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The present study introduces the effect of cutting speed, feed rate, depth of cut, and
length to diameter ratio (L/D) on roundness and straightness errors of cylindrical
specimens of high carbon steel machined at different specified and recommended ranges
of machining conditions on lathe with one end gripped in three jaw chuck while the other
end was kept free. Several empirical formulae relating out-of roundness and straightness
values with speed, feed , depth of cut , and length to diameter ratio as a predictable
parameter are introduced in the current article within the specified ranges of machining
parameters. Correlation analyses have been carried out to point out the strength between
the calculated values and experimental measured values. General remarks, tendencies,
and conclusions have been presented.
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i

INTRODUCTION

The surface geometry plays a very.

important role in the performance
characteristics of a machine part. It is
known that it has an influence on
mechanical properties such as wear
resistance, fatigue strength, strength of
interference fits, and corrosion resistance
[1]. There is a growing realization that the
geometrical shapes and sizes are important
if they are seeked to function correctly.
Consequently, the accuracy requirements
for machine parts have continuously
increased and tend to be specially critical in
modern industry. Recently the techniques of
form errors for surface topography have
gained importance from the point of view of
their function to be performed in an
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assembly . This problem is considered as
one of hot areas of research [2]. Venture and
Yeralarn [3] have developed efficient
algorithms for automated roundness
inspection of circular production parts when
the out-of-roundness value is measured as
the optimal objective function of the
minimax problem. The out-of-roundness is
defined as the maximum deviation of a given
set of sample points, taken from the
boundary of the production part, from the so
called minimax circle. Zahng et al. [4] have
proposed a methodology that employs
computer simulation to dynamically
generate the topography of machined
surface during an intermittent turning
process. The methodology is based on some
mathematical models that characterize the
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intermiftent ~ turning “process as an
alternating sequence of forced and free
vibratory motion. Osanna et al [5] have
introduced an approach in which the
roundness measurement is used as an
important measure for quality evaluation of
production parts. Dawson [6] has introduced
a procedure for cylindricty and its
measurements. In this procedure, the
limitations of current instrumentation and
measurement techniques with respect to
cylindricty have been analyzed. Khan and
Shouman [7,8] have discussed various
algorithms for form error’s evaluation of
engineering components, to check the
conformity of components to specifications.
Also, they have introduced empirical
formulae for predicting roundness for
aluminum, copper and brass based on some
of machining variables and material
hardness. A new measurement and
compensation method for the grinding of
large cylindrical workpieces to improve form
accuracy has been developed by Kotamaki
[9]. In that work, the generating mechanism
and geometry of the main source of form
error, the error motion between the tool and
workpiece is discussed. The results
indicated that the form accuracy can be in
many cases .improved. A method for
measuring the straightness of travel of the
carriage of a single point diamond turning
machine has been presented by Campbell
[10]. This method measures the slide
parallelism to the workhead spindle. The
quality of measurements achieved were less
than 0.1 micron. An accurate, efficient, and
robust algorithm for the minimum zone (MZ)
straightness and flatness has been
developed by Suen et al [11]. In this
algorithm, an interval bias adaptive linear
neural network structure together with least
mean squares learning algorithm, and an
appropriate cost function have been used to
carry out the interval regression analysis.
Also, an estimation procedure of sphericity
by means of statistical processing for
roundness of spherical parts has been
introduces by Kanada [12]. In this
procedure, a three-dimensional deviation
value from spherical form is calculated from

(N
N

a few two-dimensional roundness values
obtained using a general roundness
measuring system with a statistical
technique.

