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Abstract

The objective of this work is to calculate the surface roughness of the mild steel (AISI 104@jegerk
turning under different eefiiendly cuting fluids as a coolant. The single point cutting tool is use
machining cylindrical shape specimen of mild steel. The soya bean oil, coconut oil, canola lmirriee:
normal coolant (servout oil) are the cutting fluids used in this operatiod also the machining proces
done in dry condition. A number of tests are performed with different cigpieeds, differentutting fluids
and with varying depth of cutSurface Roughness values are obtained from these experiments and
usedfor data analyzing the cutting process. The High speed steel tool is used for the experimenidie
experiments are carried out to find the variation of Surface Roughness with respect to thepaetiags
cutting fluids and the best cutting fluichder various cutting speeds and depth is found out. Thus f
alternatives for mineral based cutting fluids with environmentally friendly cutting fluids.
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1. Introduction

In metal cutting operations the use of lubricants is relatively recent as compared to the is¢oojrizdse
chariot wheels by the ancient Egyptians. Mineral oils were being extensively used as cuttini fthiels
machining ara by the miehineteenth century.
The lubricants are being utilized in all sections of industry for lubricating the machines anidlsatéout
80 to 85% lubricants being used worldwide are petroleum based oils. Use of petroleum basededil creat
adverseeffect on environment. The prime aim of all machining operations is to obtain to lower machining
costs by improving of quality and productivity of the operation. This aim can be achieved by nwehithie
highest cutting speed with long toal life, fewpart rejects and minimum downtime. A successful cutting fluid
must not only improve the performance of the machining process, but also satisfy a number aheatglire
that are noftoxic, norrharmful to health of operators, not a fire hazard, do notuym®dmoke or fog in use
and costless. The waste disposal after usage is considered as one of the main drawbacks ¢ihgsfiugisut
Mineral oil has poor biodegradability and thus induces the potential for long term pollutioreafvit@ment.
Also the availability of mineral oil is greatly dependent upon political considerations. Therefore, mgg can
assure the availability of mineral oil in the future. With the use of vegetable based cuttingafuals
alternative to mineral based cutting fluideetdemand for biodegradable cutting fluids has increased. The
vegetable based oils are also sustainable when compare with the mineral based oils that sardisteediily
depleting.

During machining operations the friction between tool andkvpace lead to rise in temperatures, which
results in decrease in dimensional accuracy and surface quality of the work piece. Cuttingajuide gual
role of lubricants and coolants by minimizing the friction betweenwaok pieces, toethip inteface. The
main purpose of lubrication is to reduce wear but it function as an insulating medium in transfodnzer
coolant in metal working processes. lhlabricants themajor partis the base oil and some additives are there
to impart desirable chasteristics.
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2. Literature Review

Cutting fluids are widely used in metal machining processes to remove and reduce heat duringignachini
operations. On one hand, the use of cutting fluids greatly enhances machining quality while esmsilyan
reducirg the cost of machining by extending tool life. The use of petrol®ased cutting fluids, however, has
been found to affect operators, causing medical problems such as dermatitis, while the dispestilidst
needs to follow special provisions to ¢agare of the environmental impact.

M K Vijayaprabhu [1] analyzed the performance of natural cutting fluids during turning operatioitdof
steel. The experiment is carried out by using edible oils such as coconut oil and sunflowesabdrds Along

with this normal coolant also provided. The experiment is done at dry condition also. They dnviug fhre
details such as the composition of mild steel, type of normal coolant used.

Gokul Gopan[2] conducted a case study on the effect of naturalnguftilids on turning operation. They used
rice bran oil as the natural cutting fluids. The experiment is carried out in dry condition atsmalérials
used are EN8 and EN9. The work is carried out on a CNC lathe. Both the work piece are checked using
different coolants at four different speed and feed keeping depth of cut constant.

