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investigation of the Influence of chatter on Tool wear
f,urul Amin A.K.M.*
Talantov"N.V.+

Experimental investigations have been carried
out to determine the influence of chatter on cam-
81tsd carbide tool wear in turning medium carbon
sleel. Conditions of stabte cutting and those
conducive to lntensive chatter in the investigated
tange of cutting speed and other cutting condit-
ions were established. Tool wear test performed
under these two different conditons have facilit_
ated to establish the rypical nature of tool wear
during chatter. Chatter leads to intensive wear of
the flank surface due to edditional rubbing of the
same along the wavy cutting surface, formecl
during chatter, Besides chatter leads to lowering
down of the values of chip-tool contact lengths
due to a lower vatue of the coelficient of chip
shrinkaga. Gonsequently tool wear along the
r.ake surface is less during chatter.

ilTTRODUCT|OIt :

Chatter is a type of vibration of machilre tooi
element with extremely high amplitucle -that

appears during melal cutting process. lt is unde-
sirable because of many adverse consequences

I which it leads ro. Chatter is responsible for

high noise level, lower life of machinine
tool elements, lower machining accuracy
and surface f inish and higher rate of tool wear.
As regards the cause of chatter formation there
are many theories proposed. ln the opinion of
one of the leading groups of scientists chatter is
caused due to mutual Interaction of di{ferent vibr-
ations with natural frequencies of the various

elements of the Machie-Tool-Fixture-Work (MTFW)
system (1). Another group is of the opinion that
chatter is the result of resonance caused when
tho natural frequency of any element of machins
coincides with or is close to the frequency of
instability of chip formation (2,3, 4, 5\. lt has

been eetablished by the later group that therc are

mainly two ranges of cuttlng speed where chatter

may appear. The first range refer to a relatively

lower cutting speed, where the spindle-work sye"

.tem loses stability and enters into tesonance. The

seeond range is olfset with respect to the f irst

towards higher cutting speed. ln this rango the

tool bit holder,.enterslinto resonance. Amptituda
of vibration ln these two ranges is high and is a
function of the rigidity and damping characteri$t'

ics of the closed dynamic MTFW system and
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cuttlng paramsters. Depending on thom amp' medium carbon steel (with 0'45% C; and cemen-

lltude may be either so high thal metal cutting ted carbide tip BK'8 (with 8% co and 92%wc)

ptocess is bound to Oe lnf"rrupted or it may be were used respectively' Feed (s) and depth of

so row that there is no significant infruence of it cut (t) wers resp€ctivery 0 467 mm/rev. and 2mm'

on metal cutting procets. Frequency ol chatter Tool geometry was as follows : rgBq a4g1e' ?=9o'

in cach of the abovo mentioned range remains side and end clear6ncb angles * and' 'ot1=10o'

practically constant during resonanco. inclination angle' l-0o side and end cutting edge

chatter resulting from resonance ol the epin- angles' 9=450 and Q1=25o respectively' Two

dle.worksystemandthatofthatoolbitholdercuttingspeedsfortheinvestigationsweteso
ir harmlul for the operator6, machine and its selected that for the given MTFW system and

accessories as wellas the toot, There ls no doubt condittons of cut the first speed was well inside

that chatter adversely affects tool llfe but the the first range and the second speed well inside

exact inature of its influence on the charactetis' the second range of cutting speed' where intens-

tics of rnefal curtlng proeess and mechanism and-- tive chatter is encountered' rne 
3-ut!n,o-soe,ods

magnituue of tool wear is still notvsry cleai.'- wdle as follows : lhe lirst spced, V1=0'67 m/sec

The present investigations wsre carried out in and the second speed, vz=1'67 m/sec' Twodi'

this particutar directlon. ffetent tool holders, T1 grd T2 Wero use.dt Their

frequency characteristics are shown in Fig' 1' Ae

EpERtMEilTAL SETUP AIUD PROCEOURE shown in the figure, use of the tool holder T1 is

, Experimcnto yygre carried out on lathe machlns conduclve to the formation of low frequency,

modsl (ussR) 1M63. As work and tool materials chattel ( horlzontal line of the cottesponding
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Toot b;t , l
Toot bit, ?

curve in the range from 0.5 to 0 85 m/sec), with
8 constant frequency of approximately 200 H",

wh€reas, the second tool holder T2 does not
give any significant chatter in this range (small

€xtent of the horizontal portion in this range).

On thc other hand tool holder T2 is very sensitive

to high frequency chattet with a frequency of

approximately 1300 H, in the range from 1.0 to
2.0 misec and above. ln this range .,f cutting
speed the other tool holder; T, is quite stable.

Two series of experiments were carried
out : one in the presenco of inteneive chatter
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Flg. 2 lnfluence of chattor on tool llank wear. Cutting speed V=0 67 m/see.

(using tool holder T1 for Vt and T2 for Vr) and

ths other durlng stable cutting conditions
(using tool holder holder T2 for V1 and T1 for
Vz). ln both the caseslil tool flank wear was
mesured at def inite intervals using inslru-
mental microscope Tool flank weal versus cutting
time curves were plotted as shown in FiS'
(2, 5). At the same time the tool side flank and

rake suraces were photographed (Fig. 3, 6). On

the basis of the recorded profilographs diagrams
ol the tool wedge at variouo moments of cut
are drawn for both stable and unstabl6 cutting
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Fig, 3 Photograph of the flank surface of tool : a ) alter cutting without chatter b ) after

cutting with chatter. V=0.67 mlsec, =1800 sec

Ct = 0'82'm m (t = 600 sec i
Ct=066mm(t sec )