PROBLEM FEATURE

Numerous parameters affect the
geometry of the machined surfaces. The
formation of micro-, and macro-irregularities
on the surface of machined components
depends on the following principle factors
[13]: 1-Cutting conditions (cutting speed,
feed rate, and depth of cut).2-Workpiece
size. 3- Workpiece material. 4-Cutting
tools(type, form, material, and sharpness).
5-Machine condition. 6-System rigidity. 7-
Machining operation. 8-Character and type
of applied coolant. In the current work, the
cutting conditions and workpiece size are
under consideration while the other factors
are held constant. As a matter of fact, the
cutting conditions play a very important role
in the performance characteristics of the
form errors of a machined part. The size of
the workpiece to be machined to some
extent affects the desired accuracy of form.
As it is mentioned in [2,14,15], higher “L/D”
ratios tends to elevate the central hump in
the system deflection while lower “L/D <3~
ratio is not as harmful as a higher
“L/D>5as regard the accuracy of turned
cylindrical surfaces. In principle the major
aims of any machining process is the
production of workpieces within the
imposed tolerance of form, dimensions,
surface finish and quality. The form errors of
two dimensional surfaces like roundness
and straightness are important from the
functional point of view in an assembly,
where the ability of slides to move along
straight lines and rotating parts to rotate
about a fixed axis is essential. Since most of
the functional components are round and
straight, the measurement and evaluation of
such components are needed to clarify the
influence of common cutting parameters
and workpiece size on surface geometry. In
the current investigations, an attempt has
been done to study the degree to which the
machining parameters (cutting speed, feed
rate, and depth of cut) and component size
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(L/D = .5, 1, 1.5, 2, 2.5).affect roundness
and straightness errors. :

EXPERIMENTAL WORK

Experimental . investigations were
performed on specimens of high carbon steel
SEA 1095 having hardness of 210HB. In
accordance within the machine static and
dynamic tests, some recommended tests
have been done on the used machine
(Harrison 600). The vibration displacements
of the machine spindle are measured for
loading and wunloading conditions. The
measured parameters for static and dynamic
tests were found within the permissible
values of standard tests that are advised by
Schlesnger [16] . A single point tool of high
speed steel having square crossectional
area of 12.7*12.7 mm and right hand
turning with standard geometry
presentation of 0,10,8,8,8,15,1 has been
used in the current work [17]. The tool was
set on the lathe and applied with more rigid
supporting method and minimum overhang
of 20 mm. Also the tool was mounted on-
center so that the effective cutting angles
are the same as those ground on the tool,
and applied with the cutting edge inclined to
the direction of feed (oblique cutting) [18].

Table 1 Three levels of cutting variable

The tool life was taken into consideration
where each cutting edge was used according
to the predicted tool life. In this aspect and
in order to minimize the effect of tool wear
on the resulted form errors, the standards of
flank wear criterion [19,20] for HSS are
used. A coolant of soluble oil as an emulsion
with water (1:3) has been used as a cutting
fluid and applied at the cutting edge. In the
current study, the interest is focused on
cutting speed (V), feed rate (f), depth of cut
(d), length to diameter ratio (L/D), and their
interactive influence on roundness and
straightness errors. This attention is
highlighted for cylindrical specimens with
one end gripped in a three-jaw chuck and
the other end was kept free. A three
variables, three factorial design for each
fixed length to diameter ratio (.5, 1, 1.5, 2,
2.5) were performed. The choice of high,
medium and low levels for variables are
shown in Table 1. The values fall within
practical and recommended limits of
machining conditions and provide a range
which enable possible effects to be detected
[19]. The mecasured responses are out-of-
roundness and straightness values.

Variable Unit Low Medium High
Cutting speed V m/min. 12 21 30
Feed rate f mm/rev 0.05 0.1 0.2
Depth of cut d mmo 0.1 0.3 0.3

According to the cited experimental
strategy, 135 test specimens have been
machined. This number of test specimens
have been divided into three groups. Each
group has been made up of 45 test
specimens. The first group was machined at
cutting speed 12m/min. and 45mm
diameter. Second and third group were
machined to be 37mm in diameter and at
cutting speed 21 and 30 m/min.
respectively. Each group consists of five sets
with respect to the fixed L/D ratios
(.5,1,1.5,2,2.5). Each set contains nine test

specimens to comprise all possible
combinations of feeds and depth of cuts
under consideration. The out-of-roundness
was measured for all specimens using
Talyrond 200 system and minimum-zone-
center approach (MZA, Figure 1).

