEIOMaNON IPA METAL CUTTOG 

In octal aachintng prove saes frictional drag apparently 

is encountered on the rake taco of tho too& duo to sliding of 

the hot chip under high pressure. As the too& rear du* to 

rubbing With the *aasnt work piOce surface additional trio.. 

t l o nal d taw sl to o s ou r a► 

As analysed by Merchant* Figs 1, shows the forces act tag 

on the shear plan* and 09 rake lace during orthogonal cutting 
with a shaip tool with the following sssumpbloass 

to The * ing edge of the tool to absrp and do em not 

make any flank contact with the workplace. 

2+ Only continuous ship without built up edge is 
produced.  

3. The chip does not flow either side 

d. The cutting veloetty remains constant. 

Fig. 2 shows She tree body dissrear of the chip bald 

is rtullibrius by the action of two 54usl and opposite result. 

ant forces R and as  . The tbrogo acting on the chip are the 

frictional terns F ant the norsal tartar N at the tool Val e 

tees, awa shear force F s  and the oz s1 to roe FN  arc the 
shear pear*. The resultant torsos R and as  are aseusod to 

be ooliiasar and Inertia of the chip is being neglected. 

The, tool is Ideally sharp# in that it rspa05t. a lice 
contact with the new work surface. 



Such s picture of the outt inp 9200414010 s xoopt possibly 

duping the oa*1y life or the tool• is usreelistic because of 

the tosdeasy of the tool to dull With tit.. Fig. 3 above a 

are rc*ltstio situation for a ware tool in which the forces 

a ro shared bV the wear land ale. to such a cad, the ratio 

of frictional force to so real to roe are 

µ 	 a tans 	find µ• a F tae a' 

for reke anti flank locos respectively,  

The two frictional pzaa.ssss resulting from costs*$ at 

those surfasssp however# are difficult to study separately 

nadir ordinary cutting oanditioas, since both normal pressure 

and shear stress of the work Material are Mot road$ly dnteraisebl.. 

1.2.1 Eruct is w o n fable Face 

At 1 	pro fit the soet generally accepted theory of 

*ry friction to a composite of contributions du. to Hain, Bras$ 

and Merchant and ba d*s and Accordingly it is viewed as being 

as 	sod of three factor ,a 3 

1. A *eohsuicai interlocking of surface arporitios. 

2. A plowing of the surface asperities of the border 

of the two metsls through the cotter, 

3. A voiding of the surface asperities of one netel 

to the other* resuitI g into the forsation or 

#ptsUio 4unctlonsr 

to metal outtingo however$ the aceffiotint of friction 

varies with respect to morass loads the relative velocity and 
the 	apparent eras of contact. According 	to 'bee 	and 
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Trigger (t)'* the sooffietit of friction varied because the 

temperature, at the sontact was out side the range of ooaroaw 

t!s oat studio, of friction. Fiani0 and Shaw (2) gave another 

explanation ter the ease. Thaypznposed a theory to cover a 

large, rang• of morsel loads, varying fros those producing a 

small area of real contact to these corresponding to the 
compressive yield strength of the, softer uatarial• at which 

the real, contact area sppro ob► s apparent contact area. They 
suggested that in natal cutting the conditions at the chip• 
toot interface to +oaavhoro between for two oxtresrea wherea 

jfl conventional tests, on friction the loads are light and go 

also the real +trey► of contact. According to thews the coeft.icioa$ 

of friction at the rake face can to defined &*I T. 
?~r~,t~t~ n►i Farce 	~ s ~ s'p 

	

0 re, 	 0 	 a j ....... 
Normal F. t+ * 	 Apr' of 	 r * 

	

Where, 	• reel area of contact. 
K 	• the welded frooti+on of the real contact area. 

the abeor stress required to rupture the welds 

and r'0 0 the sorsal s tpess on the real contact area. 

They found that the coefficient of friction at rake, taco varies 
from 0.88 to 1.ea while snobtaing SAS 1090 steal with 19.461 

f,S.£. tool at $12 ft/sin cntt -tray speed, 0.0063 is/rote lord 

and 0.25 in depth of out under dry outt- ing with a variation 

• f rake angle from 00 to 500. 

• Numbers written in p renthesi s refer. to 

Reference• given at th9 end. 
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In order to study the mechanics of metal cutting• 

to arrive at a better Understanding of the subject* a roneved 
interest in contended contact tools we taken in tho last 

deoadsr though the practical iapttcattons of such tools hard 

been realised bV workers such as Kiopetook some forty yenro 

►l►. Taksysrs and Vent (3) studied the aechantas of cutting 

with contXutt.d•.cantaot + cols. They moved, that taoi.c+h#p 

are• was a major factor which Influenced tho deformation prorn 

coos and the cutting force*. Their experimental evidence 

suggested that the chip shears along the tool.chip tatortacs 
and that both the abour *ad acresi stresee.c on the rake face 

were constant and that the for er was iç,usi to the *ahsar 

strength of the k:-o rk asteriel "o " h. change in the eo of f is tent 
of friction was accounted for the variation In nornst londi 

under different cutting conditions. 
"The coefficient at friction in motel Butting" was so 

variable that Hama (i) doubted whether the term served any 
useful, purpose std Knn.a rg (2) was of the opinion that 

it should be Abolished altogether on the ground that it was 

positively harful to keep it in circulation. 

11su (4) in his study of pacteel and shear stresses oa+er -- 

cutting tool of control ,ed contact type stated that super*,  

f total ly it looks as it the chip slides over the tool but ate. 

rescopic examination rather suggosts that conditions at the 

chip tool taterfac• can hardly be called " tricationsi". For 

this reason the terra "dpsront coefficient of friction" was 

used. Hr found that the chip partly , sticks and partly *ltd,• 

over the took and only In the latter region can friction 
o Recur. 
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7a !dM (5, 7) +0 Wailanee and fbotkryd (4) Used +ooa'ts. 

