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ABSTRACT

In the presenwork, the work piece material taken
chromemoly alloy steel. This is a hard mater
having hardness 48 HRC. This alloy steel bears
temperature and high pressure and its tensile gt
is high. It is very resistive to corrosion a
temperature. &r these useful properties it is usec
power generation industry and petrochem
industry. Also it is used to make pressure ves

For machining of work piece the insert chosen is
coated carbide insert. Three factors speed, feec
depth of cutwere taken at three levels low, medi
and high. By the L27 orthogonal design twenty se
runs of experiments were performed. For each rL
experiment the time of cut was 2 minu

The output responses measured were su
roughness, power consungoii chip reduction ¢
efficient and tool wear (flank wear). All the outy
responses were analyzed by SN ratio, analysi
variance, and response table. The criteria choses
is smaller the better and the method applied i$ifg€y
tools.

INTRODUCTION

Hard machining means machining of parts wr
hardness is more than 45HRC but actual |
machining process involves hardness of 58HR(
68HRC.The work piece materials used in
machining are hardened alloy steel , tool steekseg
— hardened steels nitride irons , harc— chrome —
coated steels and heatreated powder metallurgic
parts.

Limitations of Hard Machining
» For hard turning the length to diameter (L/D) r¢
should be small. For unsupported work piece

should not be more than 4:1cause long thin
parts will induce chatter due to high cutti
pressure..

» In hard machining, a very thin layer of mate
which is harder than inner material is forn
which is known as white layer. With tool w
increase its thickness increases. Whayer is
commonly formed on bearing steel and me
problem for bearing races which receive
contact stresses. The white layer causes be
failure.

Features n Which Hard Machining Is Different

From Conventional Machining

» When work material gets ictured chip in the
form of saw tooth is formed. Within the range
shear strain crack is formed at the free surfac
the work piece.

» Because of adiabatic shear segmental chips
formed in materials which are difficult to machi
and its cross sectias similar to sav-toothed chip
formed in hard machining but these two chips
not same because they are produced du
different mechanisms.

> Radial (thrust) component of the cutting force
greater than tangential (power) component cu
force in cas of hard machining. The differen
between these two forces increases with incr
of flank wear.

Factors Distinguishing Hard Machining

To distinguish between hard machining conventi
machining differences in energy balance shoulc
analyzed. The fonula for balance of energy in me
cutting is given by Pc = Fc.V =Ppd +Pfr +Pjf +|
Where Fc = power (tangential) component of
cutting force.
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V = cutting speed

Ppd = power consumed due to plastic deform
Pfr = power used on tool chip interface

Pjf = power used on tool work piece interf

Pch = power used due to formation of new suri

Hard Turning

Hard turning is a process which eliminates
requirements of grinding operation. A proper h
turning process gives surface finish Ra 0.4 t8
micrometer, roundness about52micrometer an
diameter tolerance +/-8micrometre. Hard turnin
can be performed by that machine which soft turi
is done..

Causes of Tool wear

There are two interrelated causes for tool wear
mechanical abrasion dnthermal erosion. Althoug
these two actions take place simultaneously, the
of each varies for various cutting conditio
Mechanical wear is dominant when low cutt
speeds are used or when the work piece poss
high machinability. Thermal weagrevails when higl
cutting speeds are used with work pieces having
mach inability

Mechanisms of Tool Wear

Evidence indicates that wear is a comg

phenomenon and is influenced by many factors.

causes of wear neither behave in the same me

nor they always affect wear to the same degree

similar cutting conditions.

> Abrasive action of hard particles contained in
work material.

> Plastic deformation of the cutting ed

» Chemical decomposition of the cutting t
contact surfaces.

Tool Wear and Surface Roughnesverview
Surface RoughnessDue to the increased knowled
and constant improvement of the surface text
gives the present machine age a great advance
Due to the demand of gater strength and beari
loads smoother and harder surfaces are ne Due to
conditions not being ideal the surface being predi
will have some irregularities and these irreguiesi
can be classified into four categories given
follows:-
> First order: - This type of irregularities is arisir
due to inaccuracies in the machine tool itself
example lack of straightness of guide ways
which tool post is moving. Irregularities produc

due to deformation of work under the action
cutting forces ath the weight of the material a
also included in this catego

» Second order: - This order of irregularities i
caused due to vibration of any kind such as ch
marks.

