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The objective of this study isto ascertain the effect of machining parameters and workpiece hardness on
surface roughness of machined components and to develop a better under standing of the effect of process
parameters on the machined surface. Such an understanding can provide insight into the problems of
controlling the finish of machined surfaces when the process parameters are adjusted to obtain a certain
surface finish. The collected data were analyzed using parametric analyses of variance (ANOVA) with
surface finish as the dependent variable and hardness of the workpiece material, cutting tool position
from the surface of the clamping device (chuck), depth of cut, cutting velocity, and cutting feed as
independent variables. Theresults showed that surface roughnessissignificantly affected by the workpiece
har dness, cutting feed, cutting speed, depth of cut, cuttingtool position from thechuck, and their interactions
with each other. The results suggest that feed rate and cutting speed can be adjusted to produce a certain
surface finish when the position of the cutting tool from the surface of a clamping device or the hardness
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of the workpiece is changed.

Keywords ANOVA, clamping device, clamping position, heat
treatment, medium carbon steel, Pareto chart, surface
finish, surface roughness

1. Introduction

The demand for high quality and fully automated production
focuses attention on the surface condition of the product, espe-
cialy the roughness of the machined surface, because of its
effect on product appearance, function, and reliability. For these
reasons, it is important to maintain consistent tolerances and
surface finish.[4 Also, the quality of the machined surface is
useful in diagnosing the stability of the machining process,
where a deteriorating surface finish may indicate workpiece
material honhomogeneity, progressive tool wear, cutting tool
chatter, etc.

The accelerated application of computer aided manufactur-
ing to machining by the use of computer numerical control
machine tools has focused on developing reliable machinery
data systems, to ensure optimum production using expensive
equipment. These computerized machinability data systems
have been classified into two general types,@ namely, the data-
base system and the mathematical model system. The database
system uses the collection and storage of large quantities of
data from experiments, and the mathematical model attempts
to predict the optimum con-ditions.[d

Surface finish, in turn, is affected by a number of factors,
such as cutting feed, cutting speed, depth of cut, cutting tool
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nose radius, cutting tool wear, vibration, etc. These factors have
been studied by many investigators®>'4 on certain materials.

Researchers in this area attempt to develop models that can
predict surface finish of a metal for a variety of machining
conditions such as speed, feed, depth of cut, etc. Reliable models
would not only simplify manufacturing process planning and
control, but would also assist in optimizing machinability of
materials.

The theoreticall models to predict surface finish, while
accounting for the effect of feed rate and cutting speed, have
not considered the effect of tool position on the roughness of
the machined surface. This was one of the main objectives of
the present work. In addition, the interaction of this parameter
with other machining parameters such as cutting speed, cutting
feed, etc. was aso studied. The effect of material hardness on
the machined surface finished at different machining parameters
and the interaction between the hardness of the workpiece and
the above-mentioned parameters were also investigated.

2. Methodology

2.1 Workpiece Materials

Medium cold-drawn carbon steel (AISI 1060) in the form
of bars was the workpiece material. The composition, element
limits, and deoxidization practice were chosen according to the
requirements of ANSI/ASME B94.55M-1985 standards. Table
1 shows the chemical composition of the selected medium
carbon stedl.

The steel was heat treated in order to develop four levels
of hardness, including as received. The following heat treat-
ments were used.

*  Process annealing: The bars were heated to 550 °C for 2
h and then air cooled.
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* Normalizing: The bars were heated to 850 °C for 2 h and
then air cooled.

* Full annealing: The bars were heated to 850 °C for 2 h
and then cooled inside the furnace after turning it off. Table
2 shows the hardness values resulting from the above-
mentioned heat treatments.

2.2 Equipment
* A 40 HP heavy duty Colchester Master 2500 turning
machine.

« Digital surtronic 3P instrument for arithmetical roughness
average (Ry).
* Tinius-Olsen Brinell hardness testing machine.

