[Chauhan & Sharma, 8(1): Jan-March, 2018] ISSN 2277-5528
Impact Factor- 4.015

INTERNATIONAL JOURNAL OF ENGINEERING SCIENCES & M ANAGEMENT
Study and Analysis of Hard Turning Process for Chrome-Moly Amalgam Steel.

Pranay Of Singh Chauhan and Prof. P. K. Sharma

Department of Mechanical Engineering, NIIST, Bhopal, (M.P.), India
Abstract

In the present work, the work piece material taken is chrome-moly composite steel. This is a hard material having hardness 48 HRC. This
combination steel bears high temperature and high weight and its rigidity is high. It is exceptionally resistive to erosion and temperature. For
these helpful properties it is utilized as a part of energy age industry and petrochemical industry. Likewise it is utilized to make weight
vessels. For machining of work piece the embed picked is Tic covered carbide embed. Three elements speed, encourage and profundity of
cut were taken at three levels low, medium and high. By the L27 orthogonal outline twenty seven keeps running of tests were performed. For
each keep running of test the season of cut was 2 minutes. The yield reactions estimated were surface harshness, control utilization, chip
decrease co-proficient and instrument wear (flank wear). All the yield reactions were dissected by SN proportion, examination of
fluctuation, and reaction table. The criteria picked here is littler the better and the technique connected is Taguchi strategy.
Key words- Chrome-Moly Amalgam Steel, Hard Turning Process, Tool wear, chips, surface harshness, Taguchi technique.
INTRODUCTION
1.1 Machining is any of various processes in which a piece of raw material is cut into a desired final shape and size by a
controlled material-removal process. The processes that have this common theme, controlled material removal, are today
collectively known as subtractive manufacturing, in distinction from processes of controlled material addition, which are
known as additive manufacturing. Exactly what the "controlled" part of the definition implies can vary, but it almost always
implies the use of machine tools (in addition to just power tools and hand tools).
Machining is a part of the manufacture of many metal products, but it can also be used on materials such
as wood, plastic, ceramic, and composites. A person who specializes in machining is called a machinist. A room, building, or
company where machining is done is called a machine shop. Much of modern-day machining is carried out by computer
numerical control(CNC), in which computers are used to control the movement and operation of the mills, lathes, and other
cutting machines.
1.2 Hard machining:-
Hard machining is machining of parts with a hardness of above 45 HRC, although most frequently the process concerns
hardness’s of 58 to 68 HRC.It is mainly a finishing or semi-finishing process where high dimensional, form, and surface finish
accuracy have to be achieved
Modern Machining Process -As a result of the advances in machine tools and cutting tool technology in recent decades,
many of the conventional machining processes such as turning, milling and drilling have become cost-effective, flexible and
highthroughput manufacturing processes for producing high precision and high quality discrete metal parts for the aerospace,
automotive, die and mould manufacturing industries. These processes include: (i) hard part machining of hardened steels (or
hard turning) into their near complete shapes, (ii) highspeed end milling at high rotation speeds, or “high-speed milling”, (iii)
highthroughput drilling. For example, until recently, high-speed milling was applied to the machining of aluminum alloys for
manufacturing complicated parts used in the aircraft industry. In the past decade, with the advance of machine tools and
cutting tool technologies, high-speed milling has been used for machining tool steels (usually hardness >30 HRC) for making
moulds and dies employed in the production of a wide range of automotive and electronic components, as well as plastic
molding parts.
In order to remain competitive in a global market environment, manufacturers should enhance the quality of their products and
reduce costs while meeting strict customer requirements. Thus, recent research in the machining community has been mainly
focused on increasing efficiency by fully utilizing the resources. It has been shown that actual machining times are much
shorter than the non-productive times spent on loading/unloading, transferring, etc. the parts. Therefore, if consecutive
operations can be performed on a single machine, it would decrease the production time and eliminate accuracy related
problems due to re-clamping. Major advantages of high-speed machining are reported as: high material removal rates, the
reduction in lead times, low cutting forces, less work piece distortion and increased precision of the part. However, problems
related to the application of high-speed machining differ depending on the work material and desired product geometry. The
common disadvantages of high-speed machining are claimed to be: excessive tool wear, the need for special and expensive
machine tools with advanced spindles and numerical controllers, fixturing, balancing the tool holder and lastly but most
importantly the need for advanced cutting tools.
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Study & Analysis

