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Abstract -In the metal cutting operation, the determination
of the optimum machining variables (depth of cut, feed and
cutting speed) for stepped parts is still one of the most
important and difficult problem facing the production
engineer. The determination of the optimum machining
variables is based on economic and technological
consideration. The economics of machining operation are
affected by numerous variables such as cutting tool material,
type of machining tool and different machining condition. In
order to reduce the manufacturing costs, higher production
rates should be obtained. However, the increase of the
producing rate is governed by several technical restrictions,
such as cutting tool life, permissible stresses of spindle, tool,
speed gear box and feed mechanism, deflection of tool and
machine-tool-work piece-fixture (MTWF) system, power of the
machine tool and quality of surface generated. The aim of
present investigation is the determination the optimum
machining variables for a steeped part taking into account the
objective functions and technological constraints encountered
in machining operation. Also, to present the proper technique
which must be carried out to achieve the desired shape of the
part. the required data to solve practically this problem such
as constants of cutting forces equations, overall efficiency,
deflection of (MTWF) system wear obtained experimentally.
The results obtained are reasonable and show a great save in

production time and manufacturing costs.

Key Words: metal cutting operation; depth of cut; feed
and cutting speed; optimization; strains.

1. INTRODUCTION

The turning processes are the metal removal from the outer
diameter of a rotating cylindrical work piece. It is used to
decrease the work piece diameter, generally to a specified
dimension with a smooth finish on the metal [1]. In spite of
the resent development of machine tools and cutting tool
materials, considerably low production rates and
consequently, relatively high machining cost are still
remarkable feature in most machining shops. This is mainly
due to the inconvenient choice of the machining variables
(depth of cut, feed and cutting speed), which is usually based
on mere experience and empirical rules [2]- [4]. The
reduction of the machining costs can be attained by reducing
both idle time and machining time. Idle time is considerably

reduced by the increases of the degree of automation in
machine tools, especially in case of Numerical control (N.C)
machines, while a significant reduction in machining time can
be attained by increasing the metal removal rate. However,
this is limited by the technical restrictions encountered
during machining, and dictated by the machine tool, the
cutting tools and the work piece [5]. These restrictions are
based upon the characteristics of the machine tool and its
accuracy, the material of the cutting tool and its size and
geometry, the material of the work piece to be machined, the
quality of the surface generated, the type of the machining
operation. Therefore, it is required to determine the best
values for the machining variables taking into consideration
both technical and economical point of views, to determine
those values which lead to either minimum machining cost or
maximum production rate and at the same time fulfill the
encountered restrictions. Most of the previous metal cutting
optimization studies were carried out on turning a cylindrical
part with constant diameter and for single path [6]. The
variables affecting the economics of a machining operation
are numerous. As these variables are readily accessible on the
machine tool, their selection has traditionally been
considered as a part of the machine operator's duties
However, the economical selection of the machining variables
involves technical and cost data is not readily available to the
operator, so that an optimum selection can seldom be
achieved by this approach .Taylor [7] stressed this point
some years ago and suggested that an optimum can only be
approached if the selection is made by playing engineering
with access to all relevant information. Gilbert and Brown [8]
stated that a full optimization, taking in to account the
interaction of all processes required to machine the partand
the different values of operation at different production rates,
and possible variation in anticipated sales, is seldom
attempted. A procedure that is often adopted is to select
conditions at each operation to give a sub-optimization.
These conditions are then modified if necessary, after
reviewing the process interaction by inspection of the whole
production system. EL-Hakim [9] treated the optimization
problem by two techniques, linear programming technique
and technological logic algorithm technique to determine the
optimum machining variables in turning operation for a
single path and cylindrical part with constant diameter taking
into account technological and economic constraints such as
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minimum cost as objective function, maximum power of
machine tool, cutting temperature, tool chatter. The turning
process is a useful machining and a versatile operation. It is
the most significant processes are widely used in the
manufacturing industries as a result of its capability of
producing complex geometric surfaces with surface finish
and reasonable accuracy [10]. EN-24 steel is one of the hard
to cut metals as a result of them peculiar properties such as
tendency to strain- harden and low specific heat. This gives
increase to certain problems in its machining like poor
surface finish, large cutting forces, built-up-edge formation
and high cutting-tool temperatures [11,12]. AISI 1030 steel
carried out work material and Tin-plated cutting tool used for
the turning process. L9 orthogonal array used to studies the
turning process characterization [13], [14]. Cemented carbide
plating tool used to cut Steel of the EN 24 alloy in turning
procedure. Then optimum surface roughness value and MRR
predicted for produce the large variation of products in lesser
time [15].

