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Abstract 

It is known that surface characteristics play an important role in the 
durability and function of any mechanical components. Roundness is a 
very important surface characteristic that can affect on the performance 
and behavior of machined parts. 

This paper introduces theoretical and experimental investigations on the 
effect of some turning parameters on roundness error of turned specimens. 
For the study, the turning parameters such as cutting speed, feed and depth 
of cut were chosen. Mild steel specimens are used for the experimental 
investigations. The output parameters for two different types of chucking 
(3-jaw chucking and 4-jaw chucking) are also observed and analyzed. The 
relationship between the input parameters and the output parameters is 
presented in this paper. 

The results of the investigation clearly indicate that, feed, depth of cut, 
and cutting speed are interrelated and have significant effects on 
roundness error, but feed rate and depth of cut have the most significant 
effects. Also the results indicate that the chucking method along with 
machining conditions considerably influences the roundness error of the 
machined workpiece as a 4-jaw chuck gives better results of roundness 
than a 3-jaws chuck. Also machining near the tailstock gives better 
roundness than the headstock irrespective of the chucking system used. 
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1. Introduction 

The dimensional accuracy and surface quality of a machined part are of primary 
importance in the turning process [4, 9]. The roundness error of machined parts 
plays a very important role in their performance characteristics because it has 
negative effects on accuracy and other important factors such as the filling machine 
elements and wear in rotating elements. The roundness error seriously determines 
the quality of performance for any rotating machine element (vibration, noise, 
temperature, torque moment, and its life time). 

Several factors, when machining parts, can cause out-of roundness. Among 
them are clamping distortions. It is also known that the dimensional accuracy and 
surface quality are directly affected by dynamic displacement (vibration), which 
arises during the cutting process [1]. 

For a given workpiece material, the nature of surface region characteristic that is 
produced by turning, depends on cutting speed, feed rate, depth of cut, tool 
geometry, and whether a lubricant is present or not. In addition, the tool overhung 
length directly affects the dynamics of the turning process (vibration). The objective 
of most of the research work in this field is to obtain a group of optimal process 
parameters for: minimizing surface roughness values and maximizing the 
productivity, maximizing tool life and material removal rate, and minimizing 
machining induced stresses on the surface [6]. In a study [7], the optimum cutting 
speed has been determined when turning an AISI 304 austenitic stainless steel using 
cemented carbide cutting tools. In this study, the influence of cutting speed on tool 
wear and surface roughness was investigated and it concluded that surface roughness 
(Ra) decreases with increasing cutting speed [7]. Another article [2] developed an 
artificial neural network (ANN) model for the analysis and prediction of the 
relationship between the cutting and process parameters during high-speed turning. 
The model can be used for the analysis and prediction of the complex relationship 
between cutting conditions and the process parameters in metal-cutting operations 
and for the optimization of the cutting process for efficient and economic production 
[2]. To obtain good surface characteristics the roundness error generated during the 
cutting process was monitored and diagnosed by using a system equipped with a 
designed DSP (Digital Signal Processor) board and FFT (Fast Fourier Transform) 
algorithm [5]. This system could estimate the cutting force and predict other cutting 
characteristics such as chattering and tool wear. 
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The main objective of the present research is to study the effect of some 
important turning parameters on machined out-of-roundness and to build a database 
for predicting surface roundness by selecting suitable cutting parameters for mild 
steel materials. The study introduces a theoretical analysis that investigates the 
roundness errors causes on the turned specimens’ surfaces. A set of experiments was 
conducted to study the effect of the turning process setup and conditions on the 
resultant roundness error. The study is carried out using two different workpiece 
supports which are 3-jaw chuck supports and 4-jaw chuck supports. The effects of 
three turning parameters, namely, cutting speed, feed, and depth of cut were also 
investigated. 

2. Analysis of Tool Workpiece Motion during Cutting 

Rotation of the workpiece about the axis of rotation is fundamental to the 
operation of the majority of machine tools. For a real axis of rotation the term error 
motion refers to the relative displacement between the tool and workpiece. The final 
accuracy of a workpiece is influenced by many different factors. Most important 
among them are those related to the machine tools used. The accuracy of machine 
tool used can be attributed to several factors: (a) geometric and kinematic errors of 
the machine, (b) spindle errors, (c) thermal effects, (d) static and dynamic loading, 
(e) workpiece (stiffness, weight, clamping, and material stability). 