Because of the expanded information and consistent change of the surface surfaces gives the present machine age an awesome
headway. Because of the request of more noteworthy quality and bearing burdens smoother and harder surfaces are required.
The surface has coordinate contact with the working of machine parts, stack conveying limit, apparatus life, exhaustion life,
bearing consumption and wear characteristics. Disappointment because of exhaustion dependably happens at the sharp corners
in light of pressure fixation at that place. Sharp corner is where any surface abnormality begins and that part bombs prior.
Surface anomaly at non-working surface likewise matters for disappointment. Diverse prerequisites request distinctive kinds
of surfaces so estimation of surface quantitatively is basic. The defects at first glance are as progression of slopes and valleys
differing both in stature and dividing. Any material being machined by chip evacuation process can't be done impeccably
because of a few takeoffs from perfect conditions. Because of conditions not being perfect the surface being delivered will
have a few inconsistencies and these anomalies can be arranged into four classes given as follows:-

a) First arrange:- This sort of inconsistencies are emerging because of mistakes in the machine device itself for instance
absence of straightness of guide courses on which device post is moving. Inconsistencies delivered because of twisting of
work under the activity of cutting powers and the heaviness of the material are additionally incorporated into this class.

b) Second arrange:- This request of anomalies are caused because of vibration of any sort, for example, prattle marks.
C) Third arrange:- If the machine is impeccable and totally free of vibrations still a few abnormalities are caused by
machining because of attributes of the procedure. For instance sustain sign of cutting instrument.

d) Fourth arrange:- This sort of abnormalities are arised because of break of the material amid the partition of the chip.

Advance these anomalies of four requests can be gathered under two gatherings. To begin with aggregate incorporates
inconsistencies of extensive wave-length of the intermittent character coming about because of mechanical aggravations in the
creating set up. These mistakes are named as full scale geometrical blunders and incorporate anomalies of first and second
request. These blunders are likewise alluded to as waviness or optional surface. Second gathering incorporates anomalies of
little wavelength caused by the immediate activity of the cutting component on the material or by some different unsettling
influences, for example, rubbing, wear or erosion. Blunders in this gathering are alluded to as harshness or waviness.

EXPERIMENTAL DETAILS

4.1. Work piece material: The work piece is chrome-moly compound which is set up at cast profile private constrained,
Kalunga. Its length is 500 mm and distance across is 45 mm. It is warm treated to make its hardness upto 48 HRCThe photo of
work piece material and compound synthesis of the CR-MO amalgam is given underneath in fig-4.1:

Fig-4.1: Work piece material (Cr-Mo round bar)

Dimension of Cr-Mo alloy:
Length of bar = 500 mm
Diameter of bar = 45 mm
Hardness of material =48 HRC

Chemical composition of Cr-Mo alloy(Table-4.1)
Carbon Mn Cr Mo
0.15 max 0.3-0.6 4.0-6.0 0.44-0.65

4.2.Cutting inserts:-

INTERNATIONAL JOURNAL OF ENGINEERING SCIENCES & MANAGEMENT 186-198



[Chauhan & Sharma, 8(1): Jan-March, 2018] ISSN 2277-5528

Impact Factor- 4.015
Cutting supplements utilized as a part of this examination are four in number. Each embed has eight edges so for 20try every
one of the eight edges of initial three are utilized and three edges of last embed is utilized. The determination of embed is
SNMG 120408. The additions are Tic covered carbide embeds. The photos of all additions utilized as a part of test, their detail
and geometry are given beneath in fig4.2(a), (b), (c), (d):