C1 = 0.60 mm (t = 1500 sec iCt = 073 m m {t = '}500 sec }

T. 600 sec \ Rske surfoce
Toot bit -13,

1.600 sec J

Tool bit '2

Ftonk
t ' 1500 see'

Toot bit- 2
sur foce

F lonk
sur f oce

ol In the presence of
chqttcr bi tn the obsence of chotter

Fig. 4 Profile of the side flank surface ol the tool at various moments of metal cutting
with and without chatter.
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;:::itions(Figs4,7;'PlasticcontactlengthCtClandK:E(V)a;edrawnasshowninFigs'8'9'
r-3 ccefficient of chip shrinkage, K, were mea. With the h;lp of the recorded phofilograps ol

s;:El using instrumental microscope and curves cutting surface tlajectory of the tool at various

FiS. 6 photograph of the flank of tool : a) after cutiinE without chatter b)

cutting rr,lith chatter. V='l'67 m sec, i'00 sec'
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Fig. g Dependence of chip-tool plastic conlact
length C1 and total length, C on cutting speed
V at different inten.itios of chatter.
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Fis. 9 Dependence of coefficient of chip
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i g. 10 Relative location of the tool and
runlr i cult:ng surface at various moments of cut
l*l"|rg intensive chatter. Cutting speed, V=1.67

intensive chatter were made. Toc'l flank wear

consists of normal wear, h1 and additional wear,

h2. \A/ear, h1 resembles tool wear in the absence

of chatter. Whereas additional wear, h2 is tvpical
in nature. The worn Portion here is almost par-

allel to the tool flank surface (Fig a, 7)' lt
was also observed that wear h1 is less than nor-

mal flank wear, h in the absence of chatter,

but the totat wear, ( h1+h2), is 3 to 4 times

greater than normal wear, h (Fig. 2, 3, 5, 6).

Wear along the rake surface of the tool during

chatter has the following special features : Plastic

contact length, C1 in this case is lower i'e. the

crater on ths rake surface is closer to the tool

lose as conrpared with that during stab!e cutting
conditions tFig.8). But tne depth of crater on

the rake surface is less in this case (Figs. 4, 7).

The cause ol additional woar, h2 may be expla-

ined as follows : As it may be observed from

Fig, 10, the lool slides over the waviness of
the cutting sutface during machining operation. ln

the portion l, of any wave the tool flank surface

is in maximum contact with the cutting sutface

but in the portion lr the tool flank has relatively
smaller contact length. So ttie wear, h2 is the

result of external friction between the tool flank

surface and cutting plane in the range lr. Sma-

ller value of h, compared to h is due to smaller

contact length in the portion It of the wave than

that in the absence of chatter. Lower lntensity

of wear along the rake eurface during chatter may

be explained as follows : During chatter the

coeff icient of chip shrinkage, K land consequently

the average cutting load) is lower than that dur-

ing stable cuttiug (Flg, 9,). This leads to lower

length of the crater (Fig. 1l). Depth of crater

is lower due to lower average cutting temperature

during chatter (1) and consequently lower tate
of dilfusion type wear.

During investigations of tool wear at V=1.67

m/sec a strange phenomenon was observed. As

shown in Fig. 5, the termination ol the curves h,

h1, h2:e ig with vertical or inclined lines end-

ing in arrows indicates fracture of the tool tip. As
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Fis. tt Profrle of the tool face after metal cutting
with lntensive chatter, a) and without chatter,

b). Cutting speed, V=l.67 m/sec, Cutting time
r-450 sec.

moments of cut with respect to the wlvy cutllng
surface is drawn as shown in Fig. 10. Phof ilo-
grams of the rake surface of tool after delinite

amout of of metal removal in the presence and

in the absence of chatter are shown in Fig. 11.

EXPERIMENTAL RESULTS AND
DlscusstoN

From Fig. 2-11, the following observations

regar,Jing the special nature of toot wear during
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ii may be observed from the given figure that tool
wedge fratures at the given cuttlrrg speed (V=1.67
m/sec.) after relatively longer periods of cut lor
all the investlgated tool bits during chatter than
during stable cutting, which was not all expected.
The cause of overall life until fracture of tool in
machining construction steel may be explained
as follows. During stable cutting at the given
speed, feed and ctepth of cut the cutting temper-
aturo and cutting load are such that the tool lip
plastically deforms downwards and the tool ma-
terial flows towards the flank surface resulting
in its bulging shape (Fig. 71. After a deflnite
period of cut when the plastic defcrmation exce-
eds the fracture limit the tool wedge undergoes
brittle fiacture. The case is quite different during
chatter, when the average cutting temperature
and cutting load are lower as compared to stable
cutting. Moreover, during chatter the tool is
supported by the waviness of the cutting surface
and conseqently the fracture limit of the tool tip
is reached later as compared to stoble cutting.

CONCLUSION:

From tha above results fallowing conclusion
may be drawn g

Tool flank wear during intensive chatter cons-
ists of normal wear, h1 and additionai weal, h2

and tha magnitude of total wear is 3 to 4 times
higher than that during stable cutting. Additional
wear, h2 is due to rubbing of the tool llank sur-
face over the wavy cutting surface of the job.

Total chip - tool contact length, C is lower
and depth of the crater on the tool face is less
during chatter than in stable cutting. These are
respectively due to lower coeflicient of chip-shr-
lnkage,.,K and lower value of average cutting

tomperature duling metal cutting with chattel ae
compared to that without the same.

At high cutting speed the tool bit fraotures
after a longer period of cut accompanied with
chatter as compared to that of stable cuttingl
This is dus to tha lower average eutting load and
cutting tempersture and support furnlshed by the
wavy cutting surface to the tool tip during
chatter.
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