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ABSTRACT

It has been established by experimental

investigations that machinging of high tempera'

ture resistant steet and titanium alloys with

cemented carbide tools is accompanied with

inherent lnstability of chip formation' This type

of instabillty causes micro and macro chipping ol

the toot tip and @nsequently decreases tool life
to a great extent. tt has been also established

lhattool life can be groatly increased bv prelimi-

nary heating of the wotk uptg a certain optimum

temperatule, which varies with work and tool

materials and conditions of cut.

lntroduction:
With rhs advancement of science and techno-

logy the requirement for new materials and alloys

' with hlgh strength and hardness' wear, tgmper

ature and corrosion resistance is very much acute'

To keep pace with these requirements the material

science all over the world has brought to Iight

different new materials and alloys' which in

tutn have placed new problems before the techno'

logists. Severe problems ate laced in machining

these materials. For their machining and fabrica'

tion new tool materials and mote powerful ma'

chine tools are required' Their heat treatment

cycte is also very much complicated The present

work deals with the problems which arise in

machining this tYPe of materials'

It has been observed that machining of high

temperarature r€sislant steel and titanium alloys'

both of which are recently introduced groups of

alloys, is always accompanieo ^with 
lnstabiiity

of chip formation ( 1 ), (2), (31' lnstability of

su"f, typ" has definite cyclic nature' Frequency

of such cycles depends on the physio-mechanical

properties of the work and tool materials and

conditions of cut'

It has been established earlier ( 1 ) that

.frequency increases with thoss changes in the

*ui.ri.l properties or conditions of cut which

lead to the rise ol cutting tempelature and

ui"" u"ttu. lnvestigatlon of the different moments

of chip formation cycle in machining such mate-

riats show that each such cycle consists of two

piur"t-pfttte of compression and ph-t"-" of shear

atong a tnin section of chip ( 1 )' ( 2 )' Tttese

works have established the thermal natute of

g*"r",ion of such instability' lt was further

l",uo'irn"a , 1 ) that instability is the primary

-^"*ffii.iIp,oau..ionEng.neerlng,BiU.E.T.,Dhaka,Bangladesh.
,r professor, Department-of Technologylof 

"*n'""i'i6''-'' 
U"jt"t*Ololytechnic lnstituGe' Volgograd' USSR'

52
Mech Engg, Res. Bull' Vol" 9' (1986)



cause ot "Chaiter", which atises when the frequ-

ency of the instability of chip formation is close

to the frequencies of natural vibration of individual

parts of the Mactrine- Tool'Fixture-Work (MTFW)

system. During machining catbon steel Chatter

can bo avoided by proper choice of the rigidity
of the.MTFW system and cutting conditions.

But instability of chip formation, which arises

in machining alloys of the titanium or high

temperature resistant steel, can not bs avoided

by such measures.

Since the instability of chip formation is
caused by factors which have thermal dependence,

as mentioned above, the authors of the present

work anticipated lhat lt can be either fully
or partially removed if the work is preheated

up to a certain temperature. The plesent work

was pedormed in order to investigate the actual

influence cf work malerial on instability of chip

formatlon and tool wear.

Experimental Setup and Procedure :

The experiments were carried out in the

laboratory of Prirrciples ol Metal Cutting of
Volgograd Polytechnic lnstitutute 1 USSR )
Experiments were mainly pelformed on lathe

machine-model ( ussR ) 1M63 with infinitely
variable spindle speed. For tecotding vibration

of cutting force and tempelatule dynamometer

model (USSR) 600 and oscillograph model H-l15
were used. For frozen chip the "Dropping Tool",
method was used. Micro-photographs were taken

on metal lographic microscope. During the experi-

ments rigidity of the MTFW system was kept

at a constant level. As work meterial, titanium

alloy grade ( USSR) Bf3'1 and high tcmperature

resistant steel grade (USSR) 3N-481 were used

Machining was performod with cemented carbide

tool grade ( USSR ) BK-8 with' the following
tool geometry : lake angle, t =Oo, side clearence

angle, .( = 10", principal cutting edge angle,

P = 45o, auxiliary cutting edge angle P -25o.
Machining conditions were as follows : depth

of cut, t:2 mm, feed, S: O.467'mm/rev.,

cutting spoed, V = O.33 m/sec in machining BT
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3-1 and V = 0.83 m/sec in machining 3N'481.
Experiments were performed both 8t room temper-
ature and with preheating of the wotk upto
different temperatures at an intetval of 100'C.
For preheating the work an olectric furnance

model ( USSR ) CH3-OXI2X4/10M1 was used.
To compensate for the heat loss duting positlon-

ing and clamping the job on the machine and

in perlorming tho expetiments the tEmperature

of . the furnance was maintained at a tempelature

100'C higher than the experimentai temperature.

Moreover an additional carriage was mounted on

the cross slide from the rear side of thd lathe

machine for holding the auxiliary cutting tool,

which was used for removing the comparatively

cooler outer layer of the work. A hole was

drilled inside the work piece for placing the

therrno-couple for measuring the temperatura

of the cutting layer. Scematically theso arrange-

ments are shown in Fig. 3. Micro-photographs

of the frozen chip and rake and flank surfaces

of the tool after delinite periods of machining

,r= 360 sec for BT 3-1 and t = 420 sec lol
3N481 ) wera taken for loom temperature and

for optimum tempelatures ( Fig. 1,2,8 and 9 )'
Tooi wear was maasured at delinite intervals

within this period and wear versus time curves

wete drawn lor roorn and different preheating

temperatures i Fig.4,5 ). From the oscillograma

of the cutting tempetature ( in terms of EMF ),
0 and components of cutting force Pz, Py, and

