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Abstract - The basic endeavor in any production processoiprbduce an acceptable component at the
minimum possible cost. In order to achieve thiseobiye in metal cutting or metal machining, mantgpts
have been made in several different ways; suchptimiaing the tool life in order to minimize theqafuction
cost, maximizing the production rate to reduceptarluction cost, etc. but no single effort has bieand fully
successful because of the numbers of complexitieshied in the process. For example, if cuttingespés
reduced in order to enhance the tool life the nmetaloval rate is also reduced and therefore, thdymtion cost
increased. A similar effect is observed if the gffchave been made to increase tool life by redutie feed
rate and depth of cut. Against this, if the effatmade to increase the metal removal rate by aobally
increasing the cutting speed, feed and depth ottaittool life shortens and therefore, toolingténsreases and
so the total production cost is also increasedalarice is therefore required to be stuck and anedre cutting
speed determined, corresponding to which an ecarataol life will be ensured and an economicaldarction
will result. The relationship between various casdsociated with production is shown in fig givestow. The
present study focuses on such methods of imprah@groduction rate in turning operation.

Keywords. production process; metal machining; productide;reutting speed; feed; depth of cut.

1. INTRODUCTION TO TURNING fig below shows the mechanics of chip formation in
Turning is the removal of metal from the outemachining operation.
diameter of a rotating cylindrical workpiece. Turgi When turning, a piece of relatively rigid material

is used to reduce the diameter of the workpiecésuch as wood, metal, plastic, or stone) is rotaisdi
usually to a specified dimension, and to produce a cutting tool is traversed along 1, 2, or 3 axés o
smooth finish on the metal. Often the workpiecd wilmotion to produce precise diameters and depths.
be turned so that adjacent sections have differemurning can be either on the outside of the cylirmte
diameters. on the inside (also known as boring) to produce
Turning is a machining process in which a cuttingubular components to various geometries. Although
tool, typically a non-rotary tool bit, describede@ical now quite rare, early lathes could even be used to
tool-path by moving more or less linearly while theproduce complex geometric figures, even the platoni
workpiece rotates. The tool's axes of movement maplids; although since the advent of CNC it has
be literally a straight line, or they may be al@mme become unusual to use non-computerized tool-path
set of curves or angles, but they are essenti@gat control for this purpose.
(in the nonmathematical sense). Usually the term

"turning” is reserved for the generation of extérna Chip Flow
surfaces by this cutting action, whereas this same T
essential cutting action when applied to internal  pepth of Cut Direction of Cut

/A

surfaces (that is, holes, of one kind or anothsr) i i

called "boring". Thus the phrase "turning and bgltin A ool

categorizes the larger family of (essentially samil o o ‘f”d_}__ Clearance
processes. The cutting of faces on the work pit ( B — Angle

is, surfaces perpendicular to its rotating axid)ether T }

with a turning or boring tool, is called "facingdnd Work

may be lumped into either category as a subset.
Turning can be done manually, in a traditional Fig 1. Basics of Chip Formation

form of lathe, which frequently requires continuous _ _ )

supervision by the operator, or by using an autethat 1 e tuming processes are typically carried out on

lathe which does not. Today the most common type &¢'athe, considered to be the oldest machine taots,

such automation is computer numerical control,epett €@ be of four different types such as straighting,

known as CNC. (CNC is also commonly used wittiaper turning, profiling or external grooving. Tleos

many other types of machining besides turning.p THYPES of turning processes can produce variouseshap
of materials such as straight, conical, curved, or
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grooved workpiece. In general, turning uses simplife better we cannot increase the depth of cutvabo

single-point cutting tools. Each group of work p@ec certain extent.

materials has an optimum set of tools angles which This gives rise to obtaining the optimum speed,

have been developed through the years. feed and depth of cut in order to improve the
The bits of waste metal from turning operationgroduction rate in turning operation.

are known as chips (North America), or swarf The basic endeavor in any production process is to

(Britain). In some areas they may be known aproduce an acceptable component at the minimum

turnings. possible cost. In order to achieve this objectime i
metal cutting or metal machining, many attemptsehav
2. RATE OF PRODUCTION been made in several different ways; such as