2. Review of Previous Published Studies:

Gilbert and Brown [16] stated that a full optimization,
taking in to account the interaction of all processes required
machining the part and the different values of operation at
different production rates, and possible variation in
anticipated sales, is seldom attempted.

EL-Hakim [17] treated the optimization problem by two
techniques, linear programming technique and technological
logic algorithm technique to determine the optimum
machining variables in turning operation for a single path and
cylindrical part with constant diameter taking into account
technological and economic constraints such as minimum
cost as objective function, maximum power of machine tool,
cutting temperature, tool chatter.

HaKKi and Others [18] applied the geometric programming
for determining the feed and the cutting speed of single pass
turning operation. They considered the unit producing costas
the optimization criterion ,and minimum and maximum
spindle speeds and feeds ,available cutting power ,allowable
tool life, tolerance on the work piece diameter ,surface quality
as constraints .They did not consider the cutting temperature
,tool stresses and shatter resistance as technical constraints
in their work and the neglected the value of depth of cutas a
cutting variable.

El-Kadeem and El-Dardiry [19] treated mathematically the
problem of determining the optimal machining condition in
turning operating (roughing and finishing). The constants
taken into consideration were maximum power of machine
tool, maximum allowable cutting force and feed limit for the
desired component surface finish. The study was on single
and multi-pass machining but for a constant diameter
component, and they assumed that the depth of cut for each
pass is constant.

Abu El Naga and El-Midany [20] treated the problem of
determining the optimum cutting condition for stepped part
turning. A weighted objective function which is a combination

of production cost and production rate was used at different
weighting factors according to the production requirements
under consideration. They constructed a computer program
to solve this problem for roughing and finishing operation.
They assumed that a computer optimization should be
carried out to find the optimal set of condition which can be
used for all steps without interrupting the machine setting to
reduce the producing cost and to increase the production rat
and profit. They did not take into consideration the
constraints encountered during machining such as cutting
temperature, tool stresses, chatter resistance and stability of
system as well as surface quality and deflection of (M.T.W.F.)
system.

Moussa [21] treated the problem of optimum machining
conditions for single pass with constant diameter component
in case of production line method and free production. He
constructed a computer program to determine the optimum
machining variables for minimum cost and for maximum
production rate.

Hitomi [22] presented an analytical approach for the
determination of optimal or near-optimal cutting speeds at
various stages of a multistage machining system. This
approach does not consider any constraints and becomes in-
effective if one is required to find two or more machining
conditions such as depth of cut, feed and cutting speed at
each stage of the system.

Rao and Hati [23] formulated the problem of determining the
optimum cutting conditions for a job requiring multiple
machining operations as a constrained mathematical
programming problem. The machining of a gear blank was
considered and the major operations were turning, drilling
and milling. The objective functions were minimum
production cost, maximum production rate and maximum
profit. They solved the problem for two different cases for the
first objective function (minimum production cost). In the
first case, no restrictions were placed on the time taken by
the individual operations and objective function was taken as
the minimization of the cost of turning, drilling and milling. In
the second case, some constraints were introduced on the
relative time taken for the different operations and the idle
costs were included along with the three machining costs in
the objective function. The sequence of operations was taken
as turning, drilling and milling. The problem has been solved
by using nonlinear programming technique.

BROWN [24] showed that for a multi pass turning operation

with no constraints, except maximum feed, single pass
operation would be cheaper than double pass operation, and
that the optimum cutting conditions for this restrictive case
can be determined analytically. He also studied the multi pass
turning operation under certain generalized constraints.
Ermer and Pradhan [25] showed by example that a double
pass operation may be more economical than a single pass
operation when such practical constraints as surface finish
and horsepower severely restrict the single pass cutting
conditions. They did not consider more than one depth of cut
combination for the roughing and finishing passes.
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Ermer and Kromodihardjo [26] showed by several examples
that the multi pass operation is more economical than the
single pass operation when it is severely restricted by
practical machining constraints. They applied the geometrical
programming combined with linear programming and
consideration only the surface roughness and the
horsepower as constraints.

