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Abstract- In the present study, an attempt has been made to 

investigate the effect of primary cutting parameters (cutting 

speed, feed and depth of cut) and tool overhang length on cutting 

forces and chatter starting point lengths in finish turning of EN8 

steel, EN24 steel, Mild steel and aluminum. Machining test cuts 

are conducted using sharp tool and the effect of cutting 

conditions and tool overhang length are also studied. Here 

experiments are conducted on four work piece materials at 

different cutting parameters and different overhang lengths. The 

chatter starting point is measured from the free edge of the work 

piece and graphs were plotted between overhang length verses 

cutting forces and chatter staring point lengths. 
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I. INTRODUCTION 

Many engineering components manufactured using casting, 

forming and other processes often require machining as their 

end operation. Machining or metal cutting is an important 

manufacturing process. With the modern trend of machine 

tool development, accuracy and reliability are becoming 

prominent features. To achieve higher accuracy and 

productivity, it requires consideration of dynamic instability 

of cutting process. When there is a relative motion present 

between the tool and work piece, the performance of the 

operations may not be satisfactory. The machine tool 

vibrations have detrimental effect on tool life which in turn 

lowers the productivity and increases cost of production.  

The dynamic loads during machining operations have 

periodic or impact characteristics. These loads are 

associated with the cutting process and movements of the 

machine tool members. While analyzing dynamic behavior 

of machine tools, rigidity and stability are two important 

characteristics to be considered. Rigidity refers to the 

steady-state vibrations, where as stability corresponds to 

transient response characteristics. A dynamically stable 

system has masses oscillating with decreasing amplitudes 

towards original state of equilibrium, while an unstable 

system oscillates with increasing amplitude deviating more 

and more from the original position of equilibrium. The 

most common phenomenon of dynamic instability in 

machine tools is through an interaction between the 

structure and cutting process, which is known as self-excited 

vibrations or chatter. Feedback in this closed-loop system is 

due to cutting force variations caused by machine structure 

deflections, which in turn alter cutting forces by changing 

tool position and velocity.  
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The machine structure and cutting process interaction is 

mainly due to two main principles: ‘wave regeneration’ and 

the ‘mode coupling’. In wave regeneration, unreformed chip 

thickness variations are caused by surface waviness left 

during previous revolutions, while in mode-coupling, it 

varies due to instantaneous tool vibrations, which take place 

at least in two directions. The instability caused by 

regeneration usually takes place earlier than by mode-

coupling in most of the machining processes. 

          In order to obtain chatter-free machining conditions, 

conservative cutting parameters are to be selected based on 

the stability limits. Machine tool operators often select these 

process parameters from the stability-lobe diagrams, which 

are conveniently obtained from the analytical cutting 

models. In most of the works it is resumed that the machine 

tool structure is simplified to a single degree of freedom 

system and dynamic equations are appropriately developed. 

Nevertheless, these focused on state of cutting with a rigid 

work-piece model using a stability criterion. In practice, 

accurate cutting dynamic models are needed to get the 

realistic representation of stability states. There are several 

parameters such as work piece deflection, nonlinear force-

feeding variations and many secondary features like tool-

overhang have marked influence on cutting dynamics. To 

predict stability state of cutting, output features like surface 

roughness, nature of chip as well as tool wear can also be 

employed effectively along with the cutting force data. 
 

II. INSTABILITY IN TURNING  

The process of cutting in turning exhibits complicated and 

interesting dynamics. During the cutting operation, several 

types of vibrations influence the chip flow-rate and final 

work surface. Compared to free and forced vibrations, self-

excited vibrations are more detrimental to the finished 

surfaces and cutting tools. Self-excited vibrations are 

developed at one of the natural modes of cutting system as a 

result of dynamic interaction between the structure and 

cutting process. This may result in large amplitudes of 

relative motion between the cutter and work-piece. Such a 

phenomenon also known as ‘chatter’ can in general result 

from one or more of the following: regenerative effects, 

mode coupling, loss-of-contact dynamics, and friction, 

structural and other sources of nonlinearities. Of all these, 

regenerative chatter has more influence on the stability of 

cutting. The regeneration is due to interaction of cutting 

force and work-piece surface undulations reduced by the 

preceding tool passes. It occurs when the cuts overlap and 

cut produced at a time t leaves small waves in the material 

that are regenerated during each subsequent pass of the tool.  
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If regenerative vibrations become large enough so that the 

tool does not be in contact with work-piece, another type of 

chatter known as multiple regenerative chatter occurs.  

Another chatter mechanism known as mode-coupling is 

produced by relative vibrations between the tool and work-

piece that occur simultaneously in two different directions in 

the plane of cut. Usually mode-coupling occurs without any 

interaction between the vibration of the system and 

undulated surface of work-piece. Here the tool traces out an 

elliptical path that varies the depth of cut in such a way as to 

strengthen the coupled modes of vibration. The amplitude of 

self-excited vibration increases until some nonlinearity in 

the machining process minimizes this. 
 