11*4 contact tools to study the friction process on the rake 
face. They explained that two region* existed along the tiol 
chip contact length* Wig. 4 *0w. a Schematic diegrrn of the 
stress distribution* on, the take too* as suggested by the a'bov'e 

workdra. Acaordizgi3r the mean ocefttcioft of friction can 	be 

given at taaet two eampletoly different Interpretation depend. 

ins on the two extreme oases of movement of the chip over the 
front fao** 

in the print case the mean coefficient of friction 
cpara +rued a slip process too* en external frictional prow 
C00s and r~psstour +gyparcximatoly con*tant $.p. do*d not depend 
on the normal preosure. i11 o $haw ve i'ds it c+sn be said that the 
chip and the tool thave as tw elastic adie.. 

In the second same the mean coefficient of friction 
ohuraoteris•d processes occurring Inside the chip' a contact 
layer or in other vo,ds the chip defers plastically and the 
toot behaved as an elhstidleder and so the vaiuo must d a►p 
sharpie as the normal stress tncr sees. 

In practice contact conditions are observed Which axe 

som• what is between the first a ►d the two. Over the die* 

t&see ht h0 from the tool tip also termed as "sticking 
region". the cheat stress was constant and represented shear-
Ing of the chip while between be Sao an ominas► sliding 

friction occurred. It was round that , as the contact 
length is reduced from ba to he the cutting parameter, 
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remain unaffected but 1~ further reduction* In contact length 

the forces decreased and the chip ratio increased. The contact 

length below bd (the critical contact length ) were at prioa ry 

lspoftsaca for controlling the cutting forces and deformation 

process. 

Similar rosult o were shown by Su* (i), He derived. 

a shear angle relationship for natural contact tools in terms 

of contact longtb.undsrfoved chip thickness ratio* The rain 

tion gatrso a number of predetermined values and therefore 

cannot b* readily used. 

Chao and Trigger (9) invoctigatcd the practical aspects 

of these Boa ntrolZedcontaot tools an.i showed that by restricting 

the tool"chip contact the isreas and power to cutting were 

reduced and the toot life and surface tial i* vovod. 

An important cdntrib+uttion to this study was made by 

Veal and Bashi (10) . They can*l.tschd that fa s single out 

wt.tbasltural Contact tool, the behaviour of controlled contact 

tools could to determined. 

Tests with aontrv1l•d.cantact track by .oa lode 
and Ara*te o (it) have shown that these tools bibsys as 

natural tools Rv3 tw.- *511 undsfaysed chip thickness. 
controlled contact length (f/h) ratios are used, A distinct 

chsn$e in necbasisa occurs when the t/h ratio exceed 0.0. 1, 
They Meowed that Usti and Ho chi's (to) slip lino field *DIU- 

Lion shows partial correlation with experimental date. 
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1.2. 2. Friction on flank Feesi 

Tb. study of friction at the flank tao* has not 

c.lv.d adequate attention. It to a known fact that effeat 

or fs.ve or crater wear are opposite to effect of the clearance 

or flank weer an the putting force,* in thud respect Michulettt. 

Do Pil,lippi and Ippofits (12) noappsluderd that It to possible 

to know only the caabinOd and not the siparsti ectla n of the 

two. In order to Investigate these offsets s paretely many 

authors made tests with tool aptorials under conditions to 

•void a built-upi8g• that created such crstar wear than flank 

wears and bra the other hand with different work materials, 

particularly abrasive Materialso +0 a vary small crater deve.• 

lope than the lures wear land# the points stressed vexes 

to Weer land# r ua spocia ly to sbvasIon an the flank 

below the csuttiz Odin, inOreiSe. nearly uniformly 

with cutting time after a dart Initial period. 

g. Gutting force incssases with wear land. 

cau vo of the p radon l sift importance In no et eppi tca.. 

$io nr• f3tfk wear is 4 widely used criteria for evaluating tool 

life, an arbitrary length of wear land e.g. 0.030 in is being 

used to o.tabl3ab the ua;iful t*Q1 We. Mansell and Jeff.* 

(13) iuvuctigetod tho foaeibillty of ustug, as a tools life 

uriteriotu the percOntug ingt.as© lu the good force on the 

cutting tool. 

Taksyoma and Muri.te (14) undertook a fundesental 

Aavast1gatio n of tool wear -and tool life wsialy I tou the view 
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point of flank wear eat stated that tool life from the stand point 

of flank wear can be predicted to a first approximation by the 

initial cutting temperature by 

• V • 35 ~ B/ o1 

Whore v a wear on the flank face 

8 a activation energy 

8!0 = Initial cutting temperature (abs lute) 

T a Tool life. 

Experimental results using controlled wear lands were 

reported by Olbert (id) whose main aim was to study the increase 

in average tool temperature as toeasured by a work tool thereto. 

couple technique. Chao. +i and Trigger (to) made an experimental 

investigation on temperature distribution at tool flank surface 

by the use of a moving lead..sulphide photoconductive Infrared 

radiations detector. The surface in question miss quitkly scanned 

by the detector" view field. Tool face frictional force calaula• 

tion from thermal considerations were compared and found to be 

favourable with independent dynamometer measurement. 

Okashi and SU s (i'7) machined an alloy steel (SAE 4140) 

workplace with a carbide tool having an artificially controlled 

flank wear land. They *bee rvid that the mean frictional stress 

on the tool flank was constant and independent of wear land. 

undatormed chip thickness and mean normal stress. The mean normal 

stress on the t*ol flank was foaled to increase as the veer land 

was increased, giving a reduced coefficient at friction. These 

results led to the conclusion that the real and apparent eared of 

contact were equal in this region and that the mechanism of 

friction was identical to that on the portion of the tool rake 
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MThOD6 Of COMPUTING FLANK F/CS PORCRS 

Is order to *valuate the friction rec•fttoioat betwss 

the tool flask an* the wor°!t surface. it is x eessary to find 

out the easposent of forces F' and N' active at the tool flank 

!o rt:$ given width of wear land two « The method employed for 

finding then was one of the method* suggested by Zorov (7)• 

Zorev suggested rive different methods for axperiaeatol 

4stesa lvation at the fors acting,  on the tool flank face. These 
are worth mentioning beret 

a. Method of extrapolating the force relatbnipa to 

s. hero depth of cut. 

b. "!othod of taw. angle selsctl+c n. 