Abo khashaba and El-Midany [27] treated the optimum
sequence of operation problem in turning. They compared
between two methods to produce a stepped part, but they
considered the same values for cutting variables (depth, feed,
velocity) in the two methods and consequently the same
machining time. The difference between the two methods
was due to the number of operation for each method and
consequently the handling and loading time. In practice, each
stage has a certain cutting variables (d, fand v) according to
the investigations in this field, it is clear that the problem of
the determination of optimum machining variables for
stepped part turning is still unsolved. The aim of the present
investigation is to determine the optimum machining
variables for stepped part turning taking into consideration
the economic and technological constraints encountered in
machining operation and the best method to produce the
stepped part to solve the manufacturing cost and production
time.

Optimization of the machining variables

A technological logic algorithm for the optimization of the
machining variables was used according to the following
steps:

Determination ofthe Initial Values of the Machining Variables
1. The depth of cut (d)

According to the optimization aim, the depth of cut must
be selected as large as possible to reduce the number of
passes and consequently to reduce the machining time and
the manufacturing cost. The initial value will be the largest
possible depth of cut which is to be determined from the
machining allowance in a single pass as follows:

Amax = (dw - df) / 2 d= Amax
2. The feed (f)

After the determination of the depth of cut (d), the value
of the feed (f) has to be determined from the constraints
which involve both of the two variables. Each constraint gives
a certain value of feed (f). The initial value of feed (f) will be
the largest permissible feed obtained from the constraints
using the exchange method, the algorithm for finding (fmax)
will be as follows:

(a) The permissible values of the feed (fi) are determined
from the different constraints, were (i) is the constraint
order.

(b) The first feed (f1) is stored as an initial value.

(c) The second feed (f2) is compared with the stored

value (f1). If the stored value is smaller than the second
feed, delete the second feed otherwise the second feed will be
the stored value.

(d) All other feeds given by the different constraints are
compared with the stored value until a value is obtained
which satisfies all constraints and hence will be the maximum
permissible value. This can be expressed as follows:

fmax = Min (fi) f=fmax (i=1,2,3, ... ,8)

It will be necessary to select the feed value (f) from the
available values according to the capacity of the feed gear box

Where,

fL<f<fu

(fL, fu) = the lower and upper feed in feed gear box
respectively

3. The optimum tool life

The initial value of the tool life will be the optimum tool
life; which is calculated according to the objective of the
process. For minimum manufacturing cost the optimum tool
life is given by:

Topc=C2/C1 (1-m/m)

- For maximum production rate the optimum tool life is
given by:

Topr = Tct (1-m/m)

4. The cutting speed (v)

Using the extended Taylor relationship which is given by
equation (3.2) as follows:

vop = (Cv/Tmop. fp. dq)

by substituting for (Topt), the corresponding optimum
speed is obtained:

vV =vop

The workpiece revolution per minute according to the
following equation:

Nw=(1000.Vop)/(m.dm)

It will be necessary to select the speed value (Nw) from
the available values according to the capacity of the speed
gear box (Nex).

Calculate the exact cutting speed according to (Nex)

Vex=(m.dm.Nex)/1000

The initial values of the machining variables, with which
the program will start, are therefore,

d = Amax f = fmax v = vex
Analysis Software MATLAB
MATLAB software is a statistics package used for analysis of
experimental data. The aims of experimentation are to find
machining variables optimization of Turning operation for a
stepped sample

3. Experimental work

Two sets of experimental were conducted on the work piece
material. The first set was carried out to study the effect of

the radial force component ( I:y ) on the relative deflection

between the tool and the work piece (d@w ) under static
conditions. The second set was carried out by using high
speed steel tools to study the effect of the machining
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variables on the cutting force components and the machine
tool overall efficiency under dynamic conditions. All the
experiments were conducted, under dry cutting condition.
The rang of cutting speeds used was from 8 to 50 m/min.,
while that for feeds was from 0.10 to 0.31 mm/rev. The depth
of cut also varied from 1.0 to 2.5 mm.