» Third order:- If the machine is perfect ar
completely free of vibrations still sor
irregularities are caused by machining due
characteristics of the process. For example
mark of cutting tool.

» Fourth order: - This type of irregularities i
arised due to rupture of the material during
separation of the chip.

Terms Used In Surface Finist

» Roughness: -This is produced due to irregul
structures in the surface roughness whict
resulted from the inherent action of product
process.

» Waviness: -This is produced due to deflection
work piece or machine vibrations produced
machine.

» Flaws: - The irregularities which are produced
one place or infrequently in widely varyil
intervals in a surface are called fla

» Centre line:-The line about which roughness
measured.

» Traversing length: - It is the length of the profil
necessary for the evaluation of the surf
roughness parameters. The traversing le
includes one or more sampling leng

Methods of Measuring Surface Roughne:

There are two methods of measuring the finist
machined part. They are:-

1. Surface insp&tion by comparison methc

2. instrument measuremer

Tool Wear in Turning

A constant cutting force is acting in turning opena

and turning is a continuous process. A I
temperature is produced at the tool/chip inter
because of constant heat wved from shear
deformation energy and friction. The principal w
factor in turning is high temperature at the toake
face. The temperature is around 600 degree
austenitic steels, super alloys or titanium alloysol

wear mechanisms in turning basically four types
in turning. They are as follow-

» Crater wear

» Notch wear
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> Flank wear
» Adhesion

Work piece material:

The work piece is chromeoly alloy which is
prepared at cast profile private limited, Kalunga.
length is 600 mm and diameter is Bn. It is hea
treated to make its hardness up to 48 HRC
photograph of work piece material and chem
composition of the CRAO alloy is given below i

fig.

Fig: Work piece material (Cr-Mo round bar)

Dimension of Cr-Mo alloy:
Length of bar = 600 mm
Diameter of bar = 50 mm
Hardness of material =48 HRC

Chemical composition of Cr-Mo alloy
Mn Cr
0.15 max| 0.3-0.6| 4.0-6.0{ 0.44-0.65

Cutting inserts

Cutting inserts used in this experiment are fou
number. Each insert hasight edges so for =
experiment all eight edges of first three are uzed
three edges of last insert is used. The specificatf
insert is SNMG 120408. The inserts are Tic Coi

carbide inserts.

Experimental procedure

The rough work piece of chro-moly alloy bought
from cast profile Ltd, kalunga is first turned ttear
the rough skin using uncoated carbide insert. Tred
diameter of the work piece is made 50 mm. The
ends of the work piece are faced and centeringne
using carbide centrérill. The final length of the wor
piece was made 600 mm.

The purpose of this experiment is to find the effafc
speed, feed and depth of cut on output responise
surface roughness, power consumption, chip redu
coefficient and tool wear. The lels of speed, feed
and depth of cut are three each which is givealet
Total 27 experiments were done according to
orthogonal array. The work piece was held rigidty
the lathe and for each set of the data work pie
turned for 2 minutes so 2cuts were made on the
work piece which is shown in Fi

The surface roughness component (Ra) was mea
using Taylor/Hobson (sutronic 3+) for 27 cuts. -
power consumed in machining was measurec
wattmeter connected to the Lathe machine.
wattmeer gave the reading of voltage (V), current
and power factor (c@$ for each of the runs of tt
experiment. The power consumption can be give
formula P= V.l.co$. The four inserts used for tl
experiment are shown in Fi

Each insert has eight eglgso all eight edges of fii
three inserts and three edges of last one werefas
27 experimental runs. The chips were collected?it
experiments and their thickness were calculateadgt
micrometer shown in Fig-6. The chip reduction -
efficient can be given by formula below. Unreformr
chip thickness = f sinKr where f is the feed andsk
the principal cutting edge.