 

 
Fig: The turning operation in a chatter situation 

 

 

The cutting edge of the tool is orthogonal to the cutting 

velocity v. When there is no chatter, the cutting tool will 

remove chips from the work piece with a nominal chip 

thickness h0. The resulting surface profile for such a 

situation is flat and the required cutting forces have constant 

values. On the other hand, when the turning operation is 

excited by abrupt changes in the cutting forces such as those 

generated by a hard spot in the work piece or the phase shift 

between the modulations of successive tool cuts, then the 

machined surface profile is no longer flat. As shown in 

Figure, such a wavy profile has a depth of cut x(t) for time t. 

A similar wavy profile has also been cut at a preceding time 

instant (t−τ) under a depth of cut of x (t−τ) as shown. These 

are called respectively as inner and outer modulations. Thus 

the instantaneous chip thickness (depth of cut) in the current 

pass can be written as h(t)=h0+x(t)-x(t- τ). 

      In machining operations, the parametric data consisting 

of cutting forces, tool wear and surface roughness gives vital 

information relating to the state of cutting. So it is required 

to measure and employ these parameters for the stability 

analysis. 
 

III. EFFECTS OF SECONDARY PARAMETERS 

In the third case, another series of cutting experiments are carried 

out on a 1 hp center lathe available in workshop in order to record 

the static cutting force components, surface roughness of work-

piece, flank wear and critical chatter length at selected cutting 

states. Four different work materials are employed to study the 

effect of the selected variables. In each case the cutting conditions 

employed are depicted in Table. 

 

Operating parameters and their levels used in the experiments: 

 

IV. EXPERIMENTAL SETUP 

 
 

This figure shows the experimental set-up employed in the 

present work. The inward facing is performed from the 

collar end of the work piece. 

The cutting operation is limited to a short range since the 

structural stiffness rapidly increases as the tool advances 

inwards. The cutting speed (v),feed rate (f),depth of cut (d) 

and tool overhang length(l) are progressively changed to 

obtain the cutting forces (Feed force(Fx), Radial force(Fy) 

and Tangential force(Fz) as well as critical chatter lengths 

(lc).The tool overhang refers to the distance from the tool 

holder to the end of cutting edge. In the present case the tool 

overhang lengths are varied between 53 to 63 mm. 

Overhang lengths of the tool is measured using a milli- 

meter scale. An attached tool post strain gauge 

dynamometer platform is employed to measure the 

amplitudes of the three cutting forces. Here tool dynometer 

with strain gauge support (PE1-845122) is mounted on the 

lathe itself and this strain gauge capacity ranges from 0.1 

mV to 3V. Here force values are obtained in terms of 

voltage and the force in Newton is obtained by the available 

multiplication factors. Dynamometer is calibrated before 

applying loads on lathe. Calibration is done individually for 

horizontal and vertical forces with reference to proving ring 

and microvolt indicated on bridge balance unit are recorded 

with respect to definite known loading. A graph is plotted 

for load verses microvolt in calibration of horizontal and 

vertical forces separately after multiplying with a factor 

i.e.1kg equal to 23.4 and 20.3 µv along x and y direction 

respectively. As one of the output parameter, critical chatter 

length of work-piece is also measured from the origin of 

noisy cutting state. During the cutting under the same 

conditions of operation at some cutting lengths it is found 

that the magnitudes of cutting forces abruptly increase and 

these states are referred to as critical states in 

the present experiments.  
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In fact if a microphone is laid to measure the cutting noise 

signal, at this length it shows the peak value. The 

corresponding length is measured from the collar end. The 

required feed rate is chosen from the lathe preset values. 

Automatic feed arrangement is engaged in all the cases. The 

cutting speeds are calculated from the diameters of the 

work-piece and the set value of the spindle speed from 

available values.  

The flank wear on the tool face is measured before and after 

the experiments by using tool maker’s microscope available 

in the laboratory. Figure shows the photograph of the tool 

microscope used in the present work. 
 

 
 

Fig: Tool makers microscope employed (30x Magnification) 

 

It is a high precession versatile microscope as per the 

international standards and equipped with achromatic 

optical system to offer an erect image of natural orientation 

and free from distortion for most diversified jobs. The work 

is supported over a glass plate while a beam of light 

transmits the image of the tool face contour on to a line 

template within the ocular of the microscope. The work 

table may be rotated or moved transversally or 

longitudinally for making angular or linear measurements. 

The linear movements are controlled by micrometer 

adjustments. Oculars are supplied for threads and general 

contour inspection. The base of microscope rests on three 

supports two of which are adjustable for leveling the 

instrument. The base has an in-built electrical transformer 

and control panel and transmits illumination with a green 

filter. The microscope tube is guided by an arm so that its 

vertical movement can be adjusted by a rack and pinion 

system. A separate course focusing movement is provided in 

the microscope tube. The vertical travel or measurements up 

to 10mm thickness can be read by the depth dial gauge. 

Thickness is measured as a difference of two different 

focusing of the object. Least count of the gauge is 0.01. 

There is an eye piece protractor whose head has been 

graduated from 0 to 360 degrees with adjustable vernier 

reading. Two possible range of illuminating system are 

provided in the instrument. They are operated through 6 

volts solid state variable light control built-in transformer. 