The term rate of production refers to the no obptimizing the tool life in order to minimize the
components machines per unit time. It is the rafio production cost, maximizing the production rate to
the components being machined to the time requiredduce the production cost, etc. but no singlereffo
for the machining of those components. It is dédra has been found fully successful because of the
in every industry that this rate of production slddoe  numbers of complexities involved in the process. Fo
as high as possible. There are number of factors emample, if cutting speed is reduced in order to
which this rate is influenced. Some of them are amnhance the tool life the metal removal rate i® als

follows: reduced and therefore, the production cost inctease
» Cutting speed A similar effect is observed if the efforts haveebe

e  Feed made to increase tool life by reducing the feea rat
« Depth of cut and depth of cut. Against this, if the effort isdrato

increase the metal removal rate by substantially

2.1 Cutting speed: It is one of the major factor on increasing the cutting speed, feed and depth otioet
which the rate of production depends. In order t&ol life shortens and therefore, tooling cost éasres
increase the material removal rate (MRR) the cgttinand so the total production cost is also increaged.
speed should be as high as possible, so in orderfglance is therefore required to be stuck and a
improve the rate of production one will just incsea reasonable cutting speed determined, correspotaling
the cutting speed keeping all the remainingvhich an economical tool life will be ensured amd a
parameters constant. But the major problem in tHeconomical production will result.

increasing the cutting speed is that at higherirqytt

speed the life of the tool may reduce as the tetd g 3. FACTORS AFFECTING THE RATE OF
overheated during the operation. So the cuttinggpe =~ PRODUCTION

should be selected in order to enhance the rate of There are several factors which affect the
production at the same time with optimum tool bfe Production rate of any machining operation. Some of
the tool. them are directly affecting the production rateelik
2.2 Feed: It is also major factor on which the rate ofcutting speed, feed rate and depth of cut, whikeiot
production depends. In order to increase the naaterinay influence the rate of production indirectlyeljk
removal rate (MRR) the feed should be as high d¥esence or absence of cutting fluid, nature okwor
possible, so in order to improve the rate of préidnc e performed, nature of machine tool on which work
one will just increase the feed keeping all thds to be performed. In order to consider the effefct
remaining parameters constant. But the majcgach parameter one should have detailed knowledge
problem in the increasing the feed is that at highébout all these parameters affecting the production
feed rate the life of the tool may reduce as tha torate.

gets overheated during the operation. So the fated r 3.1 Cutting speed, feed and depth of cut:

should be selected in order to enhance the rate of The cutting speed of a cutting tool may be defined
production at the same time with optimum tool bfe as the speed at which the cutting edge passegtuver
the tool. material. Cutting speed is ordinarily expressed in
2.3 Depth of cut: In order to improve the material meter per minute, often referred to as surfacedspee
removal rate, the depth of cut should be as high &eter per minute.

possible i.e. the depth of cut is directly propmnél to The feed of a cutting tool is the distance the tool
the material removal rate so as the rate of praoluct advances into or along the work piece each time the
So if we want to increase the rate of productior, wtoO! point passes a certain position in its travetr
should increase the depth of cut in the turningne surface. In the case of turning on the lathe, t
operation but the major problem in increasing th ed is the distance that the tool advances in one
depth of cut is that it affects adversely on thdame revolution of the work piece. On a shaper, the fised
finish and the life of the tool. This means it isthe distance the work is moved relative to the fool
inversely proportional to the surface finish andlto €ach cutting stroke. For single point tools, feed i

life. So in order to maintain the surface finisiiaool ~ specified in millimeters per revolution, millimeser
per stroke, etc. It also may be expressed as

millimeters per tooth for milling cutters and brbas.
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Since so many factors must be giversame for the reference material. Reference magerial
considerations, it is difficult to state definitelyhat are selected for each group of work materials ¢fesr
the speed and feed foe a given material shouldnbe.and non-ferrous) among the most popular and widely
general the speed and feed are determined by thsed brands.

following factors. If KM > 1, the machinability of the target material

» Kind of material being cut. is better that this of the reference material, aive

e Kind of material and life of the tool. versa. Note that this system can be misleading
. Shape and dimensions of the Cutting elements. because the index is different for different ma'ct’rgn

»  Size of chip cross section. processes.