Because the roundness measurement of
a certain plane represents only the out-of-
roundness for the measured plane [21], and
the maximum error is more important from
the  manufacturing point of view.
Measurements for the designed workpiece
structure have been taken for 28 specimens
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that expected to provide maximum errors,
to see the trend of variation of the error
along the machined  length. The
measurements were carried out at five
planes  (0,L/4,L/2,3L/4,L) along the
machined length of the specified specimens.
The data obtained were fitted into trends
(using statistical software) and the plane of
maximum value was found at plane L; i.e. at

Cenve of
the two
concentric
circles

- MZC

Figure 1

Plane [,

Plane 3L/ 4

Plane 1/2

Plane L/4

Plane 0

Figure 2 Five planes along the machined
length of out-of-roundness
measurement

the free end of the machined length. Also,
straightness measurements were carried out
on four generating lines for each specimen.
The straightness value of each specimen is
the mean value of the measured generators
(Figures 2,3). However, Table 2 lists the
measurements of out-of-roundness. Table 3
presents straightness measurements.

Graph
entirely
bounded
by the two
concenlic
circles

This spacing is
3 minimum

Conditions for minimum zone center

L O

|
T T I

Figure 3 Measured generating lines for straightens
error
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Table 2 Out-of-ronndness values (um)

V=12 m / min V=21m / min V=30m / min

L/D f depth of cut depth of cut depth of cut

0.1 0.3 0.5 0.1 0.3 0.5 0.1 0.3 0.5

1/2 0.05 3.75 2.75 3.50 3.75 | 3.25 | 3.75 F250 022l 2.00

0.10 35.00 10.00 | 5.00 5.00 | 4.50 | 3.75 5.90 11206t 2.25

0.20 10.00 | 12.00 | 6.50 6.25 | 2.25 | 3.50 3.00 | 35681} 3.50

1 0.05 4.50 .79 4.25 3.25 | 2.00 | 3.50 2.50 13081} 2.75

0.10 14.00 | 6.00 10.00 | 3.75 | 3.00 | 4.25 475 | 2501} 3.50

0.20 10.00 | 14.00 | 9.00 7.25 | 3.30 | 4.25 3.23 | 128801 4.75

3/2 | 0.05 5,25 5.25 4.50 3.75 2.7 4.00 3.50 3.73 2.50

0.10 13.00 | 8.00 6.50 6.00 | 5.00 | 4.00 3.00 | 4.00 | 3.75

0.20 | 1300 ] 9.00 8.50 7.00 | 5.25 | 4.25 4.00 | 57311 4.25

2 0.05 4.50 6.00 6.75 5.75 | 6.50 10.00 | 3.00 | B8.00 ] 2.25

0.10 9.00 5.50 6.50 5.73 | 3.25 | B5.28 3.25 | 3.00 | 4.50

0.20 14.00 | 14.50 | 9.00 4.50 | 6.00 | 6.25 4.75 | 4.00 | 4.00

9/2 | 008 5.50 5,25 5,25 5.00 225 3.2% 3.%5 2.78 278

0.10 6.00 15.00 | 13.50 | 4.00 | 4.75 | 3.25 6.50 $181251111'8.50

0.20 14.00 | 17.00 | 12.00 | 8.25 | 7.50 | 4.50 3.90 1923111 5.50

Table 3 Siraightness values (um)

V= 12m / min V=21 m /min V=30m / min
L/D f depth of cut depth of cut depth of cut
0.1 0.3 0.5 0.1 0.3 0.5 0.1 0.3 0.5
YA 0.05 4.00 7.84 3.55 10.25 2.24 3.21 2.08 213 2.35
0.10 8.81 2.90 3.37 2.90 3.78 3.52 2.37 3.79 3.00
0.20 4.50 6.25 4.00 3.28 3.10 4.46 2.90 3.03 2.75
1 [ 0.05 10.06 | 18.86 | 6.00 6.47 3.62 4.09 3.68 275 1.87
0.10 10.50 | 5.12 6.69 2.03 4.12 4.00 2.87 202 2.43
0.20 6.62 13.31 | 7.81 4.90 4.53 5.39 3.75 3.90 2.24
3/2 0.05 11.00 | 25.65 | 6.84 19.19 .77 .58 3.87 4.03 - 3.68
0.10 11.69 | 7.12 5.18 95.93 5.65 4.12 3.50 4.56 5.93
0.20 10.28 | 6.43 6.56 0.34 4.31 5.78 4.15 4.00 4.25
2 0.05 12.00 | 13.06 | 7.78 16.65 4.62 6.65 4.52 4.40 3.40
0.10 5.22 3.50 35 4.78 4.12 | 5.03 3.77 11409 4.62
0.20 10.12 | 6.95 9.50 5.43 6.09 | 5.00 4.28 | 4.09 4.25
5/2 0.05 15.00 | 9.44 8.00 29.12 4.69 4.16 4.75 4.75 3.00
0.10 9.62 12.12 | 10.31 6.03 5.12 6.09 B2 3.96 3.67
0.20 12.87 | 14.19 | 10.25 4.69 4.00 4.94 5.62 5.28 4.87