C. Motho d a f comparing the cutting fO res s 0 it h differant  

wadi land values on the clearance surface. 

dr Method of a bli c ns*angle cutting. 

s. Split tool 0otbodw 

10 the present work setbod of extrapolating the tome 

relationship to a es no depth of out has t*en used mainly because 

Of its sinpitcity lad accuracy with which it can provide results, 

however. with the aaswiptlons that there Is no built , edge 

and no eseondary shear on the tool face. 

Other methods worth explaining are discussed here in 

brief. 

b. 	The method of rake angle selection follows from the 

schema of action of the forces as shown in Fig. 3. Rseolving 

the forces acting en the teal ^Lon# ho r"o ntal and vertical 
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We get. 

Ft. 	a FCos'( W14Bine( +N" 
and 

NCosat +FSin< +F' 

It can bar seen that F 	N' at F Co s °c. • N stn c • a. 
i.e., at tan 	F/N . Since F/N is the mean coefficient 
of fiction on toot rake force (µ ) • then 	£3 

and at this condition the darn $stir will give directly the 

carnal do rc• on the flank lace i matter what the depth of cut. 

Therefore, It is ne ce arary to select a value of the old* yoke 
angle at which the value of Ft of the cutting force rnaun 

constant c 	.. the depth of out changes which in normal case 
unpranttcable and norcov'as the aesuaption that . IS aronains 

conitant is not true• as has been verified In the present Inver. 

tilatlon als, 

The aetbod of Comparing the cutting forces at diff*sett 

anounta of weer on the clearance eufece is useful it all the 

0 

	

	cutting conditions remain Constant and only the width of the 

clearance wear lad increaser* the chip tornatton p +ocess does 

not generally change. Thereto re the terse It an the ftko tao* 

does cot charge. M +nee the Changes indicated by the dyna~ of ear 
to boriaontat. vertical and radial die options arc due to the 

changes in the corresponding direct ns at the forces acting 

on the 4&oare nos toor for a increase of wear &-and 	a. 

Knowing 6w it to possible to determine the actual 
forces acting on the clear ice surface. This can be done when the" 

is a pa*p* io *l or appr^e#astely proportional rol*tionship 

between the wear lend width and farces an the clearance surface# 

Thus by measuring the projections of the cutting fordo at two 



to 

different veer land • it is p* ssibLs to establish tb* straight 
tins* by oostLnuning then tilt they intersect the ordinate 

axes which then gate the Value* to seal* the projections of 

the forces acting on they clearance surfaoo, 

In practice cutting force projections are uaneurod at 

several different degrees of wear land. In fact there to no 
basic different* ht!tveen the method used and this one. 

do 	The method of obl3w4uo'. la cutting requires beck raw 
angle .and nngie .of inclInatio n of the ch4A*t•4sast ere different 

degree* of w*ar of the flank supine.. With this it in necessary 

to use th pee Comast eta reS d *o*tur 4, For n ne are gI.ven (7  ) 

to calculate the noraini and tangential fo rae s at the flank fsra  

at different vonr land.. 

s. 	The split toot aothot for measuring the cutting forces 

consists at using n tool consisting of two parts. The trap part 
of the tool fulfil. the function Of the tool tae. and the 

bottom part the function at the dlesra*►ce faoe« The too part 

can independently nave at the bottau *as is the direction of the 
tangential force on the tool face and t ren tit this force to as 

additional df$eeoawtor. Thus it to possible to aensurs F0, Ft  
and the faros F $fld only three unknown are Sett in the two es li.r 
d#rived equations Via. 

Ft  a F Conat M M 1iAk + No 
sod 	Fc 	a 	 + ' Siis'C + rl 
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With the further assumption that the coefficients of 
Srietlon on tbs too& facto +rat flash o e •quel the above equss 

Lions can be so 4vo d and the tore* * on the olssrancs face can be 

calculated.. 

The d ►avback of the split toot 00thod is the diftsco&ter 

of Separating the toot in-to Sw. independent parts so' that one 

of than takes only the strsrrsss acting an the tool taaeo and the 
other only the forces acting on the clearsnas face. Moreover 
the go ne*V7 of the split tool die cot rya .n in po *,thou during 
the cutting process, and the assumption that the cootficiants 

of Sr**Lion at the rake end the flank face rsnain► constant 
to not valid. 

Vnsilsv (1) suggested .~+ asurh 	not one but two pro" 
Sections of the force acting on the tool face by means or two 

split tools of different design under the sass cutting conditions. 
With this the necessity of seaming the equality of coefficient. 
o f friction on the face and flank furtade s of the toot disapp*aVs. 

Now Coming back to the Method of extrepoZet*ng the tomes 
rslatien+ rice to a MOM depth of outs as Used in the present wore. 
Considering Fig. 3r the resultant force A acts on the yaks 

teas an the rssoltant ,R' hots on the flank taco of a worn tool. 
T he foveas R and R' added together give the cutting fora* P 

who ss oaposent* are Fs and F5 oloag -vertical and horizontal 

directions waspeotivsly, tbea. 

!'s 	'* 	 •R Cos (A . 4 ) 
• F' +R+os (a« at 	... ~) 
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Pt 	a g+ Cap • 8 # '+' R SLn ( • 4 ) 

a No +11 Fun to 0 4 )  

According to relationships 1, 2# I Ven at l- 2i the 

to roes on the *ftV8 ►c© surface N# and F• w not depend on the 

depth of cut. Also this $*oI face forces P and N decrease* as the 
depth of out is decreased. At a depth of out approaching s.ro, 

therefore the above formula* reduce to • 

F' 	 .. (3) 

F 	' N'  

Therefore by extrapolating thi experimentally obtained 

relationships for 	and Vt of the cutting forc.Sto a siro 

dept of out It 10 pp a hle to find the tangential and the no to l 

force* on the clearance fac±. 