«  Type of finish desired. 34 Tool life:

Tool life can be defined as the time interval for
which the tool works satisfactorily between two
successive grindings. Thus, it can be basically
conceived as functional life of the tool. The tasl
ubjected to wear continuously while it is opermgtin
bviously, after some time, when the tool wear is

» Rigidity of the machine tool.
» Type of coolant used.

3.2 Machinability
The ease with which a given material may b

worked with a cutting tool is machinability. It . : . ”
9 y increased considerably, the tool losses its akibitgut

?ep%nﬁ:nzzél composition of the material of Workefficiently and must be reground. If not it willtédly
piece P fail. The life can be effectively used as the bdsis

evaluate the performance of the tool material, sece
. . machinability of the work piece material and know
* Mechamcal prop_erﬂes. the cutting condition. Following are the factors
*  Physical properties. affecting the tool life of the cutting tool.

»  Cutting conditions. . Cutting speed

In evaluating the machinability the following cri@ , Fooqand depth of cut

may be considered. - Tool geometry

» Tool life between grinds. < Tool material

» Value of cutting forces. «  Work material

*  Quality of surface finish. . Nature of cutting

*  Formand size of chlps.. * Rigidity of the machine tool
e Temperature of the cutting. . Use of cutting fluid

» Rate of cutting under the standard force.

* Rate of metal removal. 4 METHODS OF IMPROVING THE RATE
The main factors to be choosen for judging the  oF PRODUCTION:

machinability depends on the type of operation angl 1 By increasing the cutting speed:
the production requirements. Some factors that are |i'is one of the major factor on which the rate of
used to predict and calculate machinability areiten production depends. In order to increase the nateri
strength, Brinell hardnes_s and shear angle. Tharshgeemoval rate (MRR) the cutting speed should be as
angle of given material may be calculated byigh a5 possible, so in order to improve the rdte o
comparing chip thickness before removal and chigroquction one will just increase the cutting speed
thickness af‘te'r removal. Let the chip th|ck.ne‘s:7:)tuef keeping all the remaining parameters constantitiat
removal is ‘a’” and that of after removal is ‘b’ &h aior problem in the increasing the cutting speed i
shear angle is found by the formula- that at higher cutting speed the life of the toaym
Tanp = cog/1-siny. reduce as the tool gets overheated during the
S operation. So the cutting speed should be selénted
3.3 Machinability index: o order to enhance the rate of production at the same
Machinability is a term indicating how the work tjme with optimum tool life of the tool.
material responds to the cutting process. In th6tmo  The effect of increasing the cutting speed on the
general case good machinability means that materigy jife will be revealed from the fig. below:
is cut with good surface finish, long tool life,wo

force and power requirements, and low cost.

A closer definition of machinability requires that
some quantitative judgments be made. Several
possibilities are available, but in practice solezhl
machinability index is often quoted. The
machinability index KM is defined by

KM = V60/V60R

Where V60 is the cutting speed for the target

material that ensures tool life of 60 min, V60Rte

*  Micro structure
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Tool life the major problem in increasing the depth of cut is
that it affects adversely on the surface finish &mel
life of the tool. This means it is inversely proponal
to the surface finish and tool life. So in order to
maintain the surface finish and tool life better we
cannot increase the depth of cut above certaimexte

It is observed in the above fig that depth of cut
should not be increased beyond a certain limitdeo
to reduce the cutting force required to cut theaet
Cutting speed and to achieve good tool life which in turn restts
Fig.2 Relationship between cutting speed and tfwol | redUCt'o_n of tooling cost and ultimately the
production cost.
It is observed in the above fig that cutting speed The effect of increasing the depth of cut on the
should not be increased beyond a certain limirdeo cutting force will be revealed from the fig. below:

to achieve good tool life which in turn results in Cuttiss fovce

reduction of tooling cost and ultimately the

production cost.