3.1 Experimental technique
To study the effect of the depth of cut on the cutting force
components and the overall efficiency, the experiments were
carried out at constant feed (0.10 mm/rev) at different
cutting speeds according the following procedures:
-Set up the machine and the instruments.
-Fix the work piece between chuck and tail stock, and the tool
in the dynamometer.
-Adjusting the zero reading of the force dynamometer and
the power instrument.
-Adjusting the considered cutting variables (d, f, and v).
-Records the values of the cutting force components and the
consumed power (no load power + cutting power) during
cutting operation after the indicators of the two instruments
in stable reading.
-The above steps were repeated for the different values of
cut.
Similarly, to study the effect of the feed on the cutting force
components and the machine tool overall efficiency, the
previous procedures follow at different values of feeds at
constant depth of cut (1.0mm) at different cutting speeds.
From the above results, we can obtain the effect of the cutting
speed on the cutting force components and the overall
efficiency at constant depth of cut at different feeds, and at
constant feed at different depth of cuts.
The machine tool overall efficiency was determined
according to the following procedures:

-The required power consumed ( pr ) at cutting process was
measured in (watts) by using the power measuring
instruments.

-The cutting power ( pc ) was calculated by using equation

-The machine tool overall efficiency was then determined as
follows:

The effect of the rake angle on the cutting force components
and the overall efficiency can be studied at constant
machining variables (d, f,and v) according to the procedures
of the effect of both depth of cut and feed on these quantities.

4. Results and Discussions

4.1 The results of cutting forces
The cutting forces are affected by the machining variables in
different ways.

4.1.1 Influence of the depth of cut (d)
The effect of the depth of cut (d) on the cutting force

components ( F, , Fy and R ) is shown in Fig. 1 to Fig. 5 at

different cutting speeds and at constant feed of 0.10
(mm/rev)
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Fig.1. Effect of the depth of cut (d) on the cutting force
components at V=10m/min and f=0.10 mm/rev.
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Fig. 2. Effect of the depth of cut (d) on the cutting force

components at V=14 m/min and f=0.10 mm/rev.
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Fig.3. Effect of the depth of cut (d) on the cutting
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force components at V=20 m/min and f=0.10

mm/rev.
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Fig.4. Effect of the depth of cut (d) on the cutting

force components at V=29 m/min and f=0.10
mm/rev.
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Fig.5. Effect of the depth of cut (d) on the cutting
force components at V=40 m/min and f=0.10
mm/rev.

Itis clear that the cutting force components increase with the
increase of the depth of cut due to the proportional increase
in the width of cut (b) which leads to the increase of the
cutting forces. The relation between the cutting force
components and the depth of cut could be approximated to a
linear relationship.

4.1.2 Influence of the feed (f)

The effect of the feed (f) on the cutting force components is
shown in Figs.6 to Fig.10 at different cutting speeds and ata
constant depth of cut of 1.0 mm.

With the increase of the feed, the unreformed chip thickness

| , . .
(1) increases, and this led to the increase of the cutting
forces.
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6. Effect of the feed (f) on the cutting force
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Fig.8. Effect of the feed (f) on the cutting force
components at V=19.5 m/min and d=1 mm.
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Fig.9. Effect of the feed (f) on the cutting force
components at V=29.7 m/min and d=1 mm.
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Fig.10. Effect of the feed (f) on the cutting force
components at V=49.5 m/min and d=1 mm.

4.1.3 Influence of the cutting speed (V)

The effect of the cutting speed (v) on the cutting force
components at different depth of cuts and feeds is shown in
Fig. 11 to Fig.13. This effect can be explained by the effect of
frictional conditions at the chip tool interface. Starting from
low speeds (8~20m/min), the coefficient of friction is
relatively large which causes the increases of the cutting
force components and there is only a small amount of chip
flow along the tool face while the chips are torn out. The
internal flow within the chip body leaves the chip underside
to the tool face and cases the formation of built up edge
(B.U.E). With the increases of the cutting speed (20~50
m/min), the chip flow velocity increases, so that the cutting
force are slightly reduced due to the reduction of the
coefficient of friction. On the other hand, the increased chip
flow increases the cold pressure welding on the tool face.
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Fig.11. Effect of the cutting speed (v) and the depth of
cut (d) on the tangential force (Fz) and f=0.10
mm/rev.
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Fig.12. Effect of the cutting speed (v) and the depth of
cut (d) on the radial force (Fx) and f=0.10 mm/rev.
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Fig.13. Effect of the cutting speed (v) and the depth of
cut (d) on the radial force (Fx) and f=0.10 mm/rev.

Optimization Results:

As a practical application of the present investigation,
the product shown in Fig.14 was used as a case study
for the determination of the optimum machining
variables which minimize either manufacturing cost or
production time. Two methods were used to present
the proper technique which must be followed to
manufacturing this product. First, the optimization
technique was used to determine the optimum
machining variables for each stage. If the machining
variables are differs from stage to another, the suitable
modification is carried out on the machining variables
of one stage or more to minimize the total
manufacturing cost or the production time.