To study the causes of roundness error, consider now the simple analysis for the 
whirling of a shaft [12]. The workpiece can be considered as a shaft supported by 
two bearings and carrying a rotor or disc of mass m at the middle, as shown in 
Figure 1. We shall assume that the rotor is subjected to a steady-state excitation due 
to mass unbalance. 

The different forces acting on the rotating workpiece, such as the inertia force 
due to the acceleration of the mass center, the spring force that is due to the elasticity 
of the workpiece, and the internal damping force that is due to the internal friction of 
the workpiece material should be considered. There is also an external force that 
causes energy losses in the chuck support. This force is ignored by assuming that the 
workpiece clamping inside the chuck is enough to retard the workpiece from moving 
axially inside the chuck. 
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Figure 1. Shift of workpiece center [12]. 

Let O denote the equilibrium position of the shaft when balanced perfectly. Let 
the workpiece rotate with an angular velocity .ω  A fixed coordinate system x and y 
fixed with O as the origin is used for deriving the equations of motion. The points P 
and Q denote the geometric center and mass center of the disc, respectively. The 
equation of motion of the system (mass m) in scalar form can be written as follows: 

,cos2 temyckxxcxm ii ωω=ω+++   (1) 

,cos2 temxckyycym ii ωω=ω+++  (2) 

where 

k is the stiffness of the shaft, 

iC  is the external damping coefficient, 

e is the eccentricity. 

With x and y representing the coordinates of the geometric center. 

These equations indicate that, the lateral vibration of the workpiece is coupled 
with and dependent on the eccentricity e, which in turn is dependent on the amount 
workpiece of deflection. The amount of eccentricity is also varied along the 
workpiece length according to the distance from the tailstock and/or the head stock. 

The above discussion describes a pure whirling, which occurs only if the 
workpiece is rotated without being cut (no tool-workpiece contact). In a turning 
operation, the workpiece is rotated while the cutting tool is brought into contact 
exerting the normal direction by the normal cutting force yP  as shown in Figure 2. 
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Figure 2. Deflection of workpiece due to the applied forces. 

This normal force is dependent on the cutting conditions and it will affect the 
amount of workpiece deflection. In this situation two possibilities can be occurred. 
First if the cutting tool is not rigid enough, pure whirling of the workpiece will occur 
causing the tool to move in the normal direction. In this case, the increase of feed 
rate and depth of cut will increase the amplitudes of vibration in the normal 
direction. In the second case, if the tool is rigid enough, then the whirled workpiece 
is not able to push the tool in the normal direction. Then the workpiece will rotate 
with the deflection shown in Figure 2. Due to the workpiece elasticity, its layers will 
be subjected to tension and compression causing an increase in the vibration 
amplitudes in the axial direction. These amplitudes will also be a function of cutting 
forces and the tool position relative to the workpiece length. 

To study the effect of the chucking method and cutting conditions on the 
workpiece roundness error, refer to Figure 3 which shows the clamping of 
workpiece by 3-jaws chuck and 4-jaws chuck. The angle between jaws and the arc 
length in between is smaller for 4-jaws chuck than that of 3-jaws chuck. Then the 
rotation of workpiece with the supported jaws opposite to the cutting tool will 
produce a number of lobes on the workpiece surface. The number of lobes and their 
heights are dependent on the number of spaces between jaws and the arc length 
between two jaws. Usually a 3-jaws chuck produces three lobes while a 4-jaws 
chuck produces four lobes. The heights of these lobes determine the value of 
roundness error on the machined workpiece surface. Previous investigations reported 
that, increasing the number of lobes reduces the roundness error [8]. Therefore, it is 
expected that for the tool position near the tailstock the roundness error may be less 
than that near the headstock. This is due to the fact that, the tailstock guided the 
workpiece in all of its circumference, so the effect of number of jaws on roundness 
error is reduced [3]. Now consider the equations representing the dynamic cutting 
force when the workpiece vibrates and is cut orthogonally [10]. 
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Figure 3. Workpiece support by a 3-jaws chuck and a 4-jaws chuck. 

 

Figure 4. Coordinates system of workpiece during vibration [10]. 

The workpiece position during vibration is shown in Figure 4. Point 0′  is the 
workpiece center before cutting. Point 0 is the workpiece center during steady state 
cutting; it is sx  apart from 0′  in the horizontal direction and sy  in the vertical 

direction. Point 0′  from 0 are x and y in both horizontal and vertical directions. The 
values sx  and sy  are dependent on the cutting depth. If the steady state cutting 

depth is ,sd  then the cutting depth during vibration is as follows: 

 ( ),txdd s −=  (3) 

where 

sd  is the steady state cutting depth, 

d is the cutting depth during vibration,  

( )tx  is the distance of point 0' from 0 in horizontal direction. 
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The cutting force is proportional to the cutting depth and feed rate. In an ideal 
situation, depicted in Figure 5(a), the tool nose is positioned leveled with the 
horizontal work axis, and thus clockwise turning of the workpiece will produce a 
perfect circular cross section. 