When using the extra,elatd.n method the neural q r s• 

tion wise$ xMk ae to whether extrapolation of the torc+~ 
relationships to a aero depth of out he* *zW physical meaning 

or whether it to simply a tax ai procedure for analysing •xp•ri• 
camel relationehipe. In other words. is the existence of forces 
on the clearance JP#see pasrihle when the depth of out is equal 

to sera and no cutting is taking place? To anxv.r this question 
Zo rsv fitted a 8. S. &. too& on a sensitive dyaaaaeot.r.  . After a 

certain tins the Bred asehanier was disengaged and cutting con 

tined while gradually reducing the depth of out to Zero, the 

dyaornnster readings being recorded continuously. As a fesult  
it was found that when the depth of out dropped to 041«10 0 1.s► 



when the took Started, to sli+6O o~rsr the surface vitbout cutting 

the a•tsi. the dynamometer reading 4Ld not drep to sore. ThGsG 

readings ounatded with an accuracy within 1O. to 3O with the 
values of the forces on the clearance surface foxxid by axtr. 

poly*tau ilSthod provided there is no built-up edge or elxDngly 
developed secondary abear on the tool face. 
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3.3. bo oZ Dctor1o1, 0126 Tool 	no#r?V 

bo orpor1x rt o t70To 4Otao I tb Hficb spood Stool Tool a 

of tic SsrpO tO*o8 tt2th. app oninatco obcrteloal compo anion ol` (t34) 

C 	u 	Cu 	V 

0.90 o 0.00 17.0 o 10.0 3.50 4.00 	ae a 14 80 

To fo o"lnj Loo trot oor t arcs o t;lvon to tho tool is 
oc 	oC 

AAnO l 	 O 	o f G0 	'oar ft T?oaco cool 

a dip 	 2230 of 3t00 	kaouc x An o ll 

Tompoi? 	 a 5Y Aro 	Q,UOt O t In o 111 
AU tho R.S.E. tools voLo t Qdo fUota o ouselo zod 

of $/DO c. In in cis* ov+aoctIot ., Each tool both mado of 
4.5 In 2 to th. Following troo tho tool door otry toloatod ao 

do o uo JO4 by the A. S.A. as com a Plot. 0. 

Tool GooSaots r for M.t. 	Go loo Go 0. Goo 30 0.5 rya 
Tool Gc.omot y 4'o C.I. 	0. too 00 0. Go 3 1.29 to 
Tool Goo aotry for So 3a Ftcol Day top 0 o oo 0. Do 0.75 cm 

From oco j aouoldoza t ton t tb tbo ondo of 0 oco 

Provo S uod. 	ao,;o1r pr*vt4inj 40 rM a. of toolo to bo noCa 

evoilc1 OUi a 101L10 for po '$oriicr tho of po'i'uiont. L$ otl r t to 

tool o aoTo 	Tad on all tio four' a ,doo co co t3 told thos 

Am tbo co pa piton In tho 	or al v co of a t*ol and 

otattoT CTIndome '&oa tool o rvor'o tut c t ,und and jajcb 

arl~ad ioa woo affootod on to Cool and outc3ow Cvtndorco 

p T to b donlarj oa co to p ro vIdo varAou o anrlo c. Ao can 

bo c ono co goof aoQlo a tiozo ptopo cod Sos all tbo tb'oo 

na 3os7AaA oncopt .ba z c sodsa at~Aci uot'o O M dotosc iao0 

1, Saab fo~r tt'Ial t'unc to Ott aim of fIoiont cct ag of tha WPM 



26 

I Q. S(/AT (/(?f 	(9 1O,F, ,C ~6 • 3, 1;  

Pc' I;nLi 

	

1 	f 

	

I 	r 
r!' l ,3ut t1LL  

I IjDAF( 	Nr-Lt 

FIDE r-?tLFEF /1NSLf _  

f hJ 	 / r. S1[/f r vl T /NG tCi .i '- V6t. 	- 	- 

~: -~ 	 l+G-t PRDIUS 	- - 	- 
UGC 	 ~ ' t h rt- L /ti 4 j H 

y 

ANGLC 

s)NO.,t RAr..•It,,5 
E +°4l} L L. 	I 	. 	 Nt.'   I 

	

!(7t aA;d 	IC.t t 	f~ALI¼ kAN} CINLt-L 

A\u i   

	

'4Jr} 	RE LIF F 	r nrf) 1' E. i  
AN(, t F 

r 	\/tf L' 	 PIL k+r 	S i:)t 	1r:f 1/Y 

,- IG N/\~i US~L: 



~7. 

Coto ^'o lkovdc t tJ a- S. so At to woittbtZZ C> t 03tha`t 

14.S« S. po oc00000 VOW Aoa ' A►orooi caadqua 	it}r a04 {bvru$ar~O 

it i.c uocoacapy to boat it in otnt{oa . TOolo crat?o ftvcit ba4OO1 

to about O100C in ono furnaoou the holdinj ino aoe oalouloto+1 

on the baQic a1 iS to 20 Soo,/n= brio 000 (298,20) tea tvanr' 

f or rod, to a A lob tonpo rot31 o 'uru cO aaintainod at a '00090raOr pO 
o f 1250 °C for 0ordooiu8. The bo1 disc Size in the cocoa[ 

f arna0O ufO from 10 to 12 coca► per an thictao or as roconmondod 

or okoctp 0 furnace (C to T cia. per an Whoa heatod ,o ba'rit!n 

color do both). The t poraturo control vac+ 	M 

Rordantnc woo affaotod by quonobkur its all along the Zonrjitudtna& 

ant o to aro *d 'tarp tnt. The 

temperature of iota C to 20000 

tool a vorO cooled In o!!l to o 

tat this toraporaturo the oU go 

slightly funtn on the tool turfaoo) after which they Vora i rood 

and aliot od to coot in upon air. 