B.SatheeshKumar [3] investigated the effect of vegetable oil as cutting fluid in turning of AISI 1040 steel.
They used Sulphur based Extreme pressure (EP) additives to enpamhining. The vegetable oils used are
sesame oil and coconut oil along with sulphur based EP additives. The experiment is carried earibgfm
lathe using carbide tipped tool. The oil used as cutting fluids is sabilbeesameil and coconut oiwith 0%

and 5% EP additives.

Julie Z Zhand4] evaluated the effect afoya bean oil in CN@nachining.They measured both tool wear and
surface finish and compared the result obtained with that of petroleum based cutting fluids. K ipéeeer
used is E5200- high carbon, chromium alloy steel. Petroleum based cutting fluids used is Castrol clear edge
6510.

Ojolo [5] experimentally investigated the effect of straight vegetable oils such as groundnotailstcoil,
palm kernel oil on cutting force during/mdrical turning of three materials(mild steel, copper, aluminium)
using tungsten carbide tool. Experiment is performed with different cutting variables such &g spetd,
feed rate, depth cut, spindle speeds, Experiment shows that cutting falféefent vegetable oil depends on
material, as highest reduction in cutting force is obtained when aluminium is turned and groiuindsut o
cutting fluid.

Lovel M [6] used blend of canola oil and boric acid as lubricant for deep drawing operation chstetel
Friction value is measured by using strip tensile friction simulatds.dbncluded that blending of canola oil
and boric acid has steady friction value and which is 44% less than commercial fluid. Surfacesowghre
was also lower than treammercially fluid and formability of steel also increasedfending.

3. Properties of Natural Cutting Fluids

Bio lubricants havemany valuable and useful phgshemical properties. They offer practical advantages
unlike those of typical petrolewtrased lubricants. Bio lubricants have high lubricity, high flash point and low
evaporative losses. Overall, vegetablebaited lubricants exhibit several excellent properties compared with
mineral oils.

(a) Viscosity Index: The Viscosity index indicates ahges in viscosity with changes in temperature. A high
viscosity index indicates small changes in temperatunereas low viscosity index indicates high changes in
temperature. Vegetable dibsed bio lubricants have higher viscosity index than miméslwhich ensures
that bio lubricants remain effective even at higher temperatures by retaining the thicknessilofilthe o
Hence, bio lubricants are suitable for a wide temperature range.

(b) Viscosity: It is one of the most important properties o donsidered in the selection of oil. It indicates
resistance to flow, and is directly related to the temperature, pressure, and film formationisklogityv
indicates high resistance to flow and vice versa.

(c) Flash point and Fire point: The minimum tenperature at which a lubricant must be heated before it
vapourises is known as its flash point. The temperature at which a lubricant continues its coriwitstfe
point. Due to the higher flashpoint of vegetablehaited bio lubricants there isdedsks of fire in case of a

lubricant leak.
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(d) Oxidation stability: It is the ability to exhibit resistance toward oxfieming tendency with increases
in temperature. Low oxidation stability denotes the ability of oil toiesicapidly during use; ift is untreated
it becomes thick and polymerizing to a plastic like consistency. Bio lubricants have poor oxsthitity as
base oil and hence oxidation inhibitors are required.

(e) Pour point: It is the lowest temperature at which oil flows or powsgetable oil based bio lubricants
have lower pour points when compared to mineral oils, thus providing excellent lubrication fetacsd

(f) Anti-wear properties: Boundary lubrication occurs when the viscosity of the selected oil sample is
insufficient to prevent surface contact .Antear additives provides a defensive film at contact surface to
reduce wear. Ardivear property is identified by standard laboratory tests. Vegetalbas#d bio lubricants
have better antivear properties than miraroils

The triglyceride structure of vegetable oils provides the desirable properties to use it asaatlubvitg,
polar fatty acid chains provide high strength lubricant films wapgplied to metallic surfaces and thereby
reduces both friction and wedhe high flash point correlates to a very low vapour pressure and volatility thus
reduces the potential hazards during Bse&theyhave poor oxidative stability as compared to mineral oils and
in general they cannot withstand reservoir temperaturesattC.