 
                              (a)                                                  (b) 

Figure 5. Effect of tool and workpiece vibration [11]. 

The variation of the value ( )tx  will cause the radial cutting force rF  applied by 

the tool to vary periodically and cause the workpiece to vibrate in a lateral direction. 
At the same time the force vF  bends the tool tip down and causes a counterclockwise 

moment leading to torsional vibrations. These effects are shown in Figure 5(b) [11]. 

 
    (a)                                                                      (b) 

Figure 6. Effect of vibration on workpiece roundness [11]. 

Then a combined lateral and torsional vibration produces a movement of the 
tool along Line AA, as shown Figure 6(a), with respect to the work longitudinal 
axis. A curved surface is produced as a result of the workpiece movement in the 
counterclockwise direction and to the axial tool movement. The entire cross section 
can be imagined as a stack of eccentric disks as shown in Figure 6(b) [11]. 
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The above discussion concludes that, during turning the vibration of tool-
workpiece and the roundness error produced on the workpiece surface are dependent 
on the number of the chuck’s jaws that clamped the workpiece. They are dependent 
also on the amount of workpiece deflection occurring under the action of the cutting 
forces which are dependent on the cutting conditions. This gives the result that, the 
chucking method and the cutting conditions are affecting both the dynamics of the 
turning operation and resulting in workpiece roundness error. 

3. Experimental Work 

In this investigation, mild steel was used as the work material. The chemical 
composition and mechanical properties of the material are as shown in Table 1. 

The work material was received in the form of bars and then machined into 
specimens with the dimensions shown in Figure 7. The machined surface out of 
roundness of each workpiece was measured at zones A (near headstock), and B (near 
tailstock) in the case of both 3-jaws chuck and 4-jaws chuck. 

Table 1. Chemical composition and mechanical properties of specimens material 

%C %S %Mn %P %S ( )2cmNUσ ( )2cmNYσ B.H.N 

0.25 0.25 0.55 0.045 0.045 450 230 130 

 

Figure 7. Workpiece geometry. 

The experiments were conducted over a wide range of turning conditions on a 
center lathe machine under unlubricated cutting conditions. In order to study the 
effect of cutting condition on surface roundness thoroughly, only three turning 
cutting parameters were chosen; namely, cutting speed, feed rate, and depth of cut. 
The cutting tool used was carbide tips together with carbon steel shank. Other 
parameters, such as, tool rake angle, clearance angle and tool overhung length were 
held constant throughout the investigation. The cutting conditions are shown in 
Table 2. 
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Table 2. Cutting conditions 

Parameters Values 

Cutting speed ( ) ( )minm,V  29, 43.2, 61.2, 86 and 117.8 

Feed rate ( ) ( )revmm,f  0.04, 0.07, 0.105, 0.11 and 0.17 
3-

ja
w

s c
hu

ck
 

Depth of cut ( ) ( )mm,t  0.3 and 0.5 

Cutting speed ( ) ( )minm,V  117.8 

Feed rate ( ) ( )revmm,f  0.04, 0.07, 0.105, 0.11 and 0.17 

4-
ja

w
s c

hu
ck

 

Depth of cut ( ) ( )mm,t  0.3 and 0.5 

Tool overhang, (mm) 20 

Tool rake angle (degree) 15 

Clearance angle (degree) 8 

Roundness error was measured on Talyround Mitutoyo RA-112. Out of 
roundness (O) and Peak to valley height ( )VP +  were used as a quantitative 

description for roundness error. The roundness error was measured for machined 
locations A and B by taking three readings for each surface and the average was 
calculated. 

4. Results and Discussion 

The influence of the feed rate on roundness error for a 3-jaw chuck is 
graphically presented in Figures 8 and 9. The results are plotted for different depths 
of cut. 