Insert-1 Insert-2
Insert-3 Insert-4
Fig-4.2

Specification of inserts:-
SNMG120408

S:-Insert shape (square)
N:-Clearance angle (0 degree)
M:-Tolerances

G:-Form of top surface

12 mm:-Cutting edge length

04 mm:-Insert thickness

08 mm:-Corner radius

Geometry of inserts:-

Inclination angle=-6 degree
Orthogonal rake angle=-6 degree
Orthogonal clearance angle= 6 degree

Auxiliary cutting edge angle= 15 degree

Principal cutting edge angle= 75 degree

Nose radius = 0.8 mm

4.3.Tool holder: - The tool holder used for the experiment is PSBNR2525M12. Its photograph and specification is given
below in fig4.3.

of tool holder:-

P:-Clamping method (Retained via bore)
S:-Insert shape (square)

B:-Style (75 degree)

N:-Clearance angle (O degree)
R:-Cutting direction (right handed)

25 mm:-Shank height

25 mm:-Shank width

M:-Tool length150 mm

12 mm:-Cutting edge length

4.4. Lathe machine used for experiment:-
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The kind of machine utilized for hard turning Cr-Mo composite is traditional machine with high unbending nature. Removing
tests were conveyed under dry cutting condition. Dry machining has been considered as the machining without bounds
because of concern in regards to the wellbeing of the earth. The exploratory set-up is given in fig-4.4.

Fig-4.5:Taylor-Hobson
Specification:-
Traverse speed: 1 mm/second
Measurement unit: Metric/Inch
Cut-off values: 0.25 mm, 0.80 mm, 2.5 mm (0.01 in, 0.03 in, 0.1 in)
Parameters: Ra, Rg, Rz(DIN), Ry and Sm
Calculation time: Less than reversal time or 2 second whichever is longer
4.6.Micrometre used to calculate chip thickness:- The micrometer used to calculate chip thickness is given below in fig-4.6
with its specification.

Fig-4.6: Micrometre

Specification:

Least count: 0.01 mm

Range: 0-25 mm

4.7. Experimental procedure:

The unpleasant work bit of chrome-moly amalgam purchased from cast profile Ltd, kalunga is first swung to clear the harsh
skin utilizing uncoated carbide embed. The last distance across of the work piece is made 50 mm. The two finishes of the work
piece are confronted and centring is finished utilizing carbide focus penetrate. The last length of the work piece was made 600
mm. The motivation behind this investigation is to discover the impact of speed, sustain and profundity of cut on yield
reactions like surface unpleasantness, control utilization, chip diminishment coefficient and device wear. The levels of speed,
encourage and profundity of cut are three every which is given in table-4.2. Add up to 27 tests were finished by L27
orthogonal cluster. The work piece was held unbendingly on the machine and for each arrangement of the information work
piece is turned for 2 minutes so 27 cuts were made on the workpiece which is appeared in Fig-4.1. The surface harshness part
(Ra) was estimated utilizing Taylor/Hobson (sutronic 3+) for 27 cuts. The power expended in machining was estimated by
wattmeter associated with the Lathe machine. The wattmeter gave the perusing of voltage (V), current (I) and power factor
(cos¢) for each of the keeps running of the investigation. The power utilization can be given by equation P= V.I.cos¢. The four
supplements utilized for the test are appeared in Fig-4.2(a),4.2(b), 4.2(c), 4.2(d). Each embed has eight edges so every one of

INTERNATIONAL JOURNAL OF ENGINEERING SCIENCES & MANAGEMENT 186-198



[Chauhan & Sharma, 8(1): Jan-March, 2018] ISSN 2277-5528

Impact Factor- 4.015
the eight edges of initial three additions and three edges of last one were utilized for 20 trial runs. The chips were gathered for
20 tests and their thickness was computed utilizing micrometer appeared in Fig-4.6. The chip diminishment co-productive can
be given by recipe beneath.
Chip reduction co-efficient = Chip thickness/Undeformed chip thickness
Unreformed chip thickness = f sinKr where f is the feed and kr is the principal cutting edge. The table for power and chip
reduction co-efficient was shown in table-4.3.