The tables for power and chip reduction c-efficient

Run| SpeedIn  fedin  d.o.cin vinvolt linamp P.F  runno speed in fed in

no rpm mm/rev mm rpm mm/rev
1 250 0.1 0.3 410 4.7 0.21 113.0586| 125.01° 136.938143
2 250 0.1 0.5 409.3 4.81 0.3182.967143 79.8867' | 76.8064286
3 250 0.1 1 400.8 4.42 0.28 80.14 76.6178( | 73.0957143
4 250 0.13 0.3 411.4 4.72 0.2| 82.865714 79.6267' | 76.3878571
5 250 0.13 0.5 406.6 4.69 0.25 81.252857| 77.7385 | 74.2242857
6 250 0.13 1 401.5 4.53 0.3| 79.541429 75.7317' | 71.9221429
7 250 0.15 0.3 416 4.98 0.2] 83.44 80.0628! | 76.6857143
8 250 0.15 0.5 407.6 4.72 0.25 80.694286| 76.8957. | 73.0971429
9 250 0.15 1 410.2 4.81 0.3 81.29 | 77.4889. | 73.6878571
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10 420 0.1 0.3 415.6 481 0.25 58.132857| 42.2710 26.4092857
11 420 0.1 0.5 408.6 4.7 0.27 55.84 39.6153 23.3907143
12 420 0.1 1 400.8 4.7 0.44 53.482857| 36.8885 20.2942857
13 420 0.13 0.3 415.7 492 1024 0491 0.07 0.577
14 420 0.13 0.5 407.6 467 1027 0.514 0.1¢ 1.274
15 420 0.13 1.0 403.1 478 10.43]| 0.830 0.2¢ 2.070
16 420 0.15 0.3 418.5 487 1024 0.489 0.0¢ 0.552
17 420 0.15 0.5 408.6 478 1032| 0.624 0.2C 1.380
18 420 0.15 1.0 402.6 475 1043| 0.822 0.21 1.449
19 710 0.1 0.3 417.0 5.06 |0.31] 0.654 0.0¢ 0.724
20 710 0.1 0.5 407.8 492 10.38| 0.762 0.04 0.414
21 710 0.1 1.0 401.5 501 |0.58| 1.166 0.11 1.138
22 710 0.13 0.3 416.0 494 1032| 0.662 0.0¢ 0.398
23 710 0.13 0.5 410.6 498 10.40| 0.818 0.17 0.955
24 710 0.13 1.0 400.2 545 10.61] 1.330 0.1¢ 1.513
25 710 0.15 0.3 412.3 496 |041] 0.838 0.1t 1.035
26 710 0.15 0.5 407.8 478 1039] 0.760 0.0¢ 0.621
27 710 0.15 1.0 402.3 5.02 049 0.989 0.22 1.518

Chip collected during experiment

The chipswere collected during all 27 experime
and their thickness were measured using micron
shown in Fig. The chip reduction -efficient was
calculated for each chifunreformed chip thickness
f sinKr where f is the feed and kr is the princi
cutting edge of the insert. The photographs of all
chips were shown below in fig.

e

Photographs of tool wears:-
The photographs of 27 tool wears of edges of ia:
taken by stereo zoom microscope is given in

Results and Discussion

Main effect plots for surface roughness-

The Fig shows the main effects for surface rough
that means the graphs of speed vs. mean of S/db&
of surface roughnesged vs. mean of S/N ratios
surface roughness, depth of cut vs. mean of Sibisi
of surface roughness for lower is better. As theed
increases the mean of S/N ratios decreases thatst
good surface finish is obtained with increase ieesp
From the graph it is clear that as the feed incre
surface roughness decreases that means incre:
feed also gives good surface finish. From the giia
is clear that as the depth of cut increases fudase
roughness decreases upto some value ann
increases. From three graphs the slope of fee
mean of S/N ratio graph is largest, depth of cut
mean of S/N ratio graph possesses second le
slope so surface roughness is significantly affitig
feed and depth of cut but cutting speed hot
significant effect on surface roughn