The figures show that, with increase in feed rate, roundness error also increases. 
This is due to the increase of cutting forces that will also increase the vibration 
existing between tool and workpiece. The roundness error produced on the machined 
surfaces is highly dependent on this vibration. However, for different depth of cuts, 
different trends are observed. At low values of feed rate, the higher depth of cut 
gives better roundness. This is due to the increased cutting forces overcoming the 
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effects of workpiece rigidity. Same relations were obtained when machining at the 
tailstock, but the error is a little smaller than the errors occurring when machining 
close to the headstock. This can be attributed to the vibrations transmitted from the 
machine through the headstock to the workpiece, while on the other hand machining 
near the tailstock, part of this vibration is damped out during transmission through 
the workpiece material. 

At the same time, when machining near the head stock, the workpiece gets 
deflected due to the action of the clamping jaws that was discussed in Section 2, and 
the whirling produced, which adds an additional axial force on the cutting tool, and 
may also increase the roundness error. 

 

Figure 8. Effect of feed rate on roundness error at different depth of cut (3-jaw 
chuck- close to headstock, .)minm8.117=V  

 

Figure 9. Effect of feed rate on roundness error at different depth of cut (3-jaw 
chuck- close to tailstock, .)minm8.117=V  



EFFECTS OF MACHINING PARAMETERS IN TURNING … 65 

Figures 10 and 11 display the variation of roundness error for different speeds 
and feed rates. When the values of feed rates are small, the increase of cutting speed 
reduces the coefficient of friction between tool flank and the machined surface. The 
deformation zone also will be reduced due to high rate of deformation. This leads to 
a decrease roundness error with the increase in cutting speed as shown in figures for 
the graphs drawn for feed rates of 0.04 and .revmm07.0  

The figures also show that the trend that is obtained for a feed 
revmm105.0rate =  is different from that discussed in the above paragraph. The 

increase of cutting speed increases the roundness error values. This can be explained 
as follows: For this condition, the value of feed rate is high which increases the 
undeformed chip thickness and cutting forces. This increases the amplitudes of 
vibration and consequently increases roundness error. 

 

Figure 10. Effect of speed on roundness error at different feed rate (3-jaw chuck-
close to headstock, .mm)3.0=t  

 

Figure 11. Effect of speed on roundness error at different feed rate (3-jaw chuck- 
close to tailstock, .mm)3.0=t  
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Reference to the figures will show that, machining close to the tailstock gives 
better results for roundness error than headstock as discussed before. The effect of 
cutting speed on roundness error is lower than that of feed rate and depth of cut. 

The results obtained for machining using 4-jaw chuck are graphically presented 
in Figures 12 and 13. The figures showing that, for machining at lower feed rates, 
and with lower depth of cut, the roundness error is found to be higher because the 
depth of cut does not improve the rigidity of the work-piece. At the same time, 
higher depth of cut at lower feed rates increases the cutting force slightly which 
increases the rigidity of workpiece and reduces the roundness error. 

Referring to Figures 12 and 13 one cannot find significant variation for the 
results that are obtained for machining at different positions of workpiece (close to 
tailstock or headstock) as a 4-jaw chuck reduces the roundness error than a 3-jaw 
chuck. This gives the result that, the roundness error obtained in turning when the 
workpiece is clamped by a 4-jaw chuck is dependent mainly on the machining 
conditions. 

 

Figure 12. Effect of feed rate on roundness error at different depth of cut (4-jaw 
chuck- close to headstock, ).minm8.117=V  

 

Figure 13. Effect of feed rate on roundness error at different depth of cut (4-jaw 
chuck- close to tailstock, ).minm8.117=V  



EFFECTS OF MACHINING PARAMETERS IN TURNING … 67 

Finally, all test results show that the increase of feed rate increases roundness 
error and this behavior is significant for higher values of depth of cut. It can also be 
concluded that, at lower feed rates, it is better to use a greater depth of cut. 

5. Conclusion 

This paper introduces an investigation for the influence of workpiece chucking 
method and cutting conditions in turning operations on roundness error. This has 
been investigated theoretically and verified experimentally. The following 
conclusions are drawn: 

1. For 3-jaw chucks, the resulted roundness error depends on the position of tool 
along the workpiece length. Machining close to tailstock give better results for 
roundness than close to headstock. This phenomenon is eliminated when using 4-jaw 
chuck. The influence of cutting speed on roundness error is lower than that of feed 
rate and depth of cut. 

2. Feed rate and depth of cut have the most significant effect on roundness error. 

3. At lower feed rates, it is better to use a higher depth of cut to obtain small 
roundness error. 

4. The results showed a great influence of chucking method on resulted 
roundness error. Clamping of workpieces by 4-jaws chuck reduces roundness error 
than 3-jaws chuck. 
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