2.3 Experimental Design

A complete set of experiments has been carried out. For
each hardness specified in Table 2, four feed rates (0.05, 0.16,

Tablel The chemical composition of the selected
medium carbon steel

C S Al Si Ni Cr Mn

0.6 0.0107 0.08 0.44 0.32 0.27 0.59

Table2 The hardness of the workpiece material used
in the experiment

Thermal treatment Brinell hardness (HB)

As received 247
Process annealing 218
Normalizing 192
Full annealing 165

0.25, and 0.4 mm/rev), four cutting speeds (36, 49, 88, and 119
m/min), four depths of cut (0.1, 0.2, 0.4, and 0.6 mm), and
three cutting tool positions (20, 30, and 40 cm) were used as
the independent variables. Surface roughness R, measured in
micrometers was the response variable. Several variables were
put under close control, including the machine on which turning
was performed (the same machinewas used for all experimental
work), the operator (the same operator machined all specimens),
and constant cutting tool angles. The surface roughness data
were collected randomly for each of the 768 machining condi-
tions defined by the levels of independent variables (four hard-
ness X four cutting feeds X four cutting speeds X four depths
of cut X three cutting tool positions).

2.4 Results and Discussion

Tables 3 to 6 give the variations in average surface finish
with cutting speed, feed, cutting tool position, and depth of cut.

The collected data were analyzed using parametric analyses
of variance (ANOVA) with surface finish as the dependent
variable and hardness of the workpiece material, cutting tool
position from the surface of clamping device (chuck), depth of
cut, cutting velocity and cutting feed as independent variables.
The ANOVA model was modified to include the main effects
of theindependent variables and up to two-variable interactions
only. The significance level was based on the P-value from
ANOVA[ as

Insignificant if P > 0.10

Mildly significant if 0.05 < P < 0.10
and

Sgnificant if P < 0.05

The analysisindicated that all main factors and their interac-
tions (except the interaction between the cutting tool position
and the depth of cut) were highly significant (P < 0.05). This

Table3 Average values of measured surface finish (micrometers) for 165 HB workpiece

Cutting tool position from the
surface of the clamping device,

Cutting tool position from the
surface of the clamping device,

Cutting tool position from the
surface of the clamping device,

P =20 cm P =30cm P =40 cm
Feed, Cutting speed, m/min Cutting speed, m/min Cutting speed, m/min
Depth of cut mm/rev 36 49 88 119 36 49 88 119 36 49 88 119
0.1 mm 0.05 4.00 3.50 3.20 2.90 4.26 3.79 3.65 3.45 4.46 4.03 4.06 3.96
0.16 5.50 4.90 4.20 3.80 5.85 531 4.80 4.52 6.13 5.65 533 5.18
0.25 8.80 7.00 6.00 5.70 9.36 7.58 6.85 6.77 9.81 8.07 7.61 7.78
0.40 14.0 11.0 8.50 7.90 14.90 12.0 9.71 9.39 15.6 13.0 10.8 10.8
0.2 mm 0.05 4.40 3.85 3.52 3.19 4.68 417 4.02 3.79 491 4.44 4.46 4.35
0.16 6.05 5.39 4.62 4.18 6.44 5.84 528 4.97 6.75 6.21 5.86 5.70
0.25 113 9.00 6.90 6.20 12.02 9.75 7.88 7.37 12.6 10.4 8.75 8.46
0.40 155 13.2 10.5 11.0 16.49 14.3 12.0 131 17.3 15.2 133 15.1
0.4 mm 0.05 4.30 4.07 3.72 3.37 4.70 441 4.25 4.01 5.10 4.69 4.72 4.60
0.16 6.37 5.68 4.88 4.42 6.78 6.16 557 5.25 7.10 6.55 6.19 6.02
0.25 12.0 9.30 7.00 6.30 12.77 10.1 7.99 7.49 134 10.7 8.88 8.59
0.40 16.5 14.7 115 9.40 17.56 15.9 131 11.2 18.4 16.9 14.6 12.8
0.6 mm 0.05 4.78 4.27 3.92 3.52 5.09 4.63 4.48 4.19 533 4.92 4.97 4.80
0.16 6.69 5.96 5.00 4.58 7.12 6.45 571 5.44 7.46 6.86 6.35 6.25
0.25 10.6 10.1 7.20 6.60 11.28 10.9 8.22 7.84 11.8 116 9.13 9.00
0.40 17.0 14.6 11.8 10.0 18.09 15.8 135 11.9 18.9 16.8 15.0 13.6
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Table4 Average values of measured surface finish (micrometers) for 192 HB workpiece