4. Surface Roughness Measurement Techniques

Generally speaking, the techniques of measuring roughness of machined parts can be classified into t
categories, contact and roontact surface roughness measurements technique.

4.1 Contact Measuement Techniques

An instrument used to measure surface roughness is a stylus profiler. This instrument uses astlj@usond
profiler to directly touch the part’s surface and measure its surface roughness value by avezagihgtin
the cutoff. The gylus profile is one of the most widely used instruments to measure contact surface roughness
in industry and academic laboratories. Its advantage are easy and quick to use, good repeatdbility,
relatively inexpensive. TheRalue from a profiler is uslly employed as a basic index, which is taken and
compared with other surface roughness measurement techniques.

Another surface roughness device is the scanning force microscope (SFM), which is used to study the
characteristic of precise surface rouglsnesich as precision machined surface roughness. Adimeasional
(3D) image at any rotation angle can indicates roughness heights. The measuring sample is fixed on a
piezoelectric scanner. The piezoelectric scanner travels the measuring sample oriztetah and y
directions. The vertical-direction movement of the measuring sample is obtained by a stationary tip mounted
on a cantilever. The tip contacts the surface roughness of the measuring sample and applié@@small

4.2 NonContact Measurement Techniques

Monitoring surface roughness is often done by manual contact inspection of part surface usipgoditgss
However, manual contact inspection is time consuming. Thus, severantatt measurement techniques
have been developed teduce measurement time, such as fibre optics, ultrasonic, machine vision, etc. These
can be applied in the surface roughness measuremenpmfdass machining.

Surface roughness is also measured by one of tiffeeedt methods: profile, area and comipan.
Profile: The profile method of surface roughness measurement is the one in most general use. It consists of
measurements taken with a stylus of a single line, of a designated length, that is represertetieatot
surface
Area: capacitance, mical and pneumatic systems are employed to measure an area of a surface and, when
compared to a known acceptable master, may be used to check a process. A profile check is sedhially u
conjunction.
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Comparison: surfaces with a comparatively “rough”rface texture requirement (above inch) may be
compared with a known sample such as an approved sample part or with commercial standard roughness
specimens. The check is made by visual comparison and sometimes by tactual fingernail.

Stereoscope comparison microscopes are also deadabl usually used in the surface roughness range of
IURP LQFK WiRch or above. In this study widely used parameter in research and industry, average
surface roughness (Ra) is selected as a response variable. For its measurement, thefiktyinstnoment
(contact type) is used. Among its many advantage are that it is easy and quick to use, has gjabilitgpe

and is relatively inexpensive as explained.

5. Instrumentation and Experimentation

The machinery used is conventional latheBbarat machine tools with product name NAGMATI 175 lathe
machine and for the roughness testing of the specimen highly accurate surface roughness measering de
named SURFTEST SJ4perthomete(MITUTOYO) are usednd is shown in the figure 5.1

bl e

BEE -] -1

Fig. 5.1: Roughness Tester (SURFTEST SJ410)

Perthometer is an Electronic Instrument used for measuring the surface roughness value of technical
surfaces. It contains the following parts:
(a) Pick up: This is a sensing device which has skid and stylus whiatdiamond pointer.
(b) Drive unit: It guides and moves the pickup during the traverse over the measuring surface in required
direction at constant speed.
(c) Perthometer: It provides the readout of the computed surface roughness vaii&s, (Rnay).

o
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It also consists of a magnification selector switch, traverse length selector switch, roughmgss sele
switch and instruments zero tuner.
Working: The stylus is made to move across the surface of specimen and the mechanical /electrical
trandormer generates electrical signals corresponds to the effective surface. These signals ardifieelh amp
filtered and transmitted to the connected indicating or recording unit.

Calibration: Position the pickup on the calibration master and align ttesssuch that it is parallel to the face
of calibration master by using height adjustment on the drive unit. Position the stylus immédxdiatetythe
measuring groove. Then set the surface value selector in position ‘P’, magnification syisktionP = 10 /
P IRU SLFNXSV ZLWK UDQJH P 3 P DV SHU WKH PDQXIDFWXUHUTV
master towards the drive unit until the stylus has reached to the center of measuring groover. dhdiak
give areading as per the valorethe calibration master. If the meter is not adjusted to required instrument zero
value adjusts it with the help of a screwdriver. Finally pull the calibration master back taiitslgpiosition
and ensure that indicator return to zero.

