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Abstract

In order 1o establish, the pattern of surface
characteristics  against  some  nput machining
variables; this study was carried out on the effects
of cutting speed and feed rate duwring turning
process on the surface characteristic of ithree
different metals — aluminmuon, brass and mild steel.
The cutting force decreased from O700N 1o SYNIN
when the cutting speed mereased from 3.20m/s 1o
7.30m/s. Correspondingly. the surface friction co-
efficient decreased from 0338 1o (1.236. The
cutting force increased with increase in feed rate
with corresponding increase i co-efficient of
friction. The increase in cutting force  with
increased  federare  simply  implies that
machinability decreases with feed rate m the
order aluminum, brass and nuld steel The
corresponding increase in co-cfficient of friction
with increasing feed rate implies that surface
roughness increased with feed rate. Co-efficient of
friction and cutting force both decreased when
cutting speed is increased leading 1o decrease in
surface roughness. It is concluded that a high

cutting speed combined with lower feedrate will

produce a smooth surface finish and also physical

property of material such as hardness affects the

response of material to machining operation.

Keywords: Cutting Speed, Feed Rate, Surface

Characteristic, Cylindrical Machining.
1.0 INTRODUCTION

Manufactured machine components are expected
to meet certain degree of surface fimish m order to
fit and perform reliably i service. The service life
of mechanical components is strongly influenced
by their surface integrity. The required degree of
surface finish is specified to guarantee smooth
surface. great accuracy to tolerance level and a
good aesthetic value. The profiles created during
machining operation are critical in determining
the nature and extent of residual stresses and
metallurgical change/damage  that accompanied
the process. The generation of good surfuce fimsh
in machine component is not only process
determined but is also affected by the process
variables [1-2]. Fur' instance, the character of
surface finish produced in milling, grinding. and
turning operations are not the same. The choice of

a particular process is dictated majorly by the
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imtended service conditions [3]. The development

of good surface character in a chosen machining

operation 1s greatly influenced by the interplay of

the process variables. Some of these variables are
cutting speed. feed rate. depth of cut. the cutting
angles. ool materials  and  geometry, type of
material being machined and  lubricanon  [4].
These parameters affect surface characteristics in
terms  of surface fricton co-efficient. surface
roughness value. and the surface smoothness. and
waviness prohiles developed during machining
operation. These effects are developed by the
combhination  of  the cutting  force  and  the
progressive merease i temperature generated
both the tool and work piece as muchining
operation progresses. For instance, cutting force

has a significant influence on the dimensional

accuracy.

Liu et al [5], investugated the cuting force
distribution in cutting tests of titanium alloy
terms of the size effects of undeformed chip
thickness, the influence of effective rake angle
and the chips flow angle. Their result indicated
that the cutting force distribution in the cutting
process has a significant effect on the dimensional
accuracy of the finished part. That is, the cutting
force generated during machining operation is a
ensuring  dimensional

cntical  parameter  in

accuracy.

Several research works had been carried out on

the interplay of process variables in relation to the

surface charactenistic develop in material during
machining operations. Saglam ¢t al [6] measured
the cutting force and temperature  variation
developed as an effect of the change in rake angle
and approaching angle of the cutting tool in
machining an AIS1 1040 steel hardened at HR40.
They posited that a small rake angle generated a
high cutting force and attendant increase

temperature  with the possibility of inducing
metallurgical change in the workpiece. Reddy and
Rao [7] studied the effect of solid lubricants on
cutting force and surface quality in end milling.
The kernel of their work was the substitution of
the conventional cutting fluid with solid lubricant
for desirable control of cutting temperature. Their
work investigated the effect of graphite and
molybdenum disulphide as solid lubricants on
surface quality. cutting forces and specific energy
while machiming 1045 steel using cutting tools of
different  geometry in companson with  wet
machining. The result of their study indicated that
there was a considerable improvement in the
process performance with sohd lubricant assisted
machining as compared to that of machining with
cutting fluids.