MATHEMATICAL MODEL

A full factorial design is used in
experiments involving several factors at
several levels. The number N of all possible
combinations to be performed during the
experiment is given by:

N= (1)

Where n is the number of levels and k is the
number of factors. Response surface
methodology has been applied where itis
recommended as one of the best
experimental designs for quantifying
empirical relations for surface geometry

nk

characteristics [22]. Also one of its main
privileges is that the number of
experimental tests is reduced. The
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influence of cutting speed, feed rate, and
depth of cut on the surface geometry
characteristics is determined through a 23
factorial design for each fixed length to
diameter ratio. To determine the influence of
the parameter L/D ratio with the cutting
conditions on the surface geometry, a
stepwise of 24 factorial design is employed.
To find a suitable approximation for the true
functional  relationship between the
considered responses and the independent
variables, low and high order equations were
tested. A functional relationship between
the surface characteristics and the
independent variables under investigation
can be postulated as

P, = C* V** F* * d' * (L/D)° (2)

W
(* 1}
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Where Pi is dependent response variable;
V,F, d and (L/D) are independent variables;
C is constant; «,f,y., are exponents. In the
current work, the response variable P; is
either out-of-roundness or straightness
error in micron while the independent
variables are cutting speed, feed, depth of
cut, and length to diameter ratio. The above
equation can be simplified in general from
for j=1,2,3...k factors as

dimensionless system of coordinates
X1,X5,....Xk, the following coding equation
should be used:

Xi=(Zi-Z7) /A Z; (=1.2,3,... k) 6)

In dimensionless coordinates system, the
upper and lower levels are at +1 and -1
respectively. The coordinates of center point
of the design are zero and coincide with the
origin of coordinates. Tables 4 and 5. list the
values of variable levels considered in

Yi =botbi1Z1+b2 Zo+...+ bZ; (j =1,2,3...k) (3) natural scale and coding system for 22 and
Generally for any factor Z, we have 2+ factorial designs respectively.
Zo:=(Zmax .+ Zmin ) /D i=123..... 4
= ? J)/ (3=123...%) (4) Table 4 Variable levels in natural scale
A Zi-_: (ZmaxJ 'mej)/ 2 (J = 132,3 """ k) (5) Variable Unit Low Medium High
The point with the coordinates % m/min 12.00 21.00 30.00
(Z9,25,..,Z;) 1is called the center point of P mm/rev | 0.05 0.10 0.20
design, or basic level, and A Z is the unit or d mm 0.10 0.30 0.50
interval of variation on the Z -axis. In order L/D & 1/2 3/2 5/2
to pass from the Z ,Z, coordinates to a
Table 5 Coding table for factorial designs
23 Factorial design 24 Factorial design
Low Medium High | Low | Medium | High
¥ -1 0 +1 0 +1
F -1 0 +1 0 +1
d -1 0 #1 - 0 +1
L/D = 0 +1 0 +1

Based upon the above transformation,
both the transformed equation and the
experimental matrix will be given in general
form as:

Yi=Xobo+brxi +x2b2 + ... + by xj

(3=0,1,2,3,..k) (7)
Where X, is a dummy variable equal to
Any coefficient b; of the estimated

regression is defined by a scalar product of
yi column by the respective Xx; column
divided by the number of experiment N,
where the mathematical replica is expressed
as

N
bJ=(1/N) %XﬁYI (J = o)l:g:k’r(l = 01112)'N) (8)