5.1 Material

The material selected for the experiment is AlSI 1040(EN 8) grade Steet EN8 is a popular grade
of through hardening medium carbon steel, this is machinable in any condition. EN8 is suitable for t
manufacture of parts such as axles, shafts, dealts,etc.

The various advantages of EN8 include easy machinability, low cost, ease of availability, mostly
suited for machining with HSS tool. For the experiment we are using high speed steel as tdall sivater
ENB8 provide bettemachinability with HSS tool.

5.2Experimental Design

o)

Fig. 5.2: Work design

The experimental design is done on SIEMENS SOLID EDGE V20 .The experimental dssign
shown in the figure 5.& as follovs:
The 120 mm length work piece is divided into two @dualf of 60mm. A parting is provided between two
regions. The length of parting is 11 mm. Initially we are planned to make the turning operatiorliterent
speeds. The 32mm diameter is initially turned tb30m. After the parting clearance andich clearance the
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length of the part is measured to be 99mm. The experiment is carried out at constant feed arttldbpth
speed is varied. The depth of cut provided are 0.5 mm, 1mm, 1.5 mm. Machining is done on eacly 16mm b
varying the depth of cigtndobtain the steps with final diameter as 280529mm,28.5mm

5.3Experimental Procedure

Fill the oils in the oil cans and colour coding are given for identification. Proper colour cedjivgin to each
type of cutting fluid. The application of coolast done manual by means of oil can and providing a constant
feed rate. The specific coolant is applied to each work material throughout the machining. Tie dook
under twospeedsand the depth of cut varies for each 16mm length of the work. The degptt is 0.5mm,
1mm, 1.5 mm respectively.

Fig. 5.3: Turning operation

The machining is done at different speed and depth of cut on the lathe machine. The speed hispchiarkR
500 rpm respectivelylhe figure 5.3 shows the image of turning operati

5.4Roughness Measurement

Fig. 54: Surface roughness testing

o
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The figure 5.4 shows the surface roughness testing equipment used in thisovatke surface roughness

measurement of the completed work first of all place the work piece onrflaees platewith v-block.. Then

VHW WKH 6XUIDFH YDOXH VHOHFWRU LQ SRVLWLRQ p3TRDOQSLWNHSFDJIQLIL
ZLWK UDQJH P 3 P DV SHU WKH PDQXIDFWXUHUTV VA HFAVLRDWUW R Q 7
the object and align the stylus such that it is in parallel with the face of the object withpghef height

adjustment knob (this can be monitored through the screen which indicates the position of then dtydus

measuring surface, i.e. if the stglis parallel to the measuring surface, the indicator in the monitor moves to

the centre of the white area). The zero adjustrkaobs are adjusted to set the meter to ‘Now set the

surface value selector to required magnification gritRe. The cutoff lengthis noted for the selected traverse

length. Then push the press button to start the measurements and note down the reagiffgamd Rnaxby

selecting the surface value selector knob. The measurements are repeated for different trathsrse leng

6. Results and Discussion

In this section, the result obtained during the surface roughness using various environmeditakcirieng

fluids in turning operation of Mild steel have been tabulated. The experiment has been condiirtieduto

the surface roughness of the finished work piece made of mild steel (AISI 1040) by varying machining
parameters which are cutting speed (v), depth of cut (d) and keeping cutting feed (f) constant.

