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INTRODUCTION

To achieve useful engineering applications, medanbon steel is heat treated to make balance be
its mechanical properties such as; hardness, siredgctility, etc. That means, a harder and steongetal is
achieved with hardening. But, with softening preess a softer and more ductile metal is obtained wiproved
toughness and refined grain size. That is, heatrtrent of metals is done to change their physiedlraechanical
properties. The effect of heat treatment on theaasicucture of metal is related to the machinapiit the cutting
parameters of that metal directly. Heat treatmeas the ability to convert the mechanical propertash as

toughness, ductility or strength of a material iotber useful properties ([1], [2]).

The heat treated samples have better surface resghthan the non-heat treated after machini
Also, surface roughness improved with low cuttipged for samples after heat treatment. No effebaadness on
cutting force and machinability but arise the buiit edge (BUE) at lower speed. While, decreasieghtérdness
leads to increase the surface roughness ([3], [4]).

There are some factors such as tool geometry, ke and cutting conditions, which affect t
performance measures and quality of machining. Tdaeyalter the material removal rate, tool wear kad to
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poor surface finishing if not properly selected tloat work. The feed and depth of cut (DOC) haveféect on the cutting

force and surface roughness, but no significahhémice on cutting speed ([5], [6], [7]).

Wet machining and high speed with decreased feedeaused to obtain an improvement of surface noegh
During wet cutting, cutting depth reduced to h&b, the power consumption decreases even if the ifeéncreased.
Apparently, with wet and dry cutting the depth af bas an effect on cutting force while the feed autting speed have
less effect. Accordingly, the depth of cut has mpartant influence on materials removal rate, whildting speed and

feed rate have slightly less important influencapestively ([8], [9])

It was shown that the effect of depth of cut aretifeate on cutting force is larger than the efédatutting speed
with all results. On the other hand, with incregsieed and depth of cut, the cutting force incrddsat at high speed the
cutting force decreased. For different materiat® increase of depth of cut led to increase thdingutforce.
On the contrary, the cutting force which was higthvieed, and less with the depth of cut, alsoéased with increasing

cutting speed using special cutting tool of turnjiid], [11], [12]).

It is known that the cutting force with wet cuttifgless than that in dry cutting. It decreasesrdfardening and
tempering processes of medium carbon steel. Corastlgjuannealed and hardened samples have finacsufihish after
dry machining due to the chips is altered from gamus into discontinuous. Tempering and annegliragesses give

further easy cutting and fast deformation of chtpis leads to fine surface finish too [13].

Previous studies mentioned a big difference in ltesof cutting forces between quenching and nomiradi
processes due to rapid cooling with quenching ih ari water. In this study, quenching in polymer wimn
(Polyethylene glycol M. W.400) is used. Coolingeratising this solution, is fast at the beginnind aomewhat slows at
the end. It is expected that the hardness resuftsranalizing and quenching are converged, leathagdirect effect on the

machining operation, which is the main aim of #tisdy.
EXPERIMENTAL PROCEDURE

The samples were made of medium carbon steel snsthidy. The samples were machined before and rader
treatment by a lathe machine with ceramic cuttimg) tising dry machining. The specific cutting pae#ens as cutting
speed, depth of cut (DOC) and feed have been chaseording to type of test. Hardness test was arteduusing
(Digital Display Micro hardness Tester Model HVSOD). Surface roughness measurements were achidiethg a
testing device (Surface Roughness Tester, mod6|: PA620 Stand& column). Microstructure examinatafrthe surface
was obtained by a camera mounted on an opticabstdope at magnification of60x. The cutting forceswalculated by a

device type (IEICOS Multi component Digital Forealicator- model 652).

The process of heat treatment for the first groag theating the samples to the austenitizing teriyreré850°C),
and then directly followed by cooling in a polymsslution to room temperature, then heating to (€30fith holding
time of one hour inside the furnace. After thatolow followed by still air to achieve the tempagirprocess.
The second group was heated to austenitizing teahper (850°C), and then cooled by still air as emadizing process.

The samples were held for 1 hour inside the furrfiacéhe two groups during quenching and normatjzinocesses.
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RESULTS AND DISCUSSIONS

The microstructure of medium carbon steel aftetihgaabove the critical temperatureA3 (800°C) isncerted
directly into austenite. However, with longer timeheating above this temperature, the hardnes®ases due to larger
grain size (Crystalline growth) accompanied by dase in grain boundaries. When the carbon stegliesched after
heating above (A3), the hardness is increased \dthering strength due to the deformation of theriter
Naturally, ferrite absorbs (0.025% C), but in theegched state, it is forced to absorb more thanrdtio. It has now an
unstable and deformed (BCC) crystal structure Jéth strength and difficult to operate. So, it isnggered to get soft

granules, higher toughness and less brittle streictu

The microstructure of the base metal is revealefigure (1, A). It shows an untreated sample stmectwhich
contains ferrite (bright regions) and pear lite rkdaegions). The amount of pear lite is larger thhat of ferrite.
The hardness for this structure was 167HV as shawable (1). Figure (1, B) shows the microstruetwith ferrite and
lamellar pearlite after heat treatment, when samplere heated to 850°C, then air cooled as norimgliprocess,
with hardness 209HV. In figure (1, C), the sampilese quenched from the austenizing temperaturedmtemperature
rapidly in a polymer solution to obtain martenstaucture. This structure has hardness up to274tyure (1, D) shows

the microstructure after tempering, and the harsiness 191HV.