3.2.1. Minimum Cost Condition:

The output data of the program for the three stages of
the product, machined according to the sequence of
operations in method (1). It is clear that the depth of
cut, feed, and speed (Nw) for each stage are constant
and they represent the optimum cutting conditions for
all stages. The optimum cutting conditions for the same
product machined according to the sequence of
operations in method (2). From this table, it is clear
that the feed differs from stage to another due to the
change in the depth of cut, while the speed (Nw)
remains constant. So that, the manipulation time in this
method is increases than in method (1) due to the
change of feed in each stage. The time required
changing the feed or the speed was found to be 15 sec,
and was obtained from motion and time study carried
outin lathe workshop. The total manufacturing cost for
this method becomes 20.67 P.T.

(A)

50
a5
|
T

100

150

(B)

Fig.14. Sequence of machining operation of the

product (a) method 1 and (b) method 2.

5. Conclusions and Recommendations:

According to the above results and, it can be followed
that:

1. By increasing the machining variables (cutting
speed, feed, and depth of cut), the cutting force
components were found to decrease with the cutting
speed (outside the built-up-edge range), and to
increase with the other two variables.

2. It was possible to establish empirical formulae for
the determination of cutting force components as
functions of cutting speed, feed, and depth of cut.

ACKNOWLEDGEMENT

Financial and moral supports from Helwan University and its
staff at the Faculty of Technology and Education cannot be
expressed.

REFERENCES

[1] P.P.Shirpurkar, S.R.Bobde, V.V.Patil, B.N. Kale,, " Optimization
of Turning Process Parameters by Using Tool Inserts- A
Review", International Journal of Engineering and Innovative
Technology (IJEIT) Vol. 2, Issue 6, 2012.

© 2021,IRJET | ImpactFactor value: 7.529

IS0 9001:2008 Certified Journal | Page 1210



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 08 Issue: 02 | Feb 2021

www.irjet.net

p-ISSN: 2395-0072

[2]

(3]

(4]

(5]

(6]

[7]
(8]
(]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

H.M.Somashekara et al., OPTIMIZING SURFACE ROUGHNESS
IN TURNING OPERATION USING TAGUCHI TECHNIQUE AND
ANOVA’ International Journal of Engineering Science and
Technology (IJEST), ISSN : 0975-5462 Vol. 4 No.05 May 2012.

Ashvin ]. Makadia a, M, ].I. Nanavati, Optimisation of machining
parameters for turning operations based on response surface
methodology, Measurement 46 (2013) 1521-1529

Kaladhar, Venkata Subbalah, et al,, Determination of \optimum
Process Parameters during turning of AISI 304 Austenitic
Stainless Steel using Taguchi method and ANOVA,
International journal of lean Thinking Volume 3, Issue 1 (June
2012).

L.B Abhang and M. Hameedullah, “Optimization of Machining
Parameter in Steel Turning Operation by Taguchi Method”,
nternational Conference on Modeling, Optimization and
Computing, procedia Engineering 38 (2012) 40-48

Tanveer Hosssain Bhuiyan, Imtiaz Ahmed, "OPTIMIZATION OF
CUTTING PARAMETERS IN TURNING PROCESS", Journal of
Production Engineering, volume 16 No. 2,2013

Taylor, F.W., "On the Art of Cutting Metals", Trans. Arner. Soc.
Mech. Engrs. (1907).

Gilbert, W.W., "Economics of Machining", Machining Theory
and Practice, Arner. Soc. Metals, (1950).

El-Hakim, M.A, "Optimization of the Machining Variables",
Proc. 2nd Annual Conf,, Cairo Univ., Volume 2, (1975).

Govindan p. and Vipindas M. P, "SURFACE QUALITY
OPTIMIZATION IN TURNING OPERATIONS USING TAGUCHI
METHOD—A REVIEW", Int. ]. Mech. Eng. & Rob. Res. Vol. 3, No.
1, January 2014.

Archana Thakur, Alakesh Manna, ‘Sushant Samir Multi-
Response Optimization of Turning Parameters during
Machining of EN-24 Steel with SiC Nanofluids Based Minimum
Quantity Lubrication” Silicon 12:71-85, (2020)

Singh H, Kumar P, “Optimizing feed force for turned parts
through the Taguchi technique. Sadhana 31(6):671-681,
(2006)

M. Nalbant, H. Gokkaya, G. Sur, Application of Taguchi method
in the optimization of cutting parameters for surface
roughness in turning, Mater. Des. 28 (4) (2007) 1379-1385.