Table-4.2
Levels Speed in rpm Feed in mm/rev D.O.Cin mm
Low 250 0.1 0.2
Medium 420 0.12 0.4
High 710 0.14 1.0
TABLE:-4.3
Speed Feed d.o.c \ I P.F. P=V.I.(P.F)/1 |C.T. e=C.T/U.
Run.no Inrp.m |[Inmm/rev  finmm In volt in 000 In C.T
amp Mm
1 250 0.1 0.2 410 4.7 0.21 0.405 0.11 1.138
2 250 0.1 0.5 409.3 4.81 0.31 0.610 0.20 2.070
3 250 0.1 1.0 400.8 4.42 0.28 0.496 0.29 3.002
4 250 0.13 0.3 411.4 4.72 0.20 0.388 0.08 0.637
5 250 0.13 0.5 406.6 4.69 0.25 0.476 0.17 1.353
6 250 0.13 1.0 401.5 4.53 0.30 0.545 0.13 1.035
7 250 0.15 0.3 416 4.98 0.21 0.435 0.14 0.966
8 250 0.15 0.5 407.6 4.72 0.25 0.480 0.27 1.863
9 250 0.15 1.0 410.2 4.81 0.30 0.592 0.31 2.139
11 420 0.1 0.4 408.6 4.70 0.27 0.518 0.14 1.449
12 420 0.1 1.0 400.8 4.70 0.42 0.791 0.22 2.277
13 420 0.12 0.3 4157 1492 0.24  [0.491 0.07 0.577
14 420 0.12 0.4 4076 467 |0.27 [0.514 0.16 [1.274
15 420 0.13 1.0 403.1 1478 0.43 |0.830 0.26  [2.070
16 420 0.15 0.3 4185 14.87 0.24 0.489 0.08 [0.552
17 420 0.15 0.5 408.6 1478 032 |0.624 0.20 |1.380
18 420 0.15 1.0 4026 @475 043 |0.822 0.21 [1.449
19 710 0.1 0.3 4170 [5.06 031 |0.654 0.09 [0.724
20 710 0.1 0.5 407.8 1492 |0.38 |0.762 0.04 [0.414

In the above table P.F means power factor, C.T means chip thickness, U.C.T means undeformed chip thickness, & stands for
chip reduction co-efficient. P stands for power.

4.8. Final experimental table:-

Last trial table-4.4 is given underneath. This table contains three information factors speed, sustain and profundity of cut. The
levels of were in r.p.m. furthermore, they were 250, 420 and 710 r.p.m. These paces were changed over into m/min utilizing
recipe tDN1000 where D is the width of work piece and N is the r.p.m. of Lathe machine. The yields are surface harshness in
micron, control in k.w. chip decrease co-productive and instrument wear in mm.

Chi
Speed in Feed in SR in Power in redLﬁ)ction co-| Tool wear in
Run.no | m/min mm/rev d.o.c. in mm| micron k.w efficient mm
1 39.275 0.1 0.3 1.10 0.405 1.138 1.26
2 39.275 0.1 0.5 1.44 0.610 2.070 0.96
3 39.275 0.1 1.0 0.04 0.496 3.002 0.88
4 39.275 0.13 0.3 1.56 0.388 0.637 1.62
5 39.275 0.13 0.5 1.66 0.476 1.353 0.675
6 39.275 0.13 1.0 1.42 0.545 1.035 0.657
7 39.275 0.15 0.3 1.02 0.435 0.966 1.96
8 39.275 0.15 0.5 1.82 0.480 1.863 0.813
9 39.275 0.15 1.0 1.50 0.592 2.139 0.965
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10 65.982 0.1 0.3 0.88 0.500 1.449 0.624
11 65.982 0.1 0.5 1.64 0.518 1.449 0.58
12 65.982 0.1 1.0 0.80 0.791 2.277 0.923
13 65.982 0.13 0.3 0.72 0.491 0.557 0.363
14 65.982 0.13 0.5 1.70 0.514 1.274 0.798
15 65.982 0.13 1.0 1.16 0.830 2.070 0.827
16 65.982 0.15 0.3 0.84 0.489 0.552 0.522
17 65.982 0.15 0.5 1.20 0.624 1.380 0.457
18 65.982 0.15 1.0 1.14 0.822 1.449 0.572
19 65.982 0.1 0.3 0.84 0.654 0.724 1.204
20 111.541 0.1 0.5 1.32 0.792 0.414 0.147