Cutting tool position from the
surface of the clamping device,

Cutting tool position from the
surface of the clamping device,

Cutting tool position from the
surface of the clamping device,

P =20cm P =30cm P =40 cm
Feed, Cutting speed, m/min Cutting speed, m/min Cutting speed, m/min
Depth of cut mm/rev 36 49 88 119 36 49 88 119 36 49 88 119
0.1 mm 0.05 3.56 314 2.88 2.63 3.77 3.39 3.27 3.09 3.94 3.59 3.61 3.52
0.16 4.79 4.30 3.73 3.39 5.07 4.64 4.22 3.99 5.30 491 4.65 453
0.25 7.36 5.98 5.19 4.95 7.79 6.43 5.86 5.80 8.12 6.81 6.45 6.58
0.40 11.1 8.99 7.14 6.68 11.73 9.71 8.04 7.80 12.2 104 8.83 8.83
0.2 mm 0.05 3.89 3.43 3.16 2.88 412 3.70 9.73 3.39 431 3.92 3.95 3.85
0.16 5.23 4.70 4.07 371 554 5.06 12.8 4.36 5.78 5.36 5.08 4.95
0.25 9.21 7.51 5.90 5.35 9.73 4.12 6.66 6.27 10.1 8.53 7.33 7.10
0.40 12.1 105 8.63 8.99 12.80 5.54 9.70 10.4 13.3 11.9 10.6 11.80
0.4 mm 0.05 3.81 3.62 3.33 3.03 4.14 3.90 3.77 3.57 4.47 4.13 4.16 4.06
0.16 5.48 4,94 4.28 3.90 5.81 5.32 4.85 4.59 6.06 5.63 5.34 521
0.25 9.71 7.74 5.98 5.43 10.26 8.31 6.75 6.36 10.7 8.79 7.42 7.21
0.40 12.8 11.6 9.35 7.81 13.50 12.4 10.5 9.12 14.0 131 115 10.29
0.6 mm 0.05 4.21 3.79 3.49 3.16 4.46 4.08 3.96 3.71 4.65 4.32 4.36 4.22
0.16 5.74 5.15 4.39 4.04 6.07 5.55 4.96 4.74 6.34 5.87 5.47 5.39
0.25 8.70 8.33 6.14 5.67 9.19 8.95 6.92 6.63 9.58 9.45 7.61 7.52
0.40 13.1 11.5 9.57 8.26 13.85 12.3 10.7 9.63 14.4 13.0 11.8 10.87
Table5 Average values of measured surface finish (micrometers) for 218 HB workpiece

Cutting tool position from the
surface of the clamping device,

Cutting tool position from the
surface of the clamping device,

Cutting tool position from the
surface of the clamping device,

P =20cm P =30cm P =40 cm
Feed, Cutting speed, m/min Cutting speed, m/min Cutting speed, m/min
Depth of cut mm/rev 36 49 88 119 36 49 88 119 36 49 88 119
0.1 mm 0.05 3.18 2.83 2.61 2.39 3.36 3.04 2.94 2.79 3.50 321 3.22 3.15
0.16 4.19 3.80 3.32 3.04 4.42 4.07 3.73 354 4.60 4.29 4.08 3.99
0.25 6.20 5.14 452 4.32 6.52 5.49 5.05 5.00 6.77 5.78 551 5.61
0.40 8.91 7.41 6.03 5.68 9.33 7.93 6.71 6.54 9.66 8.43 7.29 7.29
0.2 mm 0.05 3.46 3.08 2.84 2.60 3.65 3.30 3.20 3.04 3.80 3.48 3.50 343
0.16 4.55 4.12 361 331 4.79 441 4.05 3.84 4.99 4.65 4.43 4.33
0.25 7.57 6.32 5.08 4.64 7.94 6.74 5.67 5.36 8.23 7.08 6.18 6.01
0.40 9.60 8.52 7.14 7.41 10.05 9.05 7.92 8.46 10.4 9.47 8.58 9.38
0.4 mm 0.05 3.39 3.23 2.99 274 3.66 347 3.36 3.19 393 3.66 3.68 3.60
0.16 4.75 431 3.78 3.47 5.00 4.62 4.24 4.03 5.20 4.86 4.63 453
0.25 7.93 6.49 5.14 4.71 831 6.91 5.74 5.44 8.61 7.26 6.25 6.09
0.40 10.0 9.24 7.67 6.54 10.50 9.80 8.49 750 10.9 10.2 9.18 8.34
0.6 mm 0.05 3.72 3.37 313 2.84 3.92 361 351 331 4.08 381 3.85 3.73
0.16 4.95 4.49 3.87 3.58 521 4.80 4.33 4.16 5.42 5.06 4.74 4.67
0.25 7.20 6.93 5.26 4.89 7.55 7.38 5.87 5.65 7.84 7.74 6.39 6.32
0.40 10.3 9.19 7.82 6.87 10.73 9.75 8.66 7.87 111 10.2 9.36 8.74

can be seenin Fig. 1, which shows the Pareto chart of standard-
ized effects, indicating the main effects and interaction for
surface finish.