Table 6.1: Experimental Results at 325pm and 500 rpm

S| Speed Feed Depth of Surface roughness, Ra (um)
no (rpm) | (mm/min) | cut (mm) Dry Soya | Canola| Rice | Coconut| Servo
condition | bean oil oil bran oil oil cut il
0.5 3.812 4.076 4.262 3.912 4.097 3.448
1 325 38 1 4.682 4.456 3.267 3.519 3.74 3.518
15 3.869 4.689 3.031 4.058 4.194 3.743
0.5 4.039 4.639 4.153 4.316 3.441 4.011
2 500 38 1 4.288 3.725 3.771 3.127 4.436 3.761
15 3.949 4.178 4.819 3.661 3.115 3.847

Using the data obtained various graphs are plotted. The @ablshows the inv&igation table used for

experimentation.
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Fig. 6.1 Variation of surface roughness at Dry condition
The surface roughness obtained while machining the work in dry condition for both the speedsvara sho

the figure6.1 It is observed that the maximum roughness value is obtained for 1mm cut and afterfttat
roughness reducing with increasing depth of cut.

Fig. 62: Variation of surface roughness by usingsoyabean ail

The surface roughness obtained while applyingisean oil during machining for both the speeds are shown
in the figure6.2 It is observed that by using soyabean oil at higher speed we got good surface finish. It is due
to the higher viscosity of the oil.
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Fig. 6.3: Variation of surfaceroughnessby using Canola oil

The surface roughness obtained while applying canola oil during machining for both the speedwraia sh
the figure6.3. It is seen that when using the canola oil the better surface finish is obtained et sgead and
at a higher depth of cut.

Fig. 6.4: Variation of surface roughnesdy using Rice bran oil

The surface roughness obtained while applying rice bran oil during machining for both the spskedwiaia
the figuré.4. It is observed that a better surface finish value is obtained at 1mm depth of cut for both the
speeds.
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Fig. 6.5: Variation of surface roughnessy using Servo cut ail

The surface roughness obtained while applying senaktdtring machining for both the speeds are shown in
the figuré.5. It is observed that a better surface finish value is obtained at lower depth of cut at a 8g&ed of
rpm.

Fig. 66: Variation of surface roughnesshy using coconut oil

The surface roughness obtained while applying rice bran oil during machining for both the spsked&iaia
the figure6.6. It is observed that a better surface finish value is obtained at higher depth of cut at a speed of
500 rpm.
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Fig. 6.7: Variation of surface roughness at 325 rpm
The figure6.7 shows the comparison of data obtained while taking the surface roughness measurement of the
tested specimen machined at a speed of 325 rpm at different conditionghBrgraph it is inferred that the

canola oil provide the best result when compared with all other natural oils. For canola oil audaee
roughness value is obtained at higher depth of cut when machined at 325rpm.

Fig. 6.1: Variation of surface roughness at 500 rpm

o

V. D. Prabhul and Praveen D. Dethan URAME




Vol.4 Issue 6,
June 2016

Pgs: 3&49

The figure6.8 shows the comparison of data obtained while taking the surface roughness measurement of the
tested specimen machined at a speed of 500 rpm at different conditions. From the graph itdghafetie

rice bran oil provide the best result at 1mm depth of cut. The coconut oil also shows a sintilat hegher

depth of cut when machined at 325rpm.

7.Conclusion

Thus it is concluded from the results found out in the previocsoss, at 500 rpm coconut oil is
having higher surface finish, and also at 325 rpm canola éiduind to be effective. Sineeo-friendly fluids
are used, the operator had not found any difficulty while doing machining operation and alsdspbgagd
the cutting fluids. It is found that eddendly cutting fluids are having more surface finish than the
conventional cutting fluids . The reusability of cutting fluids has been increased and hencerrédubtacost
of cutting fluid. The best surfacenfsh is obtained from the Canola oil with an average surface finish value of
P DW WKH FXWWLQJ VSHHG RI USP DQG PP PLQ BRWLDW USP
with average roughness of 3.127um at 38 mm/min. The surface roughhesofvthe vegetable oils is less
than the normal coolant used. Hence it can be concluded that, the vegetable based coolantsdeosses®
good properties and stands next to the coolants derived from petroleum products. Vegetable lbasedamo
be well utilized as a suitable and possible alternative for mineral oil based coolants considering the
environmental issues of pollution and wastage accumulation.
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