In the above table P.F means power factor, C.T means chip thickness, U.C.T means unreformed chip thickness, & stands for
chip reduction co-efficient. P stands for power.

4.8. Final experimental table:-

Final experimental table-4.4 is given below. This table contains three input variables speed, feed and depth of cut. The levels
of were in r.p.m. and they were 250, 420 and 710 r.p.m. These speeds were converted into m/min using formula 7DN/1000
where D is the diameter of work piece and N is the r.p.m. of Lathe machine. The outputs are surface roughness in micron,
power in k.w. chip reduction co-efficient and tool wear in mm.

TABLE:-4.4
Chip
reduction co- Tool wear in
Run.no Speed in m/min | Feed in mm/rev | d.o.c. in mm | S.R in micron | Power in k.w| efficient mm
1 39.275 0.1 0.3 1.10 0.405 1.138 1.26
2 39.275 0.1 0.5 1.44 0.610 2.070 0.96
3 39.275 0.1 1.0 0.04 0.496 3.002 0.88
4 39.275 0.13 0.3 1.56 0.388 0.637 1.62
5 39.275 0.13 0.5 1.66 0.476 1.353 0.675
6 39.275 0.13 1.0 1.42 0.545 1.035 0.657
7 39.275 0.15 0.3 1.02 0.435 0.966 1.96
8 39.275 0.15 0.5 1.82 0.480 1.863 0.813
9 39.275 0.15 1.0 1.50 0.592 2.139 0.965
10 65.982 0.1 0.3 0.88 0.500 1.449 0.624
11 65.982 0.1 0.5 1.64 0.518 1.449 0.58
12 65.982 0.1 1.0 0.80 0.791 2.277 0.923
13 65.982 0.13 0.3 0.72 0.491 0.557 0.363
14 65.982 0.13 0.5 1.70 0.514 1.274 0.798
15 65.982 0.13 1.0 1.16 0.830 2.070 0.827
16 65.982 0.15 0.3 0.84 0.489 0.552 0.522
17 65.982 0.15 0.5 1.20 0.624 1.380 0.457
18 65.982 0.15 1.0 1.14 0.822 1.449 0.572
19 65.982 0.1 0.3 0.84 0.654 0.724 1.204
20 111.541 0.1 0.5 1.32 0.792 0.414 0.147

4.9. Chip collected during experiment:-

The chips were collected during all 20 experiments and their thickness were measured using micrometer shown in Fig-4.6.
The chip reduction co-efficient was calculated for each chip Using the formula Chip reduction co-efficient = Chip
thickness/Undeformed chip thickness

Unreformed chip thickness = f sinKr where f is the feed and kr is the principal cutting edge of the insert. The photographs of
all the chips were shown below in fig-4.7(i)
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RESULTS AND DISCUSSION

5.1. Surface roughness effects:-

The Fig-5.1(a), (b), (c) demonstrates the primary impacts for surface unpleasantness that implies the charts of speed versus
mean of S/N proportions of surface unpleasantness, sustain versus mean of S/N proportions of surface harshness, profundity of
cut versus mean of S/N proportions of surface harshness for bring down is better. As the speed expands the mean of S/N
proportions diminishes that implies great surface complete is acquired with increment in speed. From the graph5.1(b)
unmistakably as the nourish builds surface harshness diminishes that implies increment in bolster additionally gives great
surface wrap up. From the chart 5.1(c) obviously as the profundity of cut builds first surface unpleasantness diminishes upto
some esteem and after that increments. From three diagrams the incline of bolster versus mean of S/N proportion diagram is
biggest, profundity of cut versus mean of S/N proportion chart has second biggest incline so surface unpleasantness is
altogether influenced by sustain and profundity of cut however cutting velocity has not huge impact on surface harshness.