Table 6 Experimental matrix in general form

No. %o 1 X3 X2 Xj Yi
1 Ko1 X1 X21 Xi1 Y1
2 Xo2 Xi2 X2z Y2 Yo
N Xoi Xu X2 X_p Y,

The experimental matrices in coded form
for 22 and 2¢ factorial designs with four
measurements at the center point of each
design can be deduced by the aids of Table
S. The addition of center points
(xj=0,j=1,2,....k) to the 2k design does not
influence the {bj} for j 21, but the estimate of
b, becomes the grand average of all

measurements. Furthermore, the addition of
center points does not alter the
orthogonality property of the design [22].
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Correlation analyses have bhee:: carried out
to determine the strength of correlation
between the calculated values of response
variables and the experimental measured
values. Based upon the previous
transformation, experimental matrices, and
measured values of out-of-roundness and
straightness errors; both the mathematical
formulae of the response variable (out-of-

roundness and straightness error) and
correlation coefficients can be derived. Table
7. presents the obtained values of the
derived formulae for the constant (C),
exponents (a, B, 7, €), and the corresponding
correlation coefficient (CC).

Table 7 Exponents, constant, and correlation coefficient for empirical relations

RV L/D C a B v £ cC
RV1 1/2 97.58 -0.789446 0.441315 | -0.071983 - 0.92
1 87.15 -0.629316 | 0.511670 | -0.025987 - 0.95

3/2 105.03 -0.781701 0.397980 | -0.132792 0.93

2 179.90 -0.926542 | 0.443188 | -0.077030 - 091

5/2 161.19 -0.794270 | 0.481513 | -0.105298 - 0.97

GRV1 1/2-5/2 123.41 -0.791838 | 0.461421 | -0.088639 | 0.2943550 0.97
RV2 1/2 14.18 -0.454305 | 0.092193 | -0.059588 0.92
1 76.85 -1.088285 | 0.008036 | -0.239796 0.90

3/2 53.69 -0.820068 | 0.018822 | -0.147697 - 0.93

2 80.06 -0.946509 | 0.035694 | -0.122437 - 0.92

5/2 120.29 -1.010454 | 0.134774 | -0.226631 0.93

GRV2 1/2-5/2 42.40 -0.732382 | 0.113484 | -0.143110 | 0.482599 0.93

RV : Response variable = RVI1: Out-of-roundness RV2 : Straightness error

GRV1 : Out-of-roundness by general formula GVR2 : Straightness error by general formula

RESULTS AND DISCUSSION
Based on the applied design of an
experimental approach, empirical formulae
for predicting  out-of-roundness and
straightness error have been developed. The
remarks and tendencies are being presented
in the following paragraphs:

1. For each length to diameter ratio, the out-
of-roundness were measured at different
crossections of the machined length. The
maximum roundness error was found at
the free end. The presence of maximum
out-of-roundness at the free end of the
machined specimen is due to the
resistance of workspecimen to the system
of cutting force is very week at that point,
while it is very strong at the gripped end.
The maximum deflection during the
cutting process is the main source of
maximum out-of-roundness at the free

end (Interactive effect of machining and
beam deflection of cantilever fixation)
[23].

2. Specified and general empirical formulae
have been developed for predicting out-of-
roundness and straightness error. These
empirical relations have been tested and
compared to the actual experimental
values of out-of-roundness (ARV1) and
straightness (ARV2). A sample of this
comparison is presented through Figures
4 to 15. Figures 4 to 8 present both
ARV1 and RV1 for the considered L/D
(0.5,1,1.5,2,2.5) respectively, while Figure
9 presents ARV1, RV1, and GRV1 at L/D
=1.5. These Figures are presented at
different cutting speeds of the considered
range and at the specified feeds and
depth of cuts. In all Figures both RV1 and
GRV1 are fitted into trends to compare
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them with ARV1. The same system
approach have been applied for
straightness presentation in Figures 10
to 15. The exhibited data in these figures
shows that the derived empirical formulae
for each specified L/D or general formula
are very sensitive in predicting and
evaluation of both the out-of-roundness
and straightness error where the plotted
predicted response variable in most cases
is very close to the actual value or equal

to it. This higher sensitivity indicates
that, the designed approach,
experimental procedure, measurement

system, and evaluation method (response
surface methodology) are applied in
reliable and confidence way. As a matter
of fact, the applied procedure of
investigation affects the strength of

correlation’s between the response
variable and independent variables.
However, the minimum  strength of

correlation of the derived formulae was
found to be 90% for straightness
equation at L/D = 1, while the maximum
strength of correlation of the derived
formulae was found to be 97% for out-of-
roundness equation at L/D=5/2 and for
general out-of-roundness equation.