The intluence of feedrate in providing high
precision and efficient machining in terms of
surface roughness and dimensional accuracy was
demonstrated in the work of Baek et al [8]. Their
work sought to optimize the feedrate in a face
milling operation using a surface roughness

model. The developed model was validated
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through cutting experiments; and it was used to
predict the machined surface roughness from the
information on the insert run-outs and the cutting
parameters. They inferred that from the estimated
surface roughness value. the optimal feedrate that
gave a maximum material removal rate under the
given surface roughness constraint could he
selected by a bisection method. Al these
described past works were centrally concerned
with the generation of good surface finish and
dimensional

maintenance  of accuracy n

workpiece during machining operation.

The ability to produce a good surface finish on a
particutar manufactured component i machining
operations depends on understanding how the
various contending process variables play on one
another to affect, ulumately. the character of the
surface of a machined component. The ohjective
of this work is to investigate the effects of cutting
speed and feed rate on surface characteristics of

some metals dunng cyhndrical turning operation.

2.0 MATERIALS AND METHODS )
2.1 Experimental Apparatus
The specimens used for this study  were

normalized mild steel tube (0.2%C. 0.8% Mn).
brass and aluminum. The cutting tool used was 4
carbide tool-brazed-on tungsten carbide (Seco-$4)
— material whose geometry is given in Table 1. A
lathe machine  with all

centre necessary

attachments (dynamometer. tachometer) in the

University of Lagos, Faculty of  Enginecrine

workshop was used for the turning operation.
Table 1: Geometry of the experimental

cutting tool

Clearance Angle 2"
Side Clearance Angle 8"
Approach Angle 90"
Plan Angle 10"
Side Rake Angle 5
Back Rake Angle o

2.2 Experimental Procedure
The experimental set-up consisted of a4 centie

lathe machine on 1o which the cylindricul

specimen.  the  cutting  force dynamometer.
tachometer and the work piece were ftrmly
attached.

The metal  thes  were individually  nigidly
positioned on the lathe machine beflore turning
operation was commenced. Three samples 200mm
tong of each of the specimen were used for the
study. Four lathe machine speeds of 245, 330, 450
and 575 rev/min were used for the turning

operation.

Turning operations were carried out on the three
different metalfic specimens - mild steel. brass
and alumimum tubes respectively using a brazed-

on-tungsten carbide cutting tool. The specimens
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were marked into four different portions with a

partitoning  tool  before  each  portion  was

machined at the four selected lathe speeds.

The wvalues of horizontal and vertical cutting
forces were obtained with the aid of the lathe
dynamometer using equations | and 2 respectively
while machming the specimens at varying cutting
speeds and feed rates. These values were used to
obtam the resultant cutting force via equation 3.
The friction co-cfficient was evaluated using

equation 4.

I = horizontal reading x 23900 N/m (1)
F. = vertical reading x 25900 N/m (2)
where.
F. = honzontal cutting force: Fv = vertical cutting
force

R (B BAPR (3

The fricuon co-ctficient ps given as
F.o+ Fan(f)

- - (4)
Fo=F. tan( )

"“ =

where. f} = tool rake angle

3.0 RESULTS AND DISCUSSIONS
31 Results
3.2 Discussion of Resulis

Figure | is the graph of friction co-efficient

against feed at constant speed. The graph shows
that friction increases with feed. The higher the

co-cthicient of friction the higher the degree of

surface roughness. The increase in co-efficient of
fricion decreases as cutung speed increascs.
Figure | revealed that at a particular feed level of
approximaltely 0.lmm the frictional co-efficient of
mild steel are almost equal. At this level it is
expected that the mild steel and brass would have
the same surface characteristics. This indeed was
the realy. At this level of feed however,
aluminum retains 1t low value of frictional co-
efficient. At feed levels less than 0.1mm the
frictional response of mild steel is higher than that
of brass. The brass momentanily at feed levels
greater than O.1lmm but less than 0.12mm had a
co-efficient.  The  surface