to ardorto aatborr in sraatoo a abut the hcsrdoaabl 9' q 

of 	the 1I*p.S. at 	` .roto the fitott furnace rrno I opt at a tc 	oraO 

tare at 0000C - and 	rc*ud one at i910OPC 	cad bcar4auiul of otta 

of the tooto vom affected. $t trot found that bards or 1ao 

baioa Ro i7OU C GO (variod fron CC 02 to RC DO) 0 py thrj  

tat the tool trap ovoriioatod. tlftb Chic infarantfan the Cfeus,,.ectm 

tiara i opt Ot 0$o°C and I'O~3G°C zt,c)tctivo2y. In that tacos tho 

tsardno oo of the tool roaC'od fie RC 00 to 'EtC 03 thereby made« 

aatiag p vpar hardoaacaa øf the tool. L o aiiy o Corr sordoa , 

tho o'ruoturo of U. S. S. Goaaiof ao of nartonoitoo rotaP.aod 

an oton1S o c d casbido cb Tonporiarp to o !one is the electric 

fnrn oo by ho1dire© tho Cooly for I bony at 0 toaporaftro of 
cooaC to traucforn tbo retained anotcatto and alcc pvi~aasy 
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and coc n W mo Gowc:Nto (c i.cb t,U3 to In tho c,ro c Uopod 

form)* tboro r vollo' nrj tho fin ovaot ctroccom x.or3 O 

caeca procip totilon hardonio3 and do1ralopo tbo caoaUlo6 cocond 

bc~tdnoca of tbo ctoo ,0 	ich can o vocjninod tthoo tho otooi 

t o cu 3Quont ip bootod to OOO°Cf) tothg in ot'focto the htt 

od hardna ao or the h ct good stoo # 

Mtor tc poring tho toolo rroro voC rund on the tool 

Gad potter arindor and ftoaUly lopped b3' a Csarponir +ono. 

Finally various no co radii aoro tivon gin propo c d oarZior. 

3. c. CUTTING t fCi s AND 'fl1EXt t1BA FMENT 

The C biU3 gorcoa 1oro tioccured by o too eonpoaont 

ot'a*n CaUlQ typo 4ofto d rcinonotor o a shown fin Vii. T. The 

dyn nonetor Co ocict o of o 7,,'O th ict tieS. bo ca plate 0" 

aizo capable of bola t ltod on to 'ho cro at' clido og the 

Zrctho. A hollow C.I. Blooti 01 8" n 0" i O' o oo boinrj b ltod 

rigidly an the baco ploto. The tool holdou is of o re&jOO 

cil indrioal eriop ov. with c& rculor flan for c1ctp inC in the ca ct 

Esau body and capnblo of holding tho toot in po citionD boinj  
made fn Q r lid cylindrical atQOZ pioca. Tho tool holdor oclD a 
on a cantilovor at the taco of which two poiro of otrouxi  

concoo at Vttbt Qflalco wore ocnootod for naocoria3 the butti1t vo 
2~prabo 	and ',0 . 	 po goasQicatino of tho ct oAn tyauaoc aoros 
Typo K.40 	 Gate(3o factor 2.00 	2 V3 
AaoAr cent bo 0hno 	05.0 	0,8 

ti to $ Rob in a and Cociponz, (106100 Roo r'ioo. 

The pOcsv1cotflon of the ctratm :&ndflcotory (13 nd n.) Uc d for 

col 2brtt n and for cubcoquont o rportoon gtean in the wo rh 
ware no undors 
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Stvoin 1nGloatot? ippo . Od 

Ulotso 1 National koro want 1col Labor Co ryo nan3a)jo ro (1u2ia ). 

Calibration of to Dy 	motor•: 

In ardor to calibrato tbo dyna©ozaotorc* i Sao Wltod 

on the Oro ca elldoo of the latho. A du amy tool of the chapo 

cboao in FtQ. o was ucod. Tho dur3 tool conoi t a of a 

cq. otool bar At one of the and o tro t/2" to nC 5/0" cq. p 2 coo 

vo70 oobdod 

 

on the udjacoot 	 o 	..... 

gaco o. In ordov to obtain odto 	 q a v c 
loadin, of tbo dunmV tool two 	 1 
counter Cush bo l..0 o o f 3/ 10" 	 t~ oa ► oar. 
din oTO =ado no rotru, on Which 	Via. a 

a 1/4" din otool ball for lon th could 

ho pZacodb %o duri+y tool ryas apt at an ovorbamc; of A.2J `. 

In order to load the toot a ccro aacl aao tiabtoo d in the 

doi obuch of Qbo 	latho . A 	vtoa rincr of 1000 iç 	capacity 

'inc placod in bot^ioon the duc 	tool by olactuj the stool 

ball In po ottion and the coot?Cre jaoIt. 

At thio €taco it Sa worth nottnrj that Cleo to placira 

of trio ctratm Qauc oo for food and tanoTonttab forcor, ribacb 

taay not 

 

he oxeotly at ri~bt a clo e+, it to po a niblo to Got 

roadin r3 in the strain indlcat* for good To rco ►bt3o loadinrl 

to to in do no for tsaof3ont nal f'o rco and vice voa coo« Thoroffo to 

calibration bn,o to to tono tai:AnO into account tho o ►vo 
fact at under. 
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Lo k tho clop o o ` o arapb o ico r Rc 2 Rr~ and 

+~anconcic 	80 'ot'oo rtoodSnao to A and D ?ocpoo LVolyo vbon 

cho dv+ cototor ado to odod tea fox' gcii forgo 	L'g .- Ca4 S.brc ► 

4 on and C and D ro cpooi~ ivotp whoa St t o to adod for 

' tmc~joatl ab is rao PC cab 1brao nt o o d1ow2 in Via- 0. 

04 

ova R 	0 Roadifa Ltg+V0 	O T y c— 0 RoadLnt  

P t [a'. 0 

i`h o a 
T3 	 + 

A  
... 	 .. tE } 
C 

PC 
4i 	 13 	 D 

From (1) and (2) 
1 R 	o D Ito 	 CRS 	I o 

	

A/C 	V 13/1) 	C/A o D/l 

Han aag o atabl resod the os,opo ve 4[3,C Q D for an r~t3 etm 

	

S©©aoc o toadinfj L and fla 	'o and F, 	con bo ova1uatod. 

layover. abilo Ca1laro on for 	 force the tndlcctor 

	

for food force roc rdod 	r Dora and the c uo f ndtuZ o iøro 

thoro ti 2.o caS Sbsat las 4o good force. 'horofo ro alopo v% A and. 

D cavo d2coc ; the c&J.bratto n cvopb o for food force and 

tonConG P force ro cpoc tivo$y. P. A0 c ri o tho col lbrc~t'ion ourrvo c. 
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3i4. 