4.2 By increasing the feed rate:

It is also major factor on which the rate of
production depends. In order to increase the nadteri
removal rate (MRR) the feed should be as high as
possible, so in order to improve the rate of proidac
one will just increase the feed keeping all the Depth of cut
remaining parameters constant. But the major
problem in the increasing the feed is that at highe
feed rate the life of the tool may reduce as th@ to
gets overheated during the operation. So the feed r
should be selected in order to enhance the rate gf,
production at the same time with optimum tool lbife
the tool.

The effect of increasing the feed on the tool lif
will be revealed from the fig. below:

Fig. 4 Relationship between depth of cut and cgttorce

4.4 By using more than one tool simultaneoudly:
Generally conventional turning involves one
gle point cutting tool (SPCT) which moves linear
to the work piece (feed motion) and the work piisce
having a rotational motion as it is fixed in thersje

%f the lathe machine.

Turning is one of the most common of metal
cutting operations. In turning, a work piece isatetl
about its axis as single-point cutting tools ar ifeo
it, shearing away unwanted material and creatimg th
desired part. Turning can occur on both externdl an
internal surfaces to produce an axially-symmetrical
contoured part. Parts ranging from pocket watch
components to large diameter marine propeller shaft
can be turned on a lathe. The capacity of a lathe i
expressed in two dimensions. The maximum part
diameter, or "swing," and the maximum part length,
Feed or "distance between centers."

Fig. 3 Relationship between feed and tool life The general-purpose engine lathe is the most basic

turning machine tool. As with all lathes, the twasle

It is observed in the above fig that cutting speegkquirements for turning are a means of holding the
should not be increased beyond a certain limirdep work while it rotates and a means of holding cugtin
to achieve good tool life which in turn results intools and moving them to the work. The work may be
reduction of tooling cost and ultimately theheld on one or by both its ends. Holding the woyk b

Tool life

production cost. one end involves gripping the work in one of selvera
types of chucks or collets. Chucks are mountechen t
4.3 By increasing the depth of cut spindle nose of the lathe, while collets usuallgtse

In order to improve the material removal rate, théne spindle. The spindle is mounted in the lathe's
depth of cut should be as high as possible i.e. thaeadstock," which contains the motor and geantrai
depth of cut is directly proportional to the madéri that makes rotation possible.
removal rate so as the rate of production. So if we In modern industry the goal is to manufacture low
want to increase the rate of production, we shoulgbst, high quality products in short time. Turniisg
increase the depth of cut in the turning operalioh the most common method for cutting and especially
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for the finishing machined parts. Furthermore, irsingle point cutting tool mounted on the two tool
order to produce any product with desired qualigy bposts which are located in front of one another. Fo
machining, cutting parameters should be selectdtie simplicity of understanding we call the firgigle
properly. In turning process parameters such agwint cutting tool as tool A and the second single
cutting tool geometry and materials, the depthudf ¢ point cutting tool as tool B. The first tool that tool
feed rates, cutting speeds as well as the usetiigu A is fixed in the tool post in conventional manner
fluids will impact the material removal rates amet while the second tool that is tool B is fixed ireth
machining qualities like the surface roughness, theecond tool post which is mounted on the same
roundness of circular and dimensional deviations afarriage but in opposite direction of the firstltpost.

the product. Surface roughness of cutting procass hBoth the tool posts are attached or slides over the
been studied intensively, mostly through experiment same lead screw with the help of single handle.

The arrangement is made in such a way that when
we rotate the handle, both the tool post along tith
tools comes close to each other with the same
distance. The center of the tool post is not at the
center of the job but a little offset is given t@ttool
posts. The arrangement is made in such a way that
when we give depth of cut of say 2mm to tool A, the
tool B automatically provides the depth of cut aim
on the other side of the first tool post. Also btithse
tools are situated at some distance from each dther
seen from top, which means tool B starts its ofrayat
only after the tool A travels some distance on the
work piece or after sufficient interval of time.