Speed vs Mean of S/N Ratio of Feed vs Mean of 5/N Ratio of Depth of cut vs /N Ratio of
surfoce roughness surface roughness surface roughness

Power consumption effects:-

Figure-5.2(a), (b) and (c) given beneath demonstrates the primary impact plots for control utilization in machining for bring
down is better. Figure-5.2(a) demonstrates the chart of speed versus mean of S/N proportion of energy utilization. From the
chart unmistakably as the speed builds the power utilization diminishes. Figure-5.2(b) indicates bolster versus mean of S/N
proportion for control utilization. The chart demonstrates that as the bolster builds the power utilization diminishes. Figure-
5.2(c) indicates profundity of cut versus mean of S/N proportion of energy. The diagram demonstrates that as the profundity of
cut expands the power utilization diminishes. Out of three charts the slant of cutting pace versus mean of S/N proportion has
biggest slant and profundity of cut versus mean of S/N proportion has the second biggest slant so cutting pace and profundity
of cut altogether influence the power utilization yet encourage has no huge impact on control utilization.

Speed vs Mean of S/N Ratio of power Feed vs Mean of S/N Ratio of power Depth of cut vs Mean of S/N Ratio of power

5.3. Chip reduction co-efficient effects:-

The figure-5.3(a), (b), (c) given underneath demonstrates the primary impacts of chip decrease co-effective. The
figure5.3 (a) demonstrates the diagram of speed versus mean of S/N proportion of chip decrease co-effective for bring
down is better. As the speed expands the mean of S/N proportion builds that implies chip lessening co-effective turns
out to be more. The diagram in 5.3(b) demonstrates the chart between bolster versus mean of S/N proportion of chip
diminishment co-effective. As the nourish expands the mean of S/N proportion builds first and after that reductions.
The chart in 5.3(c) demonstrates the diagram between profundities of cut versus mean of chip diminishment co-
effective. From this diagram obviously as the profundity of cut builds the mean of S/N proportion diminishes. Out
three diagrams the 5.3(c) chart has the biggest. slope, 5.3(a) graph has second largest slope so depth of cut and
cutting speed have the significant effect on chi reduction co-efficient but feed has not any significant effect
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Speed vs Mean of S/N Feed vs Mean of S/N Ratio Speed vs Mean of S/N Ratio
Ratio chip reduction co-efficient for chip reduction co-efficient of chip reduction co-efficient

5.4. Tool wear effects:-

The figures given in 5.4(a), (b), (c) demonstrates the fundamental impact graphs of hardware wear for bring down is better.
The 5.4(a) indicates speed versus mean of S/N proportion of hardware wear. The diagram demonstrates that as the speed
builds the instrument wear expands first after some speed device wear diminishes. Out of three charts the slant of 5.4(a) is
biggest, incline of 5.4(c) is second biggest so device wear is influenced by speed and profundity of cut fundamentally however
sustain has no huge impact on instrument wear.

Speed vs Mean of S/N Ratio tool wear Feed vs Mean of S/N Ratio of tool wear D.O.C. vs Mean of S/N Ratio of tool wear

5.5. Anova and response table for surface roughness:-

The anova table for surface harshness indicates DF, SS, MS, F-esteem, P-esteem. From F-insights unmistakably sustain and
profundities of cut are huge. Cutting rate has no noteworthy impact on surface unpleasantness. The reaction table demonstrates
that the rank of bolster is one and rank of profundity of cut is two that implies sustain and profundity of cut has huge impact
on surface unpleasantness. Table-5.1 demonstrates the Anova table for surface harshness and Table-5.2 demonstrates the
reaction table for surface unpleasantness.

