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Designing a satisfactory machine tool necessi=-
tates the determination of tool farces. This project
is an gttempt to study forces, .coming on the lathe tools
due to various parameters such as depth of cut and feed
ete.

The forces are measured by means of straingag2
type torsional dynamomoter. The dynamometer is designed
and fabricated in the University Workshop. The graphs
between the force and various parameters are drawn, then
an emperical formula has been established in force,
depth of cut and feed rate,



PART - 1
THEORETICAL REVIEW






LNIRODUCT (RY .

The term "Machinability™ does not lend itself to
an exact definition, scceptsble to all authorities. The
"Eage" with which a given material may be worked with
a cutting tool changes with the "Machine Variabdles".

The vericus quantities that define the pnrt!.eulﬁ machine
set-up used in carrying out a given operation on the werk
material are as followss

1. Cutting spoed ,

2, Dimensions of the cut (Feed, Dapth etc.)

3. Tool Gtanafry (angles, radii sto.)

4. Tool Material

5. Cutting Fluid

6. Rigidity and tool ch;a_tte.ro,

 Likewise, for a given set of machine conditions,

the "ease™ of machining varies with the "work material
veriables", These variables are

1. Hardness

2+ Tensile properties

3+ Chemical composition

4. Microe-structure

5-_Degru of cold work

6. Strain hardenabdility.

Further, the criteria for judging the "ease™ of
working a metal vary with with preference of experinmenter



CHAPTER -1,
MACHIRABILITX

The term "machinability™ does not lend itself to
an exact definition, acceptable to all authorities, The
"ease" with which a given material may be worked with
a cutting tool changes with the "machine variables®.

The various quantities that define the particular machine
get-up used in carrying out a given operation on the work
material are as follows:

1, Cutting speed

2+ Dimensions of the cut{Feed, Depth etc.)

3. Tool Geomatry (angles, radii eté.)

4. Too Material

5, cutting Fluild

6., Rigidity and tool chatter.

Likewise, tor a given set of machine conditions,
the "ease"™ of machining varies with the “work material
variables®". These variables are:

1, Hardness

2. Tensile properties

3. Chenical composition

4, Micro-structure

5. Degree of cold work

6, Strain hardenability.

Further, the criteria for judging the "oase" of

working a metal vary with the preference of experimenter



or the requirements of the Job. OSome of the mere common
of these criteria, used singly or jointly as a measurs
of the ease of wvorking a metal, are given below:
General vcriterla
1. Life of the cutting tool between two resharpenings
2+ Magnitude of tool forces
3. Quality of the surface finish.

These three c¢riteria are directly related to the
machining cost. Three quantities - tool life; tool
forces; and finlsh - have becoms the most commonly
accapted qpasufes of machinability for shop use. Out of
these three quantities mentioned, the forces developed
by cutter of a machine tool and the power requirements
of the motor are of importance for following reasons:

a) The selsction of the proper size of motor to
be employed on the machine tool.

b) The design of the power transmission from the
motor to the cutting tool.

¢) The design of the feed mechanism.

d) The determination of stresses and deflection
in the frame and various parts of the machine
tool.

@) The purpose of design of jigs, fixtures and
gpecial devices for holding the work during
machining operation.

f) The selection of the proper size of the cutting
tools and their spplications.



Because of above reascons,the tool forces play

an important part in the design of machine elements. To

know these forces, it 1g essentiasl to develope the

apparatus. In the present work the lathe tool forces

are meagsured with the help of a dynamoneter.

1Q0L FCRCES

The system of cutting forces is three dimensional

in the general metal cutting operations., With the

exception of orthogonal cutting, when the resultant force

on the tool has only two components. The following

assumptions have to be made before the forces can be

shalysed.

le

3,

4,

5.

6.

Thege assumptions sre as follows:

The c¢hip is in a stsble mechanical equilibrium under
the action of the forces exerted on it at the tool
face znd the ghear plane.

The shear surface is a plane extending upwards from
the cutting edge.

The intensity of stress and strain is constant
throyghout the shear plane.

Micro-structure of the work material and the chip
13 the same. '

Cutting edge is a straight line extending perpendi-
cular to the direction of motion and generates a
plane surface as 1t moves pasﬁ the work.

The chip does not flow to either side.

7. The depth of cut is uniforn.

8.

Tho width of the tool 1is greater than that of worke



plece,
9+ The tool moves relative to the vork with unifornm
velocity.
10. A contlinuous chip is formed without built.up edge.
11, The tool is perfectly sharp and there 1s no contact

along the clearance face.

Although the assumptions are not sbsolutely correct,
the results of the enalysies are rensonably accurate.