Sri -ryas found tbCLt id Kj of forrco t1ao ropLocOe*ta6 by i dIVe 

of the otLoia in tcatov.6 Thus GSo dynan000tor could noc rurp 

caoouttatoly upto 9 K force and the woadLn could be fur tho' 

o Otficiotod ►&tb accuracy up 	. t 

3. . FL 3T t1 AR A3 D IT S rigA 	r* r 

' h4 tool flanis coat wan Qoo surod by a quick cl nap the 

Q4opo scopo of the typo a13 ,o'n In Fir'. III Tho nicro ncopo ucod 

wa * capable of Doadinc upto a maximum of 5 no In stop n of O,O9nr 

Thicb could be further oestidatod upto O.0if5 ono with aoousac,y. 

To uco the turoocope the 0510 pioco was first focuccod co cc to 

obtain a carp long* of the oca,10 thou only the rrhoio .inotruraont 

wuo focuonod on rho tool.* thug oir stn any error duo to parcallou. 

The tool flank &rco van illuminetod by a G volt battery bulb by 

So cu netng t 3o Bahr on the tool tlanh face. Fig. ti(b) doe o the 

field of vie no coon tbrourh the oyo pioco. The oiora ccopo Sono 

cep onlargod0 troll tilt ,natod but invortod virtual inrngo of the 

tool f lonbb face. 

Fla* tic tbota o tho qu iofs clonp int atta+chmout u cod 

for 00ooa12'i.ng the flans ttoar. A epccial fluturo for holding the 

cicxa ocopo rasa node which could bo clonpod on o vortical po cs of 

o convonclOM bo` 1t• The vortical po ct bOina Ocr"owod on 'Cbo tzico 

p boto. The bar co photo is c p ry idod rich a V auoovo co that it 

could be plocod to po olt on on the lathe hod and can be ttGitOnOG. 

The doto#i6 of the of hor oupor nontcil condition cCploZtod cad the 
z o oul.t c ono a~lvoa in the pra000dima Choptor. The attached 

photograpts cov1wo viowsof the rot up for the onporlmontott n. 



aMc «R • 4 

E P812 '~'I~flRION AND 0 4TS 



14 

4. 1 s CL1T1ING OD14DI i IONS A D 0M. V AT1ONs 

Tooto vow vor?ovOd on tho throo G foront xro 

motorta1 o with H.S.S. tool o o po int od out oar or undoo 

difforopt auttinp c ad . S~ono,a tout o9W cottiDQ 'Am&4, ►l1tb 

rocpvvt to caoodo food and d V0b oI cut uo c iorrn n Toblo i, 

toils 	trorago cuttla(y 	Food 	D pOA o of out  
!lot oa a k 	ppoed 'V' 	 :' 	 4 

fl*) 	41.9 	0.09'0 	3.O o 2* 50 2,0 0 1.0 S3 

r13 	30,0 	0010 	a too 	 i0 
35*5 	0.2Q 	 9d 
30,0 	0.i2  
25.6 	0.15 	,ado ► 	 10 

C.I. 	tin.a 	0.i'9 	4.O,3.5o3.0o2.9 	19 

En 30 	 0000 	 0,10 	3.O.".0o S. V 	to 

For onch Coto tiro-pink, 	cutting cpood and igood coonotont3 

and vary log tho dop tb of out tool etor t n i outtinQ 'ovcoo joro too= 

0 Vdad. 1707 thin Obo auttin f poratIon hod to 'bra nt3orzuptod from 

taro to tiro at tho et&dtb of tbo flank rroor load inczroocod Sorg 

Ooab to 0.3 om in ¢ino. 

F8CI ce i2 to id (no b) Gnaw that with incr Q to in flare croon 

lend An tho on a fo rco FO and F 	ingroo co 1 inoazZV for a (liven 

dop tb Of auto Th i o #road an oo bo coon vo, r o b cot'vo d In OIL ao co o. 

4. a. D T. ' I14ATIOEN OV FL/4K PACE AND RA (E FACE FORCES AND T# 
COEFFICILT3^xS OF ! ICTION 

In ordor to onto Ciro Q21anL f000 and rake Coto fo 'oo o 

i'tt►m 

 

tho o bcorvod raluo a , f Fa and F~ noCthod of on nong tb 
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force i'b tioaoblL o to a O to dop tb of out evan uood Go po Lt* od out 

in 'ChaptoV o ni 	 +-CCakb 	C)Qvmcl 	ptc-.. ~ OJT Cl C 
Tho Uncap ro .c onthtp of t opera, oct~ no of the aut,~ ,ate c,-Ok•&g 

t'at • TbSt *as bo Omcured Ooatpav`cttcyoly VaVO1y but 1o'1r a ^ti3a' 

land ciLtorAn of O.3 nn its *dea 1"auad 0'C tit s#iU toZorabl0 

ranrjo. (acs urrb In, Table 2). LiovovoLo tho 31nocir rolat io nc ip 

woo obc0?Vod in oaco at [iLld Stool and So 30 but for gror C.1. 

a tooth auvssao joiDillrj tho s ist a aad ontonditz to aavb dopt s 

of out Srio ,loottode 

'flto oatuci1 cioth* d 	t a o S polo rdLna the p joo t no 

of tho *uttiun fa oiand voas 	land at varlou8 Lntorva3 of tirio 

and plotting tIOn ao Chown in 'igr.. &2 to to Rio b.)such Vo3,a+ ;oao 

'ioro obtc*fQd at four doptbc oil auto From the eo i rcph c #orao 

vaLuo 3 at VcW ou o boar Lands forr thono dopt s o* out roso plot tad 

o a on* th or Crcipb o o. choolaM 3u FAr#,&, 12 L 0 (go 4). Thoci 3o Lntaa 

tho co four po int o c'OcpoDdini to particular i o r It d tr 

a otroitbt 1MMo or a 	o(,b ourVOD Clocv'c+zaoa faro foroeri ccn now 

Do road co rrooporAding to tho $aoocOpts o tbu a aLvinjvcauov 

o f fl 0 and ,F' at Var uo ualucs of tho aroar land and tho 

coogttciont 09 f of 1► at to R&cacilL Coco thou con bo cala lattod 

dirooUr Usroo tho . 01409n+ ip.. 