3.A study for determining the maximum

(m2) and minimum (ml) values of
response variable(out-of-roundness or
straightness error) has been carried out
using the derived empirical relations for
either any specified length to diameter
ratio or any machining variables. These
maximum and minimum values are
evaluated upon the levels of machining
~ variables in natural scale and the signs of
the corresponding exponents. These
values are listed in Tables 8 to 11. This
study is utilized in determining both the
local optimum values (ml) or general
optimum values (Gml) of response
variable (RV1 or RV2) . These optimum
values have been presented for the
considered and recommended ranges of
variations. By the aids of these optimum
values, the independent variables (V,f,d,
L/D) are become controllable variables
for the achievement of optimal condition

of response variables and within the
limited ranges (with respect to the
available) of machining variables under
consideration.

4. A computer software has been designed

and created for constructing predictable
tables for response variable (RV1 and
RV2) based on the considered ranges of
variations for machining variables and
length to diameter ratios. This software is
capable for evaluation the response
variables at any input independent
variables. However, Tables 12 and 13
present a sample of these predictable
tables.

o Out-ol-roundnass [um]
= ARV1
-+ RV1
b3
[
J
]
F = 0.1 mm/rev, d = 0.6 mm L/O » 1/2

18.6 2t 268 30

Culling speed (mvmin)

Figure 4 Out-of-roundness versus cutting speed
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Figure § Out-of-roundness versus cutting speed
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Table 8 Ranges of out-ef-roundness and straightness error at different “L/D” ratios (um).
L/D V=12 / min /=16.5m / min V=21 m/ min V= 25.5m/ min V=30m / min
RV1 RV2 RV1 RV2 RV1 RV2 RV1 RV2 RV1 RV2
Ratiojml |m2 |ml |m2 [ml |m2 |ml [m2 |ml |m2 |ml |m2 jml |m2 |ml |m2 |ml |m2 [ml [m2

12 [3.75]8.21 [3.86 |5.69 [2.92 |16.38 |3.06 |4.51 |2.41 [5.27 [2.56 [3.78 |2.07 |4.51 |2.22 |3.28 | 1.82 {3.97 |1.97 [2.91

1 46 [10.07|5.4017.95[3.587.82 4.28 |16.30 [2.96 |6.46 [3.58 |5.28 |2.53 |5.54 |3.11 |4.58 [2.23 |4.87 |2.76 |4.07

3/2 |5.19(11.34)6.57 |9.68 [4.03 |8.81 [5.20 | 7.66 |3.33 | 7.28 [4.36 |6.42 |2.86 |6.24 [3.78 | 5.57 [2.51 | 5.49 |3.36 |4.95

2 5.65[12.35]7.54 [11.1214.39 |9.59 | 5.98 |8.80 [3.62 | 7.93 | 5.01 | 7.38 {3.11 |6.80 |4.34 |6.40 |2.73 | 5.98 |3.86 | 5.68

52 16.03 [13.19{8.40 |12.38[4.69 [10.25]6.65 |9.81 |3.87 |8.47 | 5.58 [8.22 |3.32 [7.26 |4.84 |7.13 [2.92 [6.38 |4.29 |6.33
: optimum

Table 9 Ranges of out-of-roundness and straightness error at different cutting speeds (um).