When the chip is isolated as a free body (Fig.1-1),
we need consider only two forces.  The force between the
tool face and the chip (R) and the force between the work-
plece and the chip along the shear plane (R'). For
equilibrium, these must be aequali

R =R sece (1)
‘The forces R B R! are conveniently rosolved into
three seéts of components as shown in Flg. 1-82.
1. In the horizontal and vertical directione Fy, and F,
2, Along and perpendiculer to the shear plane F, and Ny
3« Along and perpendicular to the tool face P and K.

For convenience and simplscity, the forces R and
R gre plotted at the tool point instead of at their
actual point of application. R and R' {(which are equal
and parsllel) are coincident, snd are made the diameter
of ths dotted reference circle shown.

Analyticsl relationships may be obtagined for the
shear and friction components of force in terms of the
horizontal and vertical components Fj, and Fye Fp and Py
are the compononts determined experimentally by means of

strain gage dynamometer (Chapter III),
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From Fig. 1-3a it is evident that
Fg=Fypcos § -7, sind vese (2)
Ngos FPycos § + Fsinf ..o (3)
= P, tan (B¢ B--X ) .
Similarly from Fig. 1-3b
F = Fy sins + Fy cos< seee (4)

N = Fj cost + Fy sing vess (B)

Thus knowing horizontsl and vertical components
of the force Fy and Fy, Take angle of the tool, and
the shear angle f, it is possible to calculate shear
force components Fy and Ny, Friction force F, Nornal
reaction N and the coefficient of friction ( )

%= tan ® F ., Fh sinA 4 F; cos<
H Fp cos  « Fy sin

Fy 4+ Fp tan<

Fp ~ Fy tan

[ LR B J (6)

In turning operatiocns, we have three components
of the force:
1. Tangential force
2. Longitudinal or Feed force
3. Radial force. B
The radial force component of the cutting force -
is normaliy.seall in magnitud- {about 10f of the total
force) and can be .n'eglacted without much loss of aceuracy.

100L ROMENCLATTRE
A single point tool embodies seversal geometrical

elements which are classified and defined speécifically.
Each tool conslists of a shank and a point,
A typical tool designation will consist of the



followings
1. Tool material
2. Tool size
3. Tool angles and nose radius.

The size of a tool of square or rectangular section
is expressed by giving in the order, viz, the width of
shank ¥, the height of shank H and the tool length L.

The varioys tool angles are defined below:

Back rake angles

This is the angle between the face of the tool and
the base of the shank or holder, usually measured in a
plane through the side-cutting edge and at right angles
to the base Fig. 1-4, It is positive if the face slopes
downﬁard from the point toward shank, tending to reduce
the included angle of the tool pointi it is positive if
the face slopes upward toward the shank.

Side rake angle:

It i{s the gngle between the face of the tool and
the base of the shank or holderj it is usuglly measured
in a plane perpendicular to the base and to the side-
cutting edge.
gide relief ancles

An angle between the portion of the side flank
immediately below the side-cutting edge and a line drawn
through this cutting - edge psrperdicular to the base is
known as side-relief angle Fig.l-4.

End-relisf angle!
This is the angle between the portion of the end
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flank immediately below end-cutting edge and a line drawn
through that cutting edge perpendicular to the base, It
is usually measured in a plane at right angles to the

end flank.

Clearance angie is the angle between a plane
perpendicular to the base of the tool or holder and that
portion of the flank immediately below the relieved
flank. Side clearance angle is measured in the plane of
the back 'raké angle, similarly, end clearance angle 1is
measured in the plane of slde rake angle. The clearance
angle 1s greater than its corresponding relief angle,
except when only one plane exists on the flank, in which

cese the clearance and relief sngles would ;oin&ide.

tine edge ol
In Fig. 1-4, this 1s the angle between the straight
$ide -cutting edge and tho side of the tool shank.
gutting e lai _
This i1s the angle between the cutting edge on the
end of the tool point and a line at right angles to the
gide of the tool shank,
As shown in Fig.l-4 the nose radius of tool is the
radius at the cutting point of the tool,
Tool cheracter is g convenient and abbreviated
designation to specify the angles of a single point tool

as belows
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T00L, SHAPE VIRSUS PERFORMANCE

The performance of a tool 1s generally measured in
terms of tool life, power consumption and the economy of
cutting operation. A tool is paid to have a good perfor-
mance when tool life is long, power consumption in cutting
iz lov and metal removal is done economically.