0 0 
	

.u(i)  

ttc wwl rj Flo cad N" yard c*btructfina thv c voluoco for a part lamm'a ` 

aoor tend ea 4ddtb from tho (ori ccondtar vo.luoo of Fo and 

(3oU to lear'4fOoqfsa3. and vort#cot c*e,OnOnto of tho VO cultaptt forco 

U on to Voto foao 0o corn Aa F. 3. Z t tbcz Do 4on tod 
I- 
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CntCILs 3 Spood 067* 8 t /c 1n t'a a 0.0?U z rou.  

Dop''h of out 	 360 	 !l.g 	 2s0 	 9.0 

Av. c 1p thietsm000 4.20 0,33 0.30 4.33 0.20 0,30 0.2 0.31 
ooh!' analoo 	Soto 83.9 10. Q3 ISM 1 10.0 13.9 14.0 14.0 

Cutttnr food: 	33.0 	0/r*n'; 	Food 	0.10 =/rove 
T1 	0 Dept Off' out 

t#1 	oo 
30 `19.Si 9+0 1.6 

0.23 	0.20 0.29 	0.01J Otto 	0.31 0,20 	0. 32 
sboa ' nip'*o 00.0 	so.o 01.0 	1000 &0.0 	10.6 4000 	1000 

Cut laa 0904 	39.3 	nx /ts1u3 	.17004  
,j' . So o 	i U v. d a r 

FIo. AV* chtp 	l,+ ' S o oo 0.30 	0.30 
84 

 0.30 	0,33 0.2 	0. 
'bow 	',lo $0.0 	10.0 00so 	£Qao 02,0 	10.0 ".0.0 	89.0 

Cuttftne CV004 	30.0 	t'ood 	1* 0,, 109 	/rov.. 
T.~ 	fir 

8s. Ay. r *p tbtchoco 
".S arc 1.0 

0.30 	0.60 0.39 	0.37 0,30 	0. +G3 0.3V 	0.30 
OQL ' QuG%O 10.3 	110.5 *0.9 	lo.0 10. 	*0.00 10,0 	* ~.+ 

£:1,, ood 	cm 00# Q 	o / t Ar. I 	r'coa 	0010 zx/fit. 

to Avo cbl~ 	blehm000 0.48 o.4o o, O 	of do o.44 	0.+ a a,a0 	o„do 
-cbo+ v Ala, 	0I.00 40.84 01.90 *0.20 21.09 10.04 20.1 	*0.0 

Bra sa 	CU UGG cgroad , 	° 40.0 a/t 	u 	PooO 	0.10 	zfrov. 
. 	E~trp4 	o3~ out 	0rQ 	f 	fl.$ 	0.0 	Its 

10 A~acu o oc ô. o 	57Mo.00jo. 	0.01 	 . 1 	0,01 	0,41 	0. 
Cof3so 	10.3 	*4,0 J 10.0 	1.1.0 	10.0 	143.0 	*4.0 	84. 



dy 7a 	and ° 	Thom At 2a0 oac7 to coo 4hato 

v C FO £00 0t +17° Sinct 

acid 	U Q F° Co a 	ô 1o° Sin 4 

3owco. 	 " Sa 	+17. Co o 
!tea cP/N 

1 
	ge + ra ton 14 

17 	F'0 ton 4 

Ps D i'o ,ct fio nc a and 2 the ckotfic lox tc oS? 	icon can W 

a*gouzo. 

4.a. VARIATION OF COEPPIcIciTP OF i ICT$QU ON 1JEE l TM PL~3t PAC; S 
01 INCREA E OF E 1AxLl * 

o cb3 V4 	oo4unro for =100,001 trio *o atf ** Scn t c of frta+ 

Lion +covroe,anIc to a portiaitxar ioor 8oade Theo con Do ropeatod for. 
Vargou a VQxuo a of roar land tind DG &at a con bo P10t tod to "pater coat the 