v L/D=% D= L/D=3/2 L/AR=2 B = 512

m/ RV1 RV2 RV1 RV2 RV1 RV2 R V1 RV2 RV1 R V2

min [ml |m2 |ml m2 |ml |m2 |ml |m2 |ml [m2 Iml |m2 |ml |m2 |ml |m2 |ml |m2 [ml |m2
12 [3.75]8.21 |3.86 [5.69 |4.60 [10.07]5.40 | 7.95 {5.19 [11.34/6.57 |9.68 | 5.65 ]12.35]7.54 |11.12/6.03 {11.19|8.40 ]12.38
16.512.9216.38 1306 14.51 |3.58 |7.82 14.28 |6.30 |4.03 | 8.81 | 5.20 | 7.66 |4.39 [9.59 [5.98 |8.80 |4.69 [10.25]6.65 |9.81
21 12.41[5.27 1256 |13.4212.96 16.46 |3.58 [5.28 13.33 |7.28 |14.36 [6.42 |3.62 |7.93 [5.01 |7.38 |3.87 |8.47 | 5.58 |8.22
25.512.07 |4.51 |2.22 |]3128]2.53 | 5.54 [3.11 |4.58 |2.86 |6.24 |3.78 [5.57 [3.11 |6.80 [4.34 [6.40 |3.32 |7.26 [4.84 [ 7.13
30 ]1.82]3.9711.9712.91(2.23 |4.87[2.76 [4.07 |2.51 | 5.49 |3.36 [4.95 [2.73 |5.98 [3.86 | 5.68 |2.92 |6.38 |4.29 |6.33

i optimurn
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Table 10 Ranges of out-of-roundness and straightness error at different feed rates (4 m)

f L/D=1/2 L) D=1 L/D=3/2 L D=2 L/D =5/2
mm/ RV1 RV2 RV1 RV2 RV1 RV2 RV1 RV2 RV1 RV2
rev |ml[m2 |ml [m2 [ml |m2 |ml [m2 |ml |m2 [ml |m2 [ml [m2 |ml-|{m2 |ml [m2 |ml |m2
0.05 [2.09[4.33 [2.49 |4.87|2.57 [5.31 |3.47 |6.79 | 2.89 | 5.98 [4.23 [8.27 B.15 |6.51 |4.86 [9.50 [3.37 |6.95 | 5.41 ]10.58
0.075 [2.53[5.22 [2.60 |5.09 |3.10 |6.40 |3.64 | 7.12 |3.49 [7.21 [4.42 [8.66 [3.80 | 7.85 |5.08 [9.95 [4.06 |8.39 | 5.66 |11.08
010 [2.88/5.96 |2.6915.26 [3.54 [7.313.75]7.353.99 |8.23 [4.57 |8.94 |4.34 [8.97 | 5.25 [10.28|4.63 |9.58 | 5.85 |11.45
0.15 [3.47]7.19 [2.82 |5.51 |4.27 | 8.81 |3.94 [7.70 | 4.81 [9.93 |4.79 |9.37 | 5.23 |10.81[5.50 {10.76|5.39 [11.55/6.13 {11.98
0.20 [3.97{8.21 [2.91 |5.69 |4.87 [10.07{4.07 | 7.95 [5.49 |11.34{4.95 [9.68 | 5.98 [12.35|5.68 |11.12]6.38 [13.19]6.33 [12.38

[ optimum

Table 11 Ranges of out-of-roundness and straightness error at different depth of cut (um).
d V=12m/ min| V=16.5m/ min V =21m/min] V=25.5m/ min V= 30m / min
RV1 RV2 RV1 RV2 RV1 RV2 RV1 RV2 RV1 RV2

m ml [m2 [ml |m2 |ml |m2 {ml {m2 [ml |m2 |ml |[m2 |ml |m2 |ml |m2 |ml |m2 |ml |m2
0.1 |2.09]8.21]2.49(5.60|2.57]10.1{3.47|7.95(2.89]|11.3(4.2319.68/3.15{12.4/4.86/11.1{3.37|13.2|5.41{12.4
0.2 |1.97|7.72]2.25(5.15|2.42]9.47|3.15|7.21{2.72|10.7[3.83]8.76/2.96| 11.6/4.40| 10.1]3.17|12.4/4.90{11.2
0.3 |1.90|7.45{2.12|/4.86]|2.33]9.13|2.97]6.80/2.63]|10.3{3.61)8.27/2.86]11.2(4.15|9.50{3.05{12 ]4.62|10.6
0.4 |1.85|7.26{2.04/4.67|2.27[8.90(2.85]6.52{2.56|10 [3.47|7.94/2.79|10.9(/3.89]9.12]2.98|11.714.43[10.2
0.5 [1.82]7.12|1.97]4.52)2.23|8.73|2.76|6.32]2.51{9.84]3.36]7.69|2.73] 10.7]| 3.86| 8.83/2.92|11.4{4.29|9.83