Each of the rake angles, relief angles, nose radius
side-cutting edge angle and edge cutting angle effects the
tool performance consideradly care should, therefore, be
taken in se¢lecting their vaglues,

Rake apglea:

The most advantageous combinations of rapke angles
vary greatly with tool materiasl, work materisl and econo-
mice of the job., The rake angle forces the chip to slide
off in a convenient direction. A tool with positive rake
angles has the bsst thermal efficiency of cutting.
Positive rake angles reduce the cutting forces and to
gcertain extent incresse the tool life.

Increasing the dback rake angle has more effact
upon rgdial force Fig, 1-6a than upon other components
since the radial forces are of small values, the effect
of varying the back rake is of small significance. This
angle is usually changed to control the chip flow direc-
tion by forming a shear angle, causing the chip to flow
away from, or toward the work. In Fig. 1-6a, changing
the back-rake angle from 0° to 16° decreased the radial
tool force from 110 1b. to 60 lb.
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The side rake angle is very effoctive in reducing
the tool forces. As shown in Pig. 1-6b, the tengential
tool forgce was decreased from 1000 lb., to 400 1lb. by
increasing the side rake from -20° to +30°., Other two
forces wero also reduced considerably increasing the
side rake angle produced a greater effect in reducing
tool forces when cutting at low speeds than at high.

By comparing Figs. 1-5b and l.5¢ 1t will bo seen that
increasing the speed from 80 fpm to 200 fpm had a definite
influence on decreasing the longitudinal tool force.

When using a gidae rake angle of -10°, the 1on§itud1na1
force was raduced from 610 1b. to 215 1b. by 1n§reasing
the cutting speed, This explains why sintered carblde
tools using negative rake pngles should be operated at
higher speeds,. | -

8de cutting edge angles

Due to increase in this, the radial tool force 1s
increased, changing the side cutting edge angle from Q°
to 46° causos the radial tool force to be doubled as
shown in Fig; l-5¢. Since higher side=cutting-edge
angles cause g longer and fhinner chip, the efficiency
of metal cutting is slightly reduced and the tangential
tool force slightly increased as shown in Fig. leSe.
Belief sngies:

The end relief angle should be sufficient to keep
the work from rubbing with the flank, The gide relief
angle in turning should de greater than the feed helix
angle. The end relief angle reduces the cutting forces
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on the tool to the extent that it makes the tool point
more keen. However, thiz angle ghould be kept as small
as possible to give more material support under the
cutting edge to raise the tool endurance.

The relief angles should be small for hard netal

and large for soft nmetels.

Nose radjus!

The nose radlus hpz some influence on the cutting
- force, Large nose rpdius gives increase in the radial
and tangentigl force. Larger nose radii proleng tool life,
better surface finish, but cause greater tool forees,
through less efficient cutting and the tendency of the
tool to chatter. |

It iz required to compare the experimental data
obtained rrom.tha dynamometer getup with the asvalilable
data, it is essential that tool geometry should be same.
For this reason, a spec%al high speed steel tool having
gams designation was prepared. The various tool angles

were msasured from bevel protractor (Appendix-3).

The most common machine marisbles which affect the
cutting forces ares
lepth of cut and feeds

The size of the cut influences the cutting force.
From the results of the metal cutting tests to-date,
Fig. 1~6a-b shows the effect of these variables on the
cutting forces. From this several conclusions can be

dravni



1. A change in feed has less effect on the cutting
forces than a change in depth,

2. More important, the cutting forces do not increase
in direet proportion, to an increase in feed, but
follow the exponential law.

Cutking speedt

At higher speeds, the cutting force is independent
of speed. At lower speeds, the results are most erratic
and unexplainable.

Effect of mete) variablesi

The forces are dependent on the metal to be
machined. Tﬂey are directly connected with tensile
strength, hardness and the carbon content. For the
experiment a mild steel was chosen whore tensile, strength
hardness and carbon content, were measured (Appendix I and
11).






CHAPIER =11,

IXNAMOMETRY ¢
In order to analyse any metal cutting operation on
a quantitative bapis, certain observations must be made
before, during and after a cut.
The number of observations that can be mede before
or after a cut is unrestricted but the number of observa-
tions that can be made during a cut is limited. One of
the important measurements of this type is the measurement
of cutting force components. Dynamonsters are required
to meapure these force components. A dynamometer is like
a spring acale as ft measures forces in terms of deflections
produced by the forces. The diflections produced by the
forces are very small and bofore/;g.gan be read accurately

have tc be magnified several times by mechanical, pneu-

patic or electrical means.