higher  {ricuonal

charactenisiic of the brass at this situation was
rougher compared to the nild steel. The surface
roughness decreases to obtain a smoother surface
fimsh and continuous chips corresponding  to
progressive decrease in co-efficient of friction.
The surface roughness increases from aluminium,
brass 1o mild steel. This scenario of the co-
efficient of friction is related to lh-;* hardness of the
material in reference to the machinability of the
materials |9]. The higher the hardness of the
material, the higher the cutting force and the
higher the friction co-efficient produced hence,
poor surface is produced. In terms of structural
mechanics, increased cutting force leading to
higher frictional force is generated as a
consequence of strain hardening. This implies that
higher shear stress will be required to initiate ship
and material cleavage which eventually causes the
chips removal, This apparently leads to increased
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temperature 1 both the specimen and the tool
matertal. If the temperature is high enough. 1t may
lead to metallurgical transformation in the various
work picces. The dimensional accuracy and the
quality of machining are affected in the process.
The energy consumption is equally affected.

Figure 2 imvolved the direct vanation of resultant
cutting force with feed for the three different
materials at constant cutting speed of 4.32m/s.
The generated cutting force given by equation 3
increases with increasing feedrate for all the three
different test materials. Mild steel developed the
highest stream of result for cutting forces while
aluminum had the least spectrum. This is due to
the differential response of these matenals to
plastic deformaton. The different test samples
have different  yield strength - aluminium
(35MPa), brass (217MPa) and mild steel
(347MPa) respectively [9]. The implication of this
is that plastic deformation will occur readily in
due to the

aluminium and least in mild steel

amount of force required to initiate plastic
deformauon. It is apparent from Figure 2 that the
effect of feed on resultant cutting force is most
prominent in mild steel. At lower feed rate of less
than 0.09mm, the differential resultant cutting
forces associated with the three different materials
are very marginal. However, at feed levels greater
than 0.09mm, the response of resultant cutting
force to change in fee was very strong in mild
steel. The mild steel had a very wide margin of
both brass and

differentials compared to

aluminum. This is best explained in terms of the
strain hardening tendency of the matenals. Strain
hardening effect 15 most significant in nuld steel
and thus mild  steel  delivers  great  plastic
deformation resistance 1o chips formation. Hence,
the very high value recorded in the resultant
cutting force for the mild steel specimen. The
surface characterisue of the mild steel specimen at
this level of feed 1s very rough with heavy
intensity of burrs. The cutting forces for brass and
aluminum  were  however  approaching a
convergence. The surface characteristics of brass
and aluminum at these conditions had a smooth

texture.

Figure 3 displayed the frictional force response to
changes in cutting speed at constant feed. The
figure revealed that frictional force decreases with
increase in cutting speed across the three test
specimens investigated. A critical analysis of .

-

Figure 3 revealed that the fall in frictional force
with increase in cutting speed 1s most pronounced
in aluminum and least in mild steel. Machining at
higher cutting speed leads to high friction between
ool and workpiece. This can result in high
temperature which tends to structurally anneal the
specimens and makes material removal in form of
chips quite easy rather than the strain hardening
that takes place at lower cutting speed. This
definitely requires less cutting force and low
energy cost in terms of power consumption. When
the temperature generated due to frictional force is

rather high very close to or at the softening

60



NSE TECHNICAL TRANSACTION Vol. 41, No. 3 July = Sept. 2006 Ojolo, Amuda, Yusuff, Lawal & Ogunmola

temperature of the material. the material softens because as cutting speed increases. machining
and the surface characteristic ot the finished becomes adiabatic and the heat generated with
component becomes poor due o the formation of increased cutting speed in the shear zone cannot
severe contours and burrs. In the present study. be conducted away during the very short time in
the progressive decreasc in co-ctheient of fnction which the metal passes through this zone i
as cutting speed increases mplies  that more Therefore, the temperature  rise  softens  the
muaterial will easily be removed. The significance material aiding grain boundary dislocation thereby
of this is that muachmahility ncreases  with reducing cutting forces across the three materials
increase in cutting speed while cuting forees as apparent in Figure 4.

reduces. The increase in machinabihity s m the

order mild steel, brass and aluminum. This is The grain boundary dislocation which enhances
because the tendency for structural anncaling at material removal 1n the form of chips at high
high  temperature  1s  higher in non-ferrous cutting speed 1s highest in aluminum and least in
materials compared to ferrous materials, mild steel. This implies that increase in cutting

speed enhances case of machining. The increase

Figure 4 displaved the cutting force response to in machinahility is in the order mild steel, brass
changes i cutting speed at constant feed. In the and alummuom Mild  steel had  the  highest
figure. the cutting force decreases with increasing hardness 1 vod by brass and then aluminum.
cutting speed  across all the  three  materials Thus. the morcase in surface roughness from
imvestigated as in Figure 3. aluminum through brass to mild steel.