Surface roughness of the workpieces is measured by using 

Mitutoyo Tally surf tester (Ra = 3.95μm) which is shown in 

the Figure 

 
 

Fig: Mitutoyo Tally Surf Tester 

 

While the sensor (driven by a driver) is making a linear 

uniform motion along the test surface, the contact stylus in 

perpendicular with the work surface moves up and down 

with the work surface. Its motion is converted into electric 

signals, which are amplified, filtered and transformed into 

digital signals through A/D convertor. The signals are then 

processed by the CPU into Ra values before being displayed 

on the screen. The tester has to be initially calibrated with 

test specimen provided by the manufacturer. Before starting 

the sensor, choose the desired parameter Ra and proper 

sampling length. The Stylus of the tester has to be moved by 

a standard length on the work specimen and a button is 

pressed to show the average roughness value on the screen. 

The roughness is likewise measured at three different 

positions on the surface. The average of three readings is 

noted as a final Ra value. In all experiments 50mm diameter 

work-pieces are employed and tool is HSS S-200. A flow 

chart of the experiments carried-out in the present case is 

shown in Table. 

Experimental Results carried out on EN8 Steel at 

different speeds (feed=0.1mm/rev) 
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Experimental Results carried out on EN24 Steel at 

different Speeds 

 

 

 

 

 

V. FLANK WEAR 

The flank wear is caused by the abrasive and adhesive 

actions between the cutting tool and the machined surface. It 

starts at the cutting tip and then widens as the contact area 

increases, thus forming the wear land. The width, shape and 

growth rate of the wear land depend on the tool material, 

workpiece material and cutting parameters. Variation of 

flank wear with speed is shown in Figure: 5 (a). It can be 

very clearly seen that the flank wear increases with speed. 

The effect of feed and depth of cut on flank wear can be 

seen from Figures:  (b) and (c) respectively. 

 
Fig: Variation of flank wear with cutting parameters 

 

VI. CRITIVAL CHATTER LENGTH 

The next output parameter considered is critical chatter 

length. There are different ways to record the chatter 

signatures (abnormal) during cutting. The critical chatter 

length is the work length from tailstock support at which the 

cutting force readings have a sudden increase. The variation 

in critical chatter length for work-pieces of EN8 steel, EN24 

steel, mild steel and aluminium as a function of cutting 

speed, feed rate and depth of cut are shown in Figure:  (a)-

(c). 

 
Fig: Variation of critical chatter length with cutting parameters 

 

 

VII. TOOL OVERHANGING LENGTH 

Figure (a)-(d) shows the variation of cutting forces against 

the different tool overhang lengths for four work piece 

materials. It is observed that radial cutting force sharply 

increases when tool overhanging length exceeds 59mm. It is 

also observed that, the cutting force increases along X, Y 

and Z directions with overhanging length. 

 
Fig: Variation of cutting forces with tool overhang length 

 

Large amount of positive radial force (Fy) is undesirable and 

it causes the work piece to deflect and there by surface 

finish deteriorates. As tool overhanging is increased, the 

maximum roughness height increases which means that the 

quality of surface deteriorates as shown in Figure (a) for 

EN24 steel.  
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Figures (b), (c) and (d) show the similar variation of surface 

roughness against the tool overhanging lengths for other 

three work piece materials. 

 
Fig: Variation of cutting forces with tool overhang length 

 

As seen from the Figures:  (a) - (d), with an increase in tool 

overhang, critical chatter length decreases for all the work 

materials. 

 
Fig: Variation of critical chatter length with tool overhang length 

 

VIII. VARIATION OF FLANK WEAR WITH 

TOOL OVERHANG LENGTH 

Figures:  (a) - (d) show the variation of flank wear versus tool 

overhang length at different cutting speeds. 

 

 

 
 

Fig: Variation of flank wear with tool overhang length 

 

Variation of cutting force components with flank wear is 

shown in Figures: (a) - (d). It is clearly seen that the cutting 

force components increase with flank wear. 

 
 

 
Fig: Variation of cutting force with flank wear 

 

The variation of critical chatter length with flank wear is 

represented graphically in the Figures: (a) - (d). It is 

observed that critical chatter length is decreases with 

increase in flank wear. 
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Fig:  Variations of flank wear with tool overhang length  

 

IX. CONCLUSION 

At low speed, cutting forces increases gradually with 

overhanging lengths and at high speeds initially forces 

increase slowly at low overhanging lengths and at high 

overhanging length forces increase very rapidly. The static 

forces generally increase with the subsequent increase in 

feed rate. This has been attributed to the fact that the area of 

cut subsequently increased per cycle of cut, hence more 

shearing had to be done which required more force. 

Increasing the DOC generally resulted in a proportional 

increase in the static cutting forces. The fresh (sharp) tool 

static cutting forces increased linearly when overhanging 

length increases, forces increase both in X , Y and Z 

Direction at low overhanging length forces increases  

slowly and at high over hanging length increases very 

rapidly. Above all parameters effects on critical chatter 

lengths i.e. by increasing above all parameters chatter 

lengths decreases. 
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