2.1. Dypamometer reguirements

Two of the main requirements of s dynamometer are,
the sensitivity and the rigidity. They always have
conflicting requirements. The gensitivity of a good
dynamometer would be ¢ 1% i.e. a dynamometer designed
for mean force of 100 lbs. should give readable increment
for 1 1lb, variation in the force. No dynanometer is free
from deformation completely, but a good dynamometer should
be rigid enough not to be influenced by the inherent
deformation, Other main criterion of a dynamometer is

its natural frequency of vibration., The accuracy will be



impaired if resonance created. The natural frequency of
vibration should, therafore, bo large (st least 4 times
the rpm the job).

A dynamometer measuring force component in three
directions (x, y and z) should have no cross-sensitivity
1.,0. g force applied in x-direction should give no
reading of deflections in y or z direction. Forece
components may be computed by the use of simultaneous
equations, if a dynamometer has some cross sensitivity.

" This mgkes immediate interpretation of the data difficult.

A linear relationship between the recorded quantity
and the force is a desirable property of a good dynamometer.

A dynemometer must be stpgble with respect to time,
temperatiure and humidity thus requiring oniy occasional
checks once it is calibrated. It should be applicable to

higher speeds of opsrations,

2.2, $YPES _OF DYNAMOWRTERS:
Dial Andiestor type:

This type is copable of reading diflections %o
about 104 inch, inspite of the simplicity of construction,
this type is not used extensively because of large
friction and inertia., Some leaveragge is generally used
with this type of dynsmometer for accuracy of reading.
Figure 81 shows the dial indicator dynamometer dlagramg~
tically.

Brdrauldc oreggure cell types
Hydraulic pressure cell in conjunction with a
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prossure gage facilitate force components measurement at
a distance. The schematic diagram of this type of dynasmo-
meter is shown in Fig. 2-2.

Eneumatic tvpe;

The principle of working of this type dynamometer
is that change in back pressure when a flat surface is
brought closer to a sharp-edge orifice is proportional
to the diflection of flat surface which in ﬁurn is
proportional to the force of the tooﬁ. The basic princi-
ple is explained by Fig, 2.3, Such type of dynamometer
is reliagble if supplied with pure alr at constant pressure,
The chips removed from the work during cutting process are
a source of trouble in this type of 4ynemometer. The
range over which the dynamométer has linear characteristic

iz small and the dynomometer tends to be bulky.

Sptical type: -

. Of the many types of optical devices in use, those
using 1nterferome'tr ic mothods are more popular, and
religble as the vavelength of light is used as yardstick.
The device shown diagramatically Fig. 2.4 actse as an
optical lever by which small angular d:lriactiona 4 can
be measured if L is large.

- For small values of ¢ , d # 2 L«
Though such a deyice is simple in principle, it is

 not easily adopted for force measurements in metal cutting.

£ ¢r 8

These crystals because of their well known
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property of generating e.m.f. in proportlion to the
pressure exerted on them can be used for force measure-

mentsa., Electric leskage gives majJor trouble in practice.

Electric type dvnapometer:
In this category, wire resistance strain gage type
is ﬁoro popular. It works on the principle that the
resistance of wire increases when it is stretched and it
decreases when the wire 1s compressed. This principle is
made use of in wire strain gage. This is discussed in
- the part 2 of the thesls. It has very good sensitivity
and rigidity. It has good response to dynamic forces
also, Considering merits and demerits our choice falls
on this type.



PART - 1l
PRESENT WORK






CHAPTER-1

] GAGE
1.1 Degeription:

Before starting the design, 1t is necessary to give
briéf description of the getup. The adjoining photograph
shows the dynamometer along with calibration rig. The
high speed steel tool of standard geometry is held in
the tool box (2)., This tool holder is monolithic with
the shaft, This fs held in tool holder by means of bolts.,
The shaft is rigidly held in the end plated (3), Dowel
pins have been driven in, to resist the rotation of the
shaft, The strain gage are cemented on the shaft. The
end plates are screwed with the bed (1) vwhich can ba_rixad
-on the cross-slide of the lathe.

1.2. Desjgn considerationss

The output of the gages is directly proportional
to the ;train in the material, g0 1t is estential that
such material should be chosen which fulfil certain
requirementa.

We see that, for a hollow circular shaft
Torque, T = ﬂéB |

e ~ €2 2Ry

: (Rf - Bo4d )
= 2(1 Ry

For e to be higher, young's modulus of the material

should be small, section modulus should also be small,but
yield strength should be high. Due to these considerations
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carbon steol and hollow section has been adopted.

1.3. Design procodure
As already described in the part I, lathe tool

experiences the forces in two directions i.e. vertical
and longitudinal. These forces play an important part
in the design of the tool holder. The magnitude of theso
forces varies as tho pachine or matorial varlables change.
But initial values of these forces have boen assumed
(Maﬁnal of metal cutting ASME).Of course, theso valuos
aro on conservative gide, because the lathe, on which
the instrumentation is to be carried is of a smaller
horse pover,

The valuos assumod are:

Py (vertical forée) = 1000 1lbs.