Conventionallv turning is done by holding a work It is noted here that for accomplishing the metal
. ventionatly gisc y 9 cutting, tool B must be placed in the inverted clii@n
piece rigidly in the work holding device called chu in the tool post. So the tool post for the secaal B
which is attached to the spindle of the lathe maehi post. P

The spindle rotates about the axis which s situated lower than that of tool post for thelta in

. ; . . order to achieve the centers of both tools in daag
perpendicular to the spindle. The tool which ISre arrangement is shown in the figure
generally single point cutting tool is fixed ontoet '
tool post which is free to move linearly in the
direction parallel and perpendicular (in facing
operation) to the direction of the axis of rotatifrthe
spindle. As the tool material is harder than thekwo
piece material, when the relative motion between th
tool and the work piece occurs, the material shears
along the shear plane. Thus some material is rethove
in the form of chip from the work piece leadingthe
formation of the desired part. The fig below shdies
conventional setup for the turning operation.

Fig. 5 Turning Operation

Fig. 7 Multi Tool Turning Setup

This method of turning by sing two tools
simultaneously would serve the purpose of improving
the production rate more profitably than the other
three methods discussed earlier. The method ddes no
affect the tool life of the single point cuttingoto
rather the conditions which given optimum values of
cutting speed, feed and depth of cut is selecteld an
instead of turning the component using one single
point cutting tool , it is done by using both tlmls
simultaneously.

The shortcomings of this type of turning are
5. EXPERIMENTAL SETUP: generally associated with the cost of toolings.itSo

The experimental setup for such turning operatioH~Iay be proposed that this type of turning setupilho
is described in the following figure. It consististwo

Fig. 6 Conventional Turning Setup
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be employed if the industry is having mass producti increasing the cutting speed, feed and depth oftloeit
with large number of component to be producetbol life shortens and therefore, tooling cost @ages

without variation in the design.

6. ADVANTAGES OF THE MULTI
TURNING APPROACH:

TOOL

and so the total production cost is also increased
Generally conventional

single point cutting tool (SPCT) which moves linear

to the work piece (feed motion) and the work piece

turning involves one

1. By using two single point cutting tools ratherhaving a rotational motion as it is fixed in thensite
than one, machining (turning in this case) timef the lathe machine. The present paper focus the

will be reduced considerably.

possibility of employing one more single point aut

2. For similar volume of metal removal, tool life of tool in the operation and then checking its effext
the tools used in multi tool turning is more asverall productivity of the component.

compared to the tool life of the tool in single ltoo
turning.

3. To obtain good quality of finished surface, the
depth of cut should be minimum. It is possible to[1]
reduce the depth of cut in multi tool turning to
obtain high surface finish without affecting the [2]
metal removal rate

4., The amount of cutting force or power
consumption is also reduced because the depth ¢8]
cut is decided in accordance with the standard
specifications. [4]

7. TENTATIVE SHORTCOMINGS OF THE
MULTI TOOL TURNING APPROACH: [5]

1. Cost associated with the toolings is increased.

2. The new attachment used to accommodate the
second tool will carry high cost. [6]

3. The technique should be used for mass
production where the quantity of production is
very high with littte or no variation. This
compensates the high initial cost of the
attachment.

4. As both the tools are somewhat offset to each
other, finishing the turning operation is not
possible in single pass using both the tools.

5. To operate the tools having such type of
attachment requires skilled labor.

So it is suggested that this technology should be
used in the industries where there is a large nuwbe
components to be turned at lowest possible cost.

[7]

8. CONCLUSION

The basic objective in any production process is to
produce an acceptable component at the minimum
possible cost. In order to achieve this objectime i
metal cutting or metal machining, many attemptsehav
been made in several different ways; such as
optimizing the tool life in order to minimize the
production cost, maximizing the production rate to
reduce the production cost, etc. but no singlereffo
has been found fully successful because of the
numbers of complexities involved in the process. Fo
example, if cutting speed is reduced in order to
enhance the tool life the metal removal rate i® als
reduced and therefore, the production cost inctbase
A similar effect is observed if the efforts haveebe
made to increase tool life by reducing the fee@ rat
and depth of cut. Against this, if the effort isdrato
increase the metal removal rate by substantially
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