optimum i

Table 12 Predictable out-of-roundness at length to diameter ratio 1/2 (um)
L/D V= 12 m/ min V =21 m/ min V = 30 m/ min
=1/2 depth of cut depth of cut depth of cut

f 0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 | 0.5 0.1 0.2 0.3 0.4 0.5
005 [ 432 | 411 | 399 | 391 | 385 | 278 | 2.64 | 2.56 | 2.51 [ 247 | 2.09 | 199 | 194 | 190 | 1.87
007 | 3.16 | 491 | 477 | 467 | 460 | 3.32 | 3.16 | 3.07 | 3.00 | 296 | 2.59 | 238 | 231 | 2.27 | 2.23
0.10 | 5.86 | 558 | 542 ] 531 {522 } 377 | 3.59 | 348 | 3.41 | 3.36 || 2.84 NN N] 2.63°] 2:5¢ | 2.53
012 | 647 | 615 | 598 | 585 | 5.76 | 416 | 3.96 | 3.84 | 376 | 3.70 | 314 | 299 | 290 | 2.84 | 2.79
015 | 701 | 670 | 648 | 635 | 6.24 | 451 | 429 | 416 | 408 | 401 | 3.40 | 324 | 3.14 | 3.08 | 3.03
0.17 | 750 | 7.14 | 693 | 6.79 | 668 | 482 | 459 | 446 | 437 | 430 | 364 | 346 | 336 | 3.29 | 3.24
020 | 796 | 7.57 | 735 | 720 | 7.09 | 5.12 | 487 | 473 | 463 | 456 | 3.86 | 3.67 | 3.57 | 349 | 3.44

Table 13 Predictable straightness error at length to diameter ratio 3/2 (um)
L/D V = 12 m / min V =21 m/ min V_= 30 m/ min
=3/2 depth _of cut depth of cut depth of cut

f 0.1 0.2 0.3 0.4 0.5 0.1 0.2 O3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
005 1929 [839 | 790 | 7.57 | 7.33 | 5.87 | 530 | 499 | 478 | 463 | 438 | 396 | 3.73 | 3.57 | 346
007 [ 936 [ 845 | 796 | 7.63 | 7.38 | 592 | 534 | 503 [ 482 | 467 | 442 | 3.99 | 3.75 | 3.60 | 3.48
010 [ 941 | 850 | 800 | 767 | 742 | 595 | 537 | 506 | 485 | 469 | 444 | 401 | 3.78 | 362 | 3.50
012 1945 | 853 | 804 | 770 | 745 | 597 | 539 | 508 | 486 | 471 | 446 | 403 | 3.79 | 3.63 | 3.52
015 [ 949 [ 856 | 807 | 773 | 748 | 599 | 541 | 510 [ 488 | 473 | 447 | 404 | 3.80 | 3.65 | 3.53
0.17 1951 | 859 | 809 | 775 | 750 | 6.01 | 543 | 5.11 | 490 | 474 | 449 | 405 | 3.82 | 3.66 | 3.54
020 { 954 | 861 | 811 | 777 | 7.52 | 6.03 | 544 | 5.12 | 491 | 475 | 4.50 | 406 | 3.83 | 3.67 | 3.55

CONCLUSION

Specified and general empirical formulae
have been developed for the evaluation of
out-of-roundness and straightness errors.
These empirical relations are very sensitive
in evaluating and predicting the response
variables under consideration. The derived
formulae are utilized in determining both
the local optimum response variable (m1 of
RV1 and RV2 for all the considered ranges of
variations of dependent variables V f,d L/D)

and general optimum response variable
(Gm1 of RV1 and RV and for each specified
range of variation of the dependent variable).
The maximum evaluated error of response
variable ( local m2 or m2 at optimum
condition) can be determined by the
developed formulae. Moreover, the response
variable can be evaluated at any input value
of the independent variables. Also, one of
the main contribution of the current study
is that, for the considered machining ranges
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(V =12-30 m/min, = .05-.2 mm /rev, d= .1-.5
mm, L/D= .5-2.5), the independent variables
are become controllable variables for
optimality achievement of response variable
or at least to obtain production parts within
the imposed quality tolerances of out-of-
roundness and/or straightness.
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