The structure after normalizing process is muclyieun than in any other heat treatment. The festitecture has
fine grains and closer spaces of pear lite werméor due to the effect of cooling rate that is slothan cooling in a
polymer solution. That led to improve the roughn@saier values) as shown in figure (3). Becausediaing was not
fast enough, the carbon atoms would reform astéefrom austenite and the refined grain structthie;toughness and
machine ability improved with an increase in cugtiiorce as feed and DOC increased compared toaiattesamples

illustrated in figure (2).

Usually, during quenching in polymer solution thieras of carbon are diffusion due to formation o&ipkte and
the grains are smaller than that in normalizingatTleads to increase of grains boundary which aggehardness and
therefore increase cutting force, figure (4), coredao normalizing. However, the roughness valuesewelose to that of
the normalized samples as seen in figure (4), lsecauen though cooling was fast at the beginnistpived at the end.
That means the time of cooling with polymer solativas close to that of normalizing, which led tongevhat similar

behavior of the two processes that reduced thiemitss and kept some toughness.

After quenching in polymer solution the metal mbst tempered to improve toughness and reduce hardnes
The result structure shows that the martensite gdmrio small deposits of spherical pear lite in féwite regions.
Thus, lead to the toughness is improved due tatiamges of martensite. Figure (5) shows the etittémpering after
guenching on machinability, hardness and surfacgmoess. There was a noticeable improvement inhreegs and
reduce in cutting force with the in feed and DO@e do brittleness decrease and increase in toughmiéis tempering.
Obviously, the tempering process removes the defthom of ferrite after quenching. In other wordeneert the grains

into uniformity and more stable structure.

Generally, the results of roughness are improveld all heat treatments. On the other hand, théngutbrce with
guenching and normalizing processes is higher adnkas, feed and (DOC) increased, specially, atdotting speed.

Meanwhile, with increasing cutting speed, the agttforce decreased as showed in figure (6). Thghmoess values
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increased with increasing all parameters, figurg but it continued being less than that of thereated samples.
The best results of cutting force and roughnese wigth tempering process because the refined geaidsemoval of the

deformation of ferrite.
CONCLUSIONS
e The results obtained from this study can lead ¢édfetlowing conclusions;

¢ Normalizing has highest toughness compared to dulepand tempering processes , but has roughnédigssva
close to quenching because almost the same cdatieg

* Built up edge (B. U. E) is less with the quenchathgles in wet cutting and discontinuity of the chipads to
decrease the cutting force and roughness despitehigh hardness, but still not less than tempeangd

normalizing processes.

e« The best results of cutting force and roughnesse wer the tempered samples due to improvement ef th

microstructure of medium carbon steel.

e The roughness is less with hardened material atclatting speed, but the ductile tempered mategads high

speed for less roughness.

« The improvement of surface roughness was obtaindueat-treated samples more than those of the atetre

samples at all cutting conditions.

Table 1: Results of Hardness Tests before and aftéhe Heat Treatment

Hardness (HV) 167 209 274 191

Ferrite
- X
~%

(c) Quenching 60X
Figure 1: Optical Microscope Images for Medium Carlon Steel after Each Heat Treatment
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Figure 2: Cutting Force and Roughness Vs Feed for Untreated State a00rpmspeer
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Figure 3: Cutting Force and Roughness Vs Feed for Normalized State a00rpm Speed
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Figure 4: Cutting Force and Roughness Vs Feed for Quenched State H}0rpm Speel

700 - 16 -

650 - 1.4 -
S —+—DOC=0.25mm ﬁ 1.2 —+—DOC=0.25 mm
S 600 £E
) w3 1 -
c < . 2 —m— DOC=0.50 mm
S 550 —m— DOC=0.50mm 2 08§ |
=
- c6 1 ——0oC=0.75mm

500 T | —&— DOC=0.75mm

a 0.1 0.2
8] 0.1 0.2
Feed Feed
(mm/rev) (mm/rev)

www.tjprc.org

Figure 5: Cutting Force and Roughness Vs Feed for Tempered State #)0rpm Speed
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Figure 6: Cutting Force and Roughness Vs Feed for @@nched State at 100rpm Speed
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Figure 7: Roughness Vs Feed for Each Heat Treatmeaat 150rpm Speed
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