P.P. Sarkar, S.K. Dhua, S.K. Thakur, S. Rath, Analysis of the
surface defects in a hot-rolled low-carbon C-Mn steel plate, J.
Fail. Anal. Prevent. 17 (3) (2017) 545- 553.

S. Dinesh, A. Godwin Antony, K. Rajaguru, V. Vijayan,
Investigation and prediction of material removal rate and
surface roughness in CNC turning of EN24 alloy steel, Asian ].
Res. Social Sci. Human. 6 (8) (2016) 849-863.

F.Nouh, OmaymakEl-Kadyc “Effect of graphene nano-
sheets content and sintering time on the microstructure,
coefficient of thermal expansion, and mechanical
properties of (Cu /WC -TiC-Co) nano-composites”
Journal of Alloys and Compounds Volume 764, 5 October 2018,
Pages 36-43

OmaymaEl-Kadya ,Hossam M.Yehiab ,F.Nouh
“Preparation and characterization of Cu/(WC-TiC-
Co)/graphene nano-composites as a suitable material
for heat sink by powder metallurgy method”
International Journal of Refractory Metals and Hard Materials,
Volume 79, February 2019, Pages 108-114

LutaoYan ,QiWang ,HaiyuanLi ,QinjianZhang
“Experimental investigation on cutting mechanisms in
fixed diamond wire sawing of bone” Journal of Precision
Engineering , March 2021, Pages 319-325

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

YuhanChen ,JunWang ,QinglongAn “Mechanisms and
predictive force models for machining with rake face
textured cutting tools under orthogonal cutting
conditions” Journal of International Journal of
Mechanical Sciences, Volume 195, 1 April 2021, 106246

Ahmed S. EIMesalamy and AmroYousse “Enhancement
of cutting quality of abrasive waterjet by using multipass
cutting strategy” Journal of Manufacturing Science ,
Volume 32, January 2021, Pages 188-195

Fritz Klocke ,Thomas Bauernhansl ,Marco Schneider
“Methodic development of laser micro structured
cutting tools with microscale textures for AW7075
aluminum alloy using a Plackett-Burman screening
design” CIRP Journal of Manufacturing Science and
Technology, Volume 32, January 2021, Pages 188-195

Fangyan Zheng ,Xinghui Han ,Hua Lin ,Wanhua Zhao,
“Research on the cutting dynamics for face-milling of
spiral bevel gears” Mechanical Systems and Signal
Processing,Volume 153, 15 May 2021, 107488

José Rubens ,Gongalves , Carneiro ,Elhadji Cheikh
,TalibouyaBa ,Vitor FerreiraVieira, Study on roughness
and form errors linked with tool wear in the drilling
process of an Al-Si alloy under high cutting speed using
coated diamond-like carbon high-speed steel drill bits”
Journal of Manufacturing Processes, Volume 62,
February 2021, Pages 711-719

Zhang Ping ,Yue Xiujie ,Wang Penghao ,YuXiao, “Surface
integrity and tool wear mechanism of 7050-T7451
aluminum alloy under dry cutting” Journal of Vacuum
Volume 184, February 2021, 109886

YeXu, JiaoLiu ,QingxianHu ,XiaoliWang ,NaifeiRen
,WeiZhou ,XudongRen , “Magnet-assisted laser hole-
cutting in magnesium alloys with and without water
immersion” Journal of Manufacturing Processes ,
Volume 61, January 2021, Pages 539-560

Florian Fetzer, Christian Hagenlocher, David Blazquez-
Sanchez, Rudolf Weber ,Thomas Graf “Transition from
Stable Laser Fusion Cutting Conditions to Incomplete
Cutting Analysed with High-speed X-ray Imaging”
Journal of Manufacturing Processes, Volume 60,
December 2020, Pages 470-480

K.Muralidharana ,S.Shalini , Packiam Kamalab,
D.AlankruthacK ,Bhanu PrakashcRam ,SubbiahcS
“Parametric analysis and performance of laser cutting
on strenx steel” Journal of Manufacturing Processes ,
10.1016/j.matpr.2020.10.573

© 2021,IRJET | ImpactFactor value: 7.529

IS0 9001:2008 Certified Journal |

Page 1211