The numerical estimates of the effectsindicate that the effect
of feed is the largest (90.1264) and has positive direction. The
positive direction means that the surface finish deteriorated
with increasing the cutting feed. Figure 2 shows the main effect
of the increase in the cutting feed on the surface roughness.
The changes in surface roughness profiles are shown in Fig.
3 under the following machining conditions (hardness of the
workpiece = 247 HB, depth of cut = 0.6 mm, cutting tool
position from the surface of the clamping device, P = 40 cm,
and cutting speed = 119 m/min). This is due to the increase
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in distance between the successive grooves made by the tool
during the cutting action, as the cutting feed increases.

Figure 1 shows the effect of hardness of workpiece material
(—47.2543). The negative direction means that increasing the
workpiece hardness improves the surface finish. It is generally
well known that an increasein hardnessimproves machinability.
This is clearly confirmed in Fig. 4.

The cutting speed also has a negative value, which indicates
that increasing the cutting speed improves the surface finish,
asshownin Fig. 5. Thismay be due to the continuous reduction
in the build-up edge formation as the cutting speed increases.

The interaction between the cutting feed and workpiece
hardness significantly affects the surface roughness, as shown

Journal of Materials Engineering and Performance
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Fig. 1 Pareto chart of standardized effects for surface roughness R, showing significant factors and interactions

Table6 Average values of measured surface finish (micrometers) for 247 HB workpiece

Cutting tool position from the
surface of the clamping device,

Cutting tool position from the
surface of the clamping device,

Cutting tool position from the
surface of the clamping device,

P =20cm P =30cm P =40 cm
Feed Cutting speed, m/min Cutting speed, m/min Cutting speed, m/min
Depth of cut mm/rev 36 49 88 119 36 49 88 119 36 49 88 119
0.1 mm 0.05 2.88 2.58 2.39 2.20 3.03 275 2.67 254 3.15 2.90 291 2.85
0.16 3.73 3.40 3.00 2.76 391 3.62 3.34 3.18 4.06 3.80 3.63 3.55
0.25 533 4.49 3.99 3.83 557 4.77 4.44 4.38 5.76 5.00 4.79 4.86
0.40 7.32 6.24 5.20 4.92 7.62 6.62 5.72 5.58 7.84 6.98 6.15 6.15
0.2 mm 0.05 311 2.79 2.59 2.38 3.28 2.98 2.89 2.75 3.40 314 3.15 3.09
0.16 4,02 3.67 3.24 2.99 421 391 3.61 344 4.37 4.10 3.92 3.83
0.25 6.36 5.42 4.44 4.09 6.63 5.74 491 4.67 6.84 5.99 531 5.18
0.40 7.81 7.05 6.04 6.24 8.11 7.42 6.62 7.01 8.33 7.72 7.09 7.65
0.4 mm 0.05 3.06 2.92 271 2.50 3.29 3.12 3.03 2.89 351 3.28 3.30 3.23
0.16 4.18 3.82 3.38 3.12 4.38 4.07 3.76 3.59 454 4.27 4.09 4.00
0.25 6.62 5.55 4.49 414 6.90 5.87 497 4.73 711 6.13 5.36 5.24
0.40 811 7.55 6.43 5.59 8.41 7.94 7.03 6.31 8.64 8.24 7.52 6.92
0.6 mm 0.05 3.33 3.04 2.83 2.59 3.50 3.24 3.16 2.99 3.64 341 3.44 3.34
0.16 4.34 3.97 3.46 3.22 455 4.22 3.84 3.69 4.72 4.43 417 4,12
0.25 6.08 5.88 4.59 4.30 6.35 6.22 5.07 4.90 6.55 6.49 5.47 5.42
0.40 8.25 7.52 6.55 5.84 8.56 7.90 7.15 6.58 8.79 8.20 7.64 7.20

in Fig. 6. The figure shows that, with the increase in hardness,
the surfacefinish isimproved, and an increase in feed decreases
the surface finish, as mentioned earlier. The interaction aso
suggests that, to obtain a certain surface finish and maximum
metal removal, it is preferable to use a high cutting feed associ-
ated with high workpiece hardness.