The resultant cutting force or what 1s generally 4.0 CONCLUSION

referred to as machining force 15 one of the

important criteria by which the performance of The work has revealed that cutting forces and co-
any muachining process can be evaluated. The elficient  of friction generated in a typical
cutting force determines the power requirement of machining process are affected by machining
the process 19 The intensity of heat generated parameters such as feed rate and cutting speed.
depends on this force and it 1s very crucial as far The cutting force increased with increase in feed
as the machining temperature and surface quahty rate with corresponding increase in co-efficient of
of machined materials are concerned. friction. The cutting force and co-efficient of

friction both decreased with increasing speed. The
Figure 4 revealed that as cutting speed increases increase in co-efficient  of  friction  with
the cutting force decreases. This trend is expected corresponding increase mm cutting force implies
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that  machmability decreases i the order

aluminum, brass and mild steel. At feed level of

approximately 0.1mm, the frictional co-efficient
of mild steel and brass are almost equal and at this
level the mild steel and brass had the same surface
characteristics. At feed rate lower than  N).09mm,
the difterentual resultant cutung force associated
with the three metals is marginal. However, al
feed levels greater than 0.09mm. the mild steel
had a wide margin of differentals. The work has
revealed that machining  different metals  at
feedrate of less than 0.09mm requires minimal
cutting force and thus minimum cnergy is
consumed. But at feedrate greater than 0.09mm,
machining of mild steel consumes more cnergy
than either brass or aluminum. Knowing this
behaviour will assist manufacturing industries in
optimizing the feedrate in order to conserve

energy consumption.

It 1s concluded that higher cutting speed combined
with lower feedrate produces a smooth surface
finish. Also. physical property of materials such as
hardness affects the response of material to
machining operation.
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Fig. 1: Effects of Feed Rate on Friction Co-
efficient at Constant Speed of 4.32m/s
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Figure 2: Effects of Feed Rate on Resultant
Force at Constant Speed of 4.32m/s
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APPENDIX 1

Table 2: Effects of feed rate on surface smoothness at constant cutting speed of 330 rev/min (4.32m/s)
Material Feed Cutting Forces Friction
Rate co-efficient (p)
! - Fy _Fa 5 N S
Brass 0.06 2952 536 3000 0.273
0.08 34460 BO4 3500 0:327
0.10 3750 1072 3900 0.383
0.12 3864 1608 4010 0.387
Aluminum 0.00 3235 650 3300 0.264
0.08 3108 804 3499 0.294
0.10 3620 938 3781 0.354
0.12 3844 1072 3991 0.376
Mild steel 0.06 2590 536 2645 0.300
0.08 3108 804 3210 0.354
0.10 5180 1472 5290 0.381
0.12 0470 1897 7885 0.391
Table 3: Effects of cutting speed on surface smoothness at constant feed 0.15mm
Material Cutting speed Cutting forces Friction
r.p.m. (m/s) ~ co-efficient (p)
- Fy Fu R
Brass 245 3.21 6481 1700 6700 (.358
330 4.32 6245 1400 6400 0.318
450 5.89 0164 1300 6300 0.287
575 7.53 5838 850 5900 0.236
Aluminum 245 v 32l 6679 2830 7010 0.402
330 4.32 0465 1660 6675 0.352
450 5.89 0273 1500 6400 0.334
575 7:53 6185 1400 6300 0.286
Mild steel 245 3.21 6245 1400 6400 0.317
330 4.32 6165 1250 6290 0.295
450 5.89 5926 1000 6070 0.260
575 7.53 5608 045 5645 - 0.205