P curves cf these vibrating perarneters versus
x

preheating temperature were drawn for the given

work materials ( Fig' 6,7). Values of the coeffi'

cients of chip shrinkage, K anJ total chip-tool

contact length, C vuere measured'at loom "and

differerent preheating temperatures and curves, K

and C versus 0p were drawn ( Fig. 10 )'

Besults and Discussion :

Results of the present experimental inves-

ligations reaffirmed that the chip formalion!

process is unstable ln machining these alloys

(Fig. 1a, 2a ). Unitorm type ol tool wear which

is obsrved in machining carbon steel is com'
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pletely absent "in this,"e"". W".., 1i".,, brittle ' ' At the optimum'temperature maximyrn value of

nature, which isdue to micro and rnacro chipping the normal componentof cuttingforoe' P' aeting

of the tool ( pig. lb, lc and 2b,2e )- From Fig' 
on unit area of the toot tip in inachining BT 3-1

6 and 7 it is obsorved that the cutting tempet- ;;;';;; Gitr"' .nO in machining 3N'481

arure and 
"q*ponrniJ 

of,,cutting force vibratl *it'du'oolrri trtg.6,7,10). so the minimum

with high amplitudes at room temperature,. but J"iu"-ot tJol w.u, at the optimum terhperature

ths total chip'tool contact length is comparative.ly ;;;;";tialned bv the fact that the cutting

low (Fig. 10 ). Calculations show th.at 'h: ;;,";and especiallv its dynamic component per

maximum normal lotcs, Pz acting on the .tool ffffi is reduced to a great extent as::1i::::
tip per unit,area in 

-rnacnining 
titanium allfv, 

",rri 
r"*nt"ing without preheating 3 14 times tn

BT3-1 is as hish "tszs 
kg/mm2and machin' ;;';;of grs-t and2'42times in the caseof

ing high t€rnperature resistant steel 3N.481 ifr, +ttf . Preheating above the optimum t"tP"t-

160 kg/mmz.(Fig.6, 7,10), where as in machining 
"i"t"l""or 

to intensive wear of the tool due to

medium carbon *t""t tt'ti' value is only .90 ;;;;;"t'ion of diffusion tvpe of wear at the

kglmmz (1)., Amptirude of vibration of cutting ;;;;; temperature (Fis a, 5)' lt is also to be

force is also very high in machining the investi-- ;;;;"t at the optimum temperature the values

satedmateriur. CriJ' o'zj' p""'icallv. "o 
t::l ;;;; ;r, C and K aremaximum'Thispheno'

instability is encountered in this cutting tango 
,.^,., n" successfully employed in finding

rn:machinins carbon sreer 11). il:""jr:,ilff 
-il".-"'r'J*y 

;T:::ff" :ili}:
Preheating ol both the work materials upto t"'"'iui" r"nd atso perhaps for other materials)

certain temperature leads to the decrease of tool ;'-il performing tests on tool wear' lt would

wear and amplitude of vibration of cutting force l":""*"iit froi '-"ut" 
of K vetsus 0o lor this

and temperature but preheating above that temo' 
].

eraturs results in 
"ontinuous 

rise in tool wear' purpose'

iiit p.tti"ular temperature is known as optimum Gonclusioris :

temperature of greheating, oopp. Values ot UoOO The intbnslve and brittle Wpe of wear ol ce-

for BT 3-1 is approximatery 500oc and for 3N mented ""roio" 
toor in machining titanium alloys

4g1 approximatery 
.300.c (Fig. 4, 5). At this ."0 t ini t"*p"rature resisrant steer is due to the

temperature chip formation process is more or nigh vltue of normal componentof cutting force' "

ress stabre 1Fig. 
ga, ga), and consequentry the acting;*n unit area of toor and its dynamic nature'

amplitudes of uii"tion of cutting force and Preheating of work upto the optimum temper-'" '

temperature are brought to a minimum level lFig' 
"'"'"o""*Jty 

stauitizes t'he process ol chip '

6.7).ltisobservtJf'o*Fig'6andTthat'the;;;t;;"andthelengthofchip'toolcontact''is'"
horlzontal components of cstting force, Px, Py, s*"tr;l;it;J' This leads to considetable dec'

are maxiniurr at this temperature for both the '"u*" 
tilto*l: ""*::":nt 

of cutting force"Fel''''

materials. This is due to'the increase in trictional unit area which results in low and uniform to"ol

lorce as a result of the increase in chip'tool wear' :r 'l

contact .length, C to its maximum value at o^pp Optimum O:"n*:t:Y.-lemperature can be' de'

(Fig.10).Attheoptimumtempelaturethemetaltetminedonlybymeasuringthevaluesofchip
becomesmoreductilewhichleadstothedecteaseshrinkage,Katvariouspreheatingtemlerature,Sr
of shear angte. This in turn is responsible for Value oi K it'maximum at optimum preheating

maximun uu u" oi"nip shrinkage' K (Fig' 1O)' temperature
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(c)

Fig. 1. Micro-photographs of frozen

surlaces of tool in machining
chip (a), rake (b) and f lank

BT 3-1 without preheatlng.
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(a)

(b)

(c)

Fig.2.Micro-photographsoffrozenchip(a)'rakeib)andftank(c)
sutfaces ol too] in machlning 3N'481 without prehcating'
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t=l-1'5 mnr

thermocouple
Schematic diagram of the cutting arrangement with preating of work.Fig. g.
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(a)

(c)

Micro-pttotographs of ftozen chip (a), rake 1b) and flank 1c)

surfacesoftoolinmachiningBT3_lwihpreheatingupto500.c.
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(a)

1;d,::
t'-#.
'F-r

(b)

(c)

Fig. 9. Micro.photographs of fiozen chip ,a , (zKe 1b and liank 1c)

surfaces of tool in ntachining 3N.481 nith preheatirLg upio 340"C.
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