The main effect of the cutting tool position from the chuck
on the surface finish is shown in Fig. 7. Increasing the cutting
tool position from the workpiece-clamping device deteriorates
the surface finish. This can be explained by the increase in the
chattering of the cutting tool due to the long distance between
the tool tip and the surface of the clamping device (chuck) of
the turning machine.

Journal of Materials Engineering and Performance

Theinteraction between the cutting feed and cutting speed
significantly affects the surface roughness, as shown in Fig.
8. The figure shows that increasing the cutting speed im-
proves the surface finish as the cutting feed decreases. This
supports the earlier discussion about the effect of decreasing
cutting speed on the surface roughness of the machined
workpieces.

The effect of the depth of cut is less significant on the
surface finish, as shown in Fig. 9. Generally, it can be said that
increasing the depth of cut deteriorates the surface finish. This
can be explained by the increase in the cutting temperature
due to the increase in the shear zone, chip-tool interface, and
workpiece-tool interface.
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The interaction between workpiece hardness and cutting
speed affects the surface roughness, as shown in Fig. 10, but
the degree of interaction is less than the interaction between

Main Effect: Cutting feed

1: /
6 /
_

4 [

Ra, micro-meters

0.05 016 0.25

Cutting feed, mm/rev

0.40

Fig.2 Main effect of cutting feed on surface roughness

the workpiece hardness and cutting feed. It can be observed
from Fig. 10 that increasing the cutting speed improves the
surface finish as the workpiece hardness increases. This sup-
ports the discussion above about the effect of hardness and
cutting speed on surface roughness of the machined workpieces.
Theinteraction also suggeststhat, to get adesired surfacefinish
and maximum metal removal, it is preferable to use high cutting
speed associated with high workpiece hardness.

The interaction between the depth of cut and cutting feed
is less significant, as shown in Fig. 11. The interaction reveals
that increasing the cutting speed and increasing the depth of
cut deteriorates the surface finish. This figure also shows that,
at high cutting speeds, the effect of depth of cut ismore profound
because of the possible increase in cutting temperature due to
the increase in depth of cut and cutting feed.

The interaction effect between the cutting feed and cutting
tool position is not very large, as shown in Fig. 12. However,
theincreases of cutting feed and tool position from the clamping
device deteriorate the surface finish. At high cutting feed, it
seems from the figure that the effect of tool position is more

Fisgal={1 0% qum '
Ha=334 s

Fegul =l 1& mumyriv

Ra=d.12 pm

Feed =25 mimdrev
Rar=5.42 pm

Feed =4 mm/rev
Ra=7.21F pym

Fig. 3 The effect of cutting feed on surface roughness profile of the machined workpiece (hardness of the workpiece = 247 HB, depth of cut
= 0.6 mm, cutting tool position from the surface of the clamping device, P = 40 cm, and cutting speed = 119 m/min)
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Main Effect: Hardness of workpiece

Ra, micro-meters

185 192 218 247
Hardress of workpiece, HB

Fig. 4 Main effect of workpiece hardness on surface roughness

Main Effect: Cutting speed

Q\\

Ra, micro-meters

38 49 88 19
Cutting velecity, m/min

Fig.5 Main effect of cutting velocity on surface roughness

2-way inferaction: Cutting feed and workpiece hardness

1
Hardness=165 HB
Hardness=192 HB
[ =218 HB

A Hardness=247 HB

Ra, micro-meters

0.05 0.18 025 040
Cutting feed, mm/rev

Fig. 6 Interaction effect between cutting feed and workpiece hardness
on surface roughness

significant at high cutting feed because of the increase in the
chattering effect as the cutting feed increases.

The interaction effect between the cutting speed and cutting
tool position from the clamping device is not very large, as
shown in Fig. 13. Generally, the increase in cutting speed and
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Main Effect: Cutting tool position from the surface of the clamping device.

Ra, micro-meters.