VailotAori Of iho GoottIc tot 0 of f of oa Ath voor Ian . Ti too cc 

boo Don do= to coin in the Pt.. t o 0 (c,. It can Do c'osa thatD the 

coo ? o,ont of f11otto n on S2aaL Cato docvaa co s Tattb &u000c of the 

fPcnt3. iron' land rrbo?oaa the coaff ctCato o9 `r710 ton for ratio ?acre 

a000ltz a& ct con otont ittb the Claw: aac r load.Thto portsicuitar' '3rro 1 

woo obcorvod Vor t1flAd o3Ccl cod 80 30 stool and abco l An oar2 of 

C. I. nod aria tbot'ofb ro to tatc oo. Sttbo roams cos sovo rotors for 

thoCo 0o0CArte► 



CHAPTER . 8 

DI SCU SION... NCLW1oN AND 
FURThER APB 



DY?CU'S00:1 
Darioq Dotal ovot find tiro toot room on 'Cbo ratio and 

1?Botita taco' in psaot9co. 4bo boat on to ,o8 ant C000t'olZy 

0ontro11a tho !UQ'o of the onttsttn tool. Cloor on tho ?1aot3 4000 

fio ctaaood by t?rAction botvoøn tho 	sBy coc' iin3d 	rb placo 

carf000 and tho contact afros of the tool float:. ribo f1Qnix roan 

alone the eo art Cool fiotortaca do undo !mainly on the el td!nt3 

vOSOCttVe foods the 	otribut!on of ahoor at'orar> oVor tho 

roalOn ODd the hotr,oal proportAoo of tue or3 and tool oatorAo! o• 

'a'', o oupoSrim ntca atudlo o of fo rao c on tho c . io raaoo Paco 

a,c oa~°`rtod out at dtfforoi't dopths0f cut `4o 1c ttmt thoco "o 'coo 

da not dOporb on the 6optb of out 0a cto~rn Ai t Aac. 12 90 oe 

Booau oo of tho 1ndc oadonco of tho Sao roo o on tho Dpoaran+co facoo 

itch !fifth of out it 1a po crA'h8o to aco the zoothand of OUtramRat- 

in tho forco volgatloac 1p to a zero dopth of out rahtcb onoblod 

trio ocICUlotPoo of ozoff~lo$onta of frict!oa on the ratio and W 

flaotz foco. Put'tbov=ro oo pointod out by Zovo' ti's the l lnoaV 

tol tgoa hipo of the pt'ojoctton.a of tho cuot2.nv t?or000 to the 

dop0h of cut occurs at a c300tant cutting*; rctQoi 'which bar) o1c 

boon voaiftod for a roar Band ozratorlon of 0.0 am no warn nn 

loblo 

?bo ouporloontal obcorvnt ono Frith d .ffoa'ont doovooa of 

flanti doss Ood that an Iaeroac ,n tho trfldt of f!0n13 woov fond 

olt7t To !oado to a (*nofldo1abb0 iincconco An outtinrj Sostoo c. Conpavtinj 

tho naJaLtUdoo of oasaal and choar -GL'O arms oO the raho and 41anta 

Paco c: (Table 3) to o bcorvo that the avoroco =voca c'ro DO an 

the taco face to noori7f Ctaco the nc nttUdo of the ovoroc3o a v cal 

4ao , t at atroot on the flozh facoe vhot~aao the avoraco i$rl3oO4:on08 

otoo ore o ara aoorl r caoo.. 



E~C1L"C1~.~G~OS'O 

notso Coco 

1. S 
Plant 'aoO 

Dot o Coco 

	

  A .I7z 	~C3i3ff. 's 

	

ro,.30A c3 ?O 	O 

	

Q 	7 	o }'o C!_ ICJ/ 	171? O . 

C0ro I Dial 1 0.020 

	

3f.a o.MV 13.4 	0.3 	

23.0 1 3a.1 	I A. flip 

-Go.v 139.0 1 0.vs 
I. fi 	 tO 	.20 	0.0 	« 390

• 

flout Rnoo 	s 	 1%$.o 70.0 	O. [fig 
r~  ,~~y 

En :00 	 -C omo ' 0,2 	' 3.0 	• i 	f 

E &aC3t3 $QOU i 	, 	 t 	30.6  

140tu-iro a1? FrBc ost P Cori at tDc %ol 'E'1an! 

It ic; t~►ovn tZ c tho normal ctz?o t.t on 'tbo tool VOW 

10 not calf ra but Sacronior cr oranQac Uy 1roc onto at tbo and of 

MO 0001 cta2g c00tc ' loath ' to 0 ©~ nAoum at .tbo cu tinc oCI3o co 

u2OVD In F. ,. Thblo 	E21OU o ' bo MOOD vaiuA a cVfnortoccj tho actual 

vo~lao o 09 the r rmc l ctra o: aoa tho os~Otimt3 odco could be conoidorc► 

UV h2rb. Undea !flow c ndAtionco r0lahlnc Cvlot 3onal CQDt1Z2k 2c, 

llhol r lb oocuv.ouos c►. oorkaldorotao poruori o1? ttbo '6 ►o .ab2,p pctact 

Groat NI CD Cron tho valluo a o1? 0o ena Argot o cal and co omol o is o ac 

00 on Cho ?lcnb Saco fit c ono cot OlAdInj QVZc oral t*bnuflada onl4 c 

An cet z?nc 	, tbo cZ 	aQ 9VS1ot1on at tho too8 raLo f?ciao. Atco 

lot,O V vcRtao 0 o1? Cho cto Lna8 ctrc poo o on 0 a fit nt, Coco could be 

at tVlbutOd to tbo fact that tho road; aroa 01? ca  tact hotaooa Obo 
tool 1?lcmt2 wad t0 r1S (=vkGoO0 Sc 14rr. tban tbo appero34 3 'OA of 

capDtOvti GIVI3c L'2ro to c4Sdinc QvIctlacal Cobav onz. The lat,- 
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voluoc of p ° oro olres cone .etont iTh the o1idinj 	iot onaR 

tobpviour t tvoon tho too$ dorit Lrtorgoco no comparod to lorzor 

voluo o for too 4 chip intovfaco. 

Coo'fioiant of Priattton end Surfaco Tc:iporaturo 

Bowdon and Tboaa o ( ) cugge ctod 'that tho ovo rage caurtaoo 

tomporrcturo of two chiding tdioo is uppronimatoly proportional 
to ~'1f a Vwhore o P — Normal load on the riliding surfaoo. 

and U 	loZot ivo OO jdinrr voZo city, n binr I. for am:all er value c 

of pi'2 U I 

In natal cutting 'troth tho co iciont of frictio and 

the tool moor arc the funotiono of cutt Lntj tomporaturo 0 thoroforoo 

floa"h friction coefficient &° and Its poor rata would ho functiong 

of 	V j 0 	Ps to rbovo thct a definite r'oa1,#tionciip bOt'ttoon 

V N 	and js ' otL sat a. 
It booo bon further ruQCO ctod by Eorl o o and Kadh mn (J) that 

for a afivou oowtact area tho quantity P '~ U docidoo the nature 

of friction pvo co a. Fla. Ct 	toci o a plot bot%oon who toot roho 

friction COOC21aiont and the quantity VfJiT . From thoco two p$o sn 

it con Do conf hood that thO nature of friction pa0 00 oo at the 

too& f ants and pafso ?a000 oro difforont. Promn tho abovo ao can 

fuvthor ounaludo that tho rate  of tear at the tool flank and 

ratio face soul d bo funct !.o nc. of V FO and VgJ vo tpoct ivolij 

corlcWsw is 

to 	ina for000 oro dflvoctly proportional to tho Plant 73or. 

Lie CScovanao face fo rco c oro Lodoponaoat of the d©p tb o o f out 

but dopoi3d on the count of woos and there La a proport ona8 

VOlot on atp botwoon t O trio. 
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can fuatho rbo o tondo® t cud y the of foot o of flank Paco GG OC► 

raturo on the nature of taoar and iir pros moors rate o d to profiiot 

the toIaporaturo at which thm accelerated door arato rrtc. 
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