Table: Values of Predicted Surface Roughness and err

No of Experiments Speed M Feed D.O.C Experimental Predicted
(rom)  (mm/rev) (mm) Ra (um) Ra (um)

1 100 0.14 0.5 4.98 4.969: | 0.0105

2 100 0.14 1 5.3 5.24¢ 0.051

3 100 0.14 1.5 5.44 5.528¢ | -0.0885

4 100 0.15 0.5 4.49 4.653t | -0.1635
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5 100 0.15 1 5.01 4.93: 0.077

6 100 0.15 1.5 5.34 5.212¢ | 0.1275
7 100 0.16 0.5 4.33 4.337¢ | -0.0075
8 100 0.16 1 4.59 4,615 -0.027
9 100 0.16 1.5 4.88 4.896¢ | -0.0165
10 360 0.14 0.5 3.81 3.731¢ | 0.0781
11 360 0.14 1 3.97 4.014 |-0.0414
12 360 0.14 1.5 4.28 4.290¢ | -0.0109
13 360 0.15 0.5 3.46 3.415¢ | 0.0441
14 360 0.15 1 3.69 3.695¢ | -0.0054
15 360 0.15 1.5 4.01 3.974¢ | 0.0351
16 360 0.16 0.5 3.15 3.099¢ | 0.0501
17 360 0.16 1 3.41 3.379¢ | 0.0306
18 360 0.16 1.5 3.66 3.668¢ | 0.0011
19 560 0.14 0.5 2.73 2.779¢ | -0.0499
20 560 0.14 1 3.11 3.059: | 0.0506
21 560 0.14 1.5 3.37 3.338¢ | 0.0311
22 560 0.15 0.5 2.42 2.463¢ | -0.0439
23 560 0.15 1 2.73 2.743¢ | -0.0134
24 560 0.15 1.5 2.98 3.022¢ | -0.0429
25 560 0.16 0.5 2.18 2.147¢ | 0.0321
26 560 0.16 1 2.49 2.427: | 0.0626
27 560 0.16 1.5 2.62 2.706¢ | -0.0869

Average error = 0.047411

Simulations are conducted for aluminum and co
carbide tool couple. In the simulation® rake angle,
300m/min cutting speed, 0.1lmm/rev federate
selected with varying inclination angle. The slidi

friction coefficients calibrated from the orthogob!

cutting tests are used during the simulations. ke

sliding friction coefficient for Mild Steel with cied

carbide tool varies with the chip velocitwe would

also like to see a similar effect on the frictiaghlvior

due to the inclination angle.
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CERAMICS for power consumption

\% 2 |113.444| 113.444| 56.7221| 54.04 0.000
F 2 | 0419 0.419 0.2096] 0.20 0.8~
D 2 | 62.341| 62.341] 31.1705 29.70.000
V*f 4 1471 1471 0.3676f 0.3 0.8]:-
V*d 4 | 9.184 9.184 2.2961 2.19 0.1
f*d 4 | 2.865 2.865 0.7162] 0.68 0.61°:
Residual| 8 | 8.397 8.397 1.0496
Total 26198.121
Response table for S/N ratios of pow:
1 6.260 4.080 5.614
2 4.373 4.041 4.355
3 1.287 3.799 1.951
Delta 4.973 0.282 3.633
Rank 1 3 2

Conclusion and Future Work

Based on experimental results presented
discussed, the following conclusions are drawnha
effect of cutting speed, feed and depth of cut o
performance of Tic coated carbide tool wi
machining Cr-Mo alloy.

The study of Main effect plots of surface roughr
indicates that as speed increases mean of SN
decreases that means good surface finish is obt
with increase in speed. As the feed increase mé.
SN ratio decreases that meammod surface finish i
obtained with increase in feed. As the depth of
increases from 0.3mm to 0.5 mm surface rough
decreases but when depth of cut increase from !
to 1 mm surface roughness increase

The slope of feed vs. mean of SN ratio argest,
depth of cut vs. mean of SN ratio has the se:
largest slope so feed and depth of cut affect
surface roughness significantly which is clear fre-
statistics of and rank of response table. So fewb
depth of cut are dominant factors for face
roughness.
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