20 30 40
Cutting too! position from the surface of the clamping device, cm

Fig. 7 Main effect of cutting tool position from the surface of clamp-
ing device on surface roughness

2-way interaction: Cutting speed and cutting feed

14
Feed=0.05 mmirev
12 Feed=0.16 mmirev
:eed=0.25 mmjrey
© — 2ed=0.40 mmirey
) \‘—\‘
8, —
g I
2
2
[
o
4 | $ 5
¢
2
0
3% 49 88 119

Cutting speed, m/min

Fig. 8 Interaction effect between cutting speed and cutting feed on
surface roughness

Main Effect: Depth of cut

Ra, micro-meters

0.10 020 040 060
Depth of cut, mm

Fig. 9 Main effect of depth of cut on surface roughness

the decrease of the cutting tool position improve the surface
finish. This can be explained by the reduction in the chattering
of the cutting tool caused by the increase of the cutting speed
due to the decrease of the cutting tool position from the clamp-
ing device.

Volume 10(3) June 2001—287



2-way interaction: Cutting speed and workpiece hardness

14
Hardness=165 HB
12 Hardness=192 HB
Hardness=218 HB
A Hardness=247 HB
10
2
3 s
£
R S
E
c —
g l\‘
4
2
0
36 49 88 19

Cutting speed, m/min

Fig. 10 Interaction effect between cutting speed and workpiece hard-
ness on surface roughness

2-way interaction: Cutting feed and depth of cut

12 Depth of cut=D.1mm
Depth of cut=0.2mm
Depth of cut=0.4 mm

A Depth of cut=0.6 mm

Ra, micro-meters

005 016 0.25 040
Cutting feed, mmirev

Fig. 11 Interaction effect between depth of cut and cutting feed on
surface roughness

2-way interaction:Cutting feed and cutting tool position

cutting tool positian=20 om
m

12 ! cutting tool p [
cutting tool position=40 cm

1

B /
8
) t
0.05 0.16 025 040
Cutting feed, mmirev

Ra, micro-meters

Fig. 12 Interaction effect between cutting feed and cutting tool posi-
tion on surface roughness

The interaction effects between the cutting tool position and
workpiece hardness or between the depth of cut and workpiece
hardness or between cutting speed and depth of cut seem to
have little affect on surface roughness, as can be seen in Fig.
14, 15, and 16, respectively.
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2-way interaction:cutting speed and cutting tool position

cutting tool position=20 cm
12 cutling tool position=30 ¢m
cutting tool position=40 cm

Ra, micro-meters

36 43 88 118
cutting speed, m/min

Fig. 13 Interaction effect between cutting speed and cutting tool posi-
tion on surface roughness

2-way interaction: Cutting tool position and workpiece hardness

14
12 Hardness=165 HB
Hardness=192 HB
Hardness=218 HB
; HB
5
g e F E——
¢
2
£ 6
o
@
4
2
Q
20 30 40

Cutting tool position, cm

Fig. 14 Interaction effect between cutting tool position and workpiece
hardness on surface roughness

2-way interaction: Depth of cut and workpiece hardness

Hardness=165 HB
12 Hardness=192 HB
Hardness=218 HB

& Hardness=247 HB

10
g, —e——1¢
Es
g

4

010 020 0.40 060
Depth of cut, mm

Fig. 15 Interaction effect between the depth of cut and workpiece
hardness on surface roughness

3. Conclusions

The conclusions extracted from the present investigation are
as follows.

Journal of Materials Engineering and Performance



Fig. 16

Ra, micro-meters

2-way interaction: Cutting speed and depth of cut

Depth of cut=0.1mm
Depth of cut=0.2mm
Depth of cut=0.4mm
& Depth of cut=0.6mm

—— |

Cutting speed, m/min

Interaction effect between cutting speed and depth of cut on

surface roughness

The machining parameters investigated significantly influ-
enced the surface finish of the machined workpiece. In
generdl, the effect of feed was more profound than the
effect of other parameters such as workpiece hardness,
cutting velocity, depth of cut, and cutting tool position.
The surface finish generally improves with the cutting
speed and workpiece hardness and deteriorates with
increase in feed, depth of cut, and cutting tool position.
The increase of the cutting tool position from the surface
of the clamping device significantly deteriorates the sur-
face finish.

The effect of cutting speed and cutting feed on the surface
finish of the machined workpiece largely depends upon the
hardness of the materia being turned.

The most important interactions that affect surface

Journal of Materials Engineering and Performance

roughness of machined carbon steel were between the hard-
ness of the workpiece and the cutting feed, between the
cutting feed and the cutting vel ocity, and between the work-
piece hardness and the cutting speed. The interaction effect
between the cutting tool position and the workpiece hard-
nessor between the depth of cut and the workpiece hardness
or between the cutting speed and the depth of cut seems
to be of little significance on the surface roughness.
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