Table-5.1:-(ANOVA for surface roughness)

Source DF | Seq. SS | AdjSS | AdjMS | F P
V; 2 8241 [8241 [41.20 |1.20]0.349
F 2 |17156 | 17156 |85.75 |2.51] 0.143
D 2 12387 |123.87 [61.93 |1.81]0.225
V*f 4 134.48 | 134.48 | 33.62 0.98 | 0.469
V*d 4 |14750 | 14750 [36.87 | 1.08 | 0.428
f*d 4 [17882 [178.82 [4471 [1.31]0.346
'1"3"9' (S)Fff;’s ergm _OD:é’;gOfC“t Residual error | 8 | 273.91 | 273.91 | 34.24
2 |-0.6112 | -2.9232 [4.2060 Total 26 | 1112.55
3 23.6942 | -3.2290 [0.8871
Delta | 4.1117 | 5.4936 [5.0931 Table-5.2(Response table)
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| Rank |3 I 2 |

5.6. Anova and response table for power consumption:

The table-5.3 demonstrates the anova table for control utilization and table-5.4 demonstrates the reaction table for control
utilization. The ANOVA table shows DF, SS, MS, F-esteem, P-esteem. The F-insights demonstrates that cutting pace and
profundity of cut are critical. Additionally p-values for speed and profundity of cut are under 0.05. The delta measurements
accordingly table demonstrates the rank of cutting velocity is one and profundity of cut is two that implies cutting pace and
profundity of cut are critical

Table-5.3(ANOVA for power consumption

Source DF | Seq. SS | Adj. SS | Adj. MS | F P

V 2 |113.444 | 113.444 | 56.7221 | 54.04 | 0.000

F 2 10419 0.419 0.2096 | 0.20 |0.823

D 2 [62.341 | 62.341 | 31.1705 | 29.70 | 0.000

V*f 4 1.471 1471 0.3676 0.35 |0.837
4
4
8

V*d 9.184 9.184 22961 | 219 |0.161
f*d 2.865 2.865 0.7162 | 0.68 |0.624
Residual error 8.397 8.397 1.0496
Total 26 |198.121

Table-5.4(Response table for S/N ratios of power)

Level Cutting speed Feed rate Depth of cut
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

5.7. ANOVA and Response table for chip reduction co-efficient:-

The table-5.5 and table-5.6 demonstrates the ANOVA and reaction table for S/N proportion of chip decrease co-productive.
The ANOVA for chip diminishment co-productive shows DF, SS, MS, F, P esteem. The P-esteem for profundity of cut and
cutting pace are under 0.05 so they critical. Table-5.6 demonstrates the reaction table for chip diminishment co-proficient. The
delta measurements demonstrate the rank of nourish as one and rank of cutting velocity as two means they are noteworthy.
Table-5.5(ANOVA for chip reduction co-efficient)

Source DF | Seq.SS | Adj. SS | Adj. MS | F P
V 2 |107.47 | 107.47 |53.734 | 8.99 | .009
F 2 3184 |31.84 |15922 |266 |.130
D 2 |214.32 | 214.32 | 107.160 | 17.93 | .001
V/*f 4 169.37 |69.37 |[17.342 |290 | .093
4
4
8

V*d 4524 | 45.24 11.311 | 1.89 | .205
f*d 37.83 | 37.83 9.457 158 | .269
Residual error 4781 | 47.81 5.976
Total 26 |553.88

Table-5.6(Response table for S/N ratio)
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Level | Cutting speed | Feed rate | Depth of cut
1 -3.0784 -2.3598 | 2.2918

2 -1.9764 0.2731 -1.1415

3 1.5958 -1.3724 | -4.6094
Delta | 4.6742 2.6329 6.9012
Rank | 2 3 1
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5.8. ANOVA and response table for tool wear:-
The table-5.7 and table-5.8 demonstrates the ANOVA and reaction table for S/N proportions of hardware wear. The table-5.7
demonstrates the ANOVA table for device wear which contains DF, SS, MS, F, P value.The F-insights and p-esteem
demonstrates that profundity of cut and cutting velocity are significant. The reaction table likewise concurs with that outcome.
Table-5.7(ANOVA for tool wear)
Source | DF | Seq.SS | Adj.SS |Adj.MS | F P
\% 2 9373 |93.73 |46.866 | 4.31 | 0.054
F 2 | 6329 |63.29 [31.644 | 291 0.112
D 2 ]10252 |102.52 |51.262 | 4.71 | 0.044
V*f 4 | 223.90 | 223.90 |55.974 | 5.15| 0.024
4
4
8

V*d 170.03 | 170.03 |42.508 | 3.91 | 0.048
f*d 3456 |34.56 |8.64 0.79 | 0.561
Residual 87.00 |87.00 |10.875
Total 26 | 775.04

Table-5.8(Response table)

Level | Cutting speed |Feed rate| Depth of cut

1 -0.1564 4.4378 -0.4633

2 4.3595 0.9680 3.6320

3 2.6732 1.4705 3.7076
Delta 4.5159 3.4697 4.1710
Rank 1 3 2

6.1CONCLUSION AND FUTURE WORK

In light of exploratory outcomes displayed and talked about, the accompanying conclusions are drawn on the impact of cutting
rate, nourish and profundity of cut on the execution of Tic covered carbide instrument while machining Cr-Mo compound.

The investigation of Main impact plots of surface hardness shows that as speed expands mean of SN proportion diminishes
that implies great surface complete is gotten with increment in speed. As the bolster increment mean of SN proportion
diminishes that implies great surface complete is acquired with increment in sustain. As the profundity of slice increments
from 0.3mm to 0.5 mm surface unpleasantness diminishes however when profundity of slice increment from 0.5 mm to 1 mm
surface harshness increments.

The slant of nourish versus mean of SN proportion is biggest, profundity of cut versus mean of SN proportion has the second
biggest incline so bolster and profundity of cut influence the surface unpleasantness altogether which is obvious from F-
insights of ANOVA and rank of reaction table. So encourage and profundities of cut are prevailing components for surface
harshness.

As the speed builds SN proportion for control diminishes. As the nourish and profundity of cut increments likewise SN
proportion for control diminishes that implies less power is expended for increment of speed, encourage and profundity of cut.
Cutting pace and profundity of cut are noteworthy factors if there should be an occurrence of energy.

As the speed builds mean of SN proportion expands that implies chip decrease co-effective turns out to be progressively when
speed increments. As nourish increments from 0.1 to 0.12 chip lessening co-proficient increments and from 0.12 to 0.14 chip
diminishment co-effective reductions. As the profundity of cut builds chip diminishment co-proficient declines.

The profundity of cut and speed influence altogether chip lessening co-proficient.

When speed increments from 39.285 m/min to 65.992 m/min instrument wear increments and from 65.992 m/min to 111.551
m/min device wear diminishes. At the point when sustain increments from 0.1 to 0.13 mm/rev instrument wear diminishes
quickly yet from 0.13mm/rev t00.15 mm/rev device wear increments gradually. At the point when profundities of slice
increments from 0.3mm to 0.5 mm instrument wear increments, from 0.5 mm 1.0 mm it stays steady. Tool wear is influenced
altogether by cutting pace and d.o.c.

6.2 FUTURE WORK

In the present work chrome-moly amalgam steel is utilized for machining process so in future work other hard materials like
Inconel-718 can be utilized for machining by a similar procedure shifting velocity, encourage and profundity of cut in L-27
orthogonal cluster outline and taguchi technique might be utilized for examination. Some other cutting additions like fired or
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CBN might be utilized for cutting rather than covered carbide embed and the test might be rehashed insame way the outcome
might be contrasted and past outcome. RSM might be utilized for investigation process rather of Taguchi strategy.
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