P;, (longitudinel force) = 500 lbs.

Axial force is neglected.

Those forcos have various effects on the tool holder.
Theae gret
1. Fy causes torsion and the bending of the shaft.
2. Fi, causes bending and direct force in the shaft.
In the design of the shaft the combined effoct of
theso forces is considered and the values of principal
strosses doteornined.
Boforo proceeding to the calculations certain
assumptions have beon nadas
1, Tho shaft 1o rigidly fixed at the onds.
2, It doos not rotate with vibration.



Assuming outer and inner diameters of shaft,
4".and §" respectively.

The polar moment of inertia

- & jap- o)y

Loox 8l x
‘3934&
The shear stress in the shaft according to formula

I-ga q/r

Txr
Ip

1630 x 3 x 64 x 64 x 32
7 x 61 x 11 x8

= 38000 psi.

For annealed high carbon steel this value 1s safe.

q=

1.4, Fabrication considerationss
Egbrication of shaft(A3)

The shaft dimensions should be finished in thousands
of an inch. The bore of the shaft be reamed to avolid
any eccentricity . Round keys have been cut, because if
the keys are square,and are not exactly diametrically
opposite, they will cause trouble in the assembidy. The
" ends of the shaft have been kept round, because it is
difficult to machine the zquare hole accurately. The
squares ends prevent rotation of the shaft.
Pinishing of the endplates(is)

The holes should be accurately marked otherwise
they will cause dending of the shaft.



3) There 1s no yielding of the supports.
4) There 1s no initial stresses present in the shaft.
Caleulationss
| issuming toocl overhang = 1,5%
We havat
1. Torsion in the shaft due to Fy
= 1000 x 1.5 =.1500 1b.in,
?, Haximum bending moment in the shaft at point A

due to Py (bending moment diagram is shown in
Flg., 1-1)

. WL, 1000x5 . g25 1b,.1n,
8 8

3+ Bending moment due to force Fy, at the point A
in the shaft Fig. 1l=1

= %i vhere M= W x L

WL 500 x 1.5
s B

2 1 = 190 1lb.in.

Bending due to force Fg¢ is in the vertical plane

end due to Fy in the horizontal plane. 80 the resultant
bending moment is

= /ep5% 1902
= 652 lb.in,

Assuming failure according to the maximum shear
stress theory

Equivalent torque = /geo2, 16002
= 1630 1b.in.

£l



Elnishing of the bed(ay )

The surfaces marked A and B are mgytuslly perpendi=-
cular to each other, If they are little inclined then
the endplates may not seat and the shaft may be bent,
thereby causing ths initial stresses in the shaft.,

The gages were to operate at room temperature and

mediun stresses. Also they are going to be installed on

tha curved surface., So paper base gages with high gage

factor wer¢ used. The specifications are:
Paper base KM Ry = 6
Resistance in chms - 120 ¢+ 0.58

Gage factor - 2.9t 28

, 'Berore installing the gagea on the shaft, it is
essential to calculate theoretically whether the equipment
vill be sensitive to the minimun load or not. The minimum
load has been taken 40 lbe,

If the gain factor of the amplifier and indicater
(scope) 18 ¢ volts/cm. then thé number of centimeters on
the scope for the torsion gages will be

av, x 105
¢
Whore dV, = VRn (GFyB) + GFgog - GFpep-0Pgeq4)
n

Ry (g%# ggo 2)* Ry*Ro#RgtRy
Eymbols carries usual notations and the bridge
ciroult shown in Pig.| | .




Here the resistance of the gages:
Ry = R2 2 R3 = Rg = 120 ohms
and also
GFy = GFp = GFg = GF4 = 2.9
and Bp = 1 megohm. '
Stresses in the shaft
60x 3 x 64x64x 32
x 1l x 6l x
= 1400 psi
and the strain in the shaft
. - 30
also @] = e X O3 = @ T ggg.
YRy GPe
4B+ 4R
v :’106 : i
4(10% + 120)

Vx2,9
12x104

Now 4Vp =

vherefrom
Vx2.9x 10%

12 x 10% ¢

v
= 2-41,-6

L =

1.6. Instsllation of gages

It has been discussed in the firet chapter that in
the orthogonal cutting only two forces are significant,
The tangential force Fy produces torsion and the bending
moment in the shaft and the longitudinal force Fy produces
bending moment in the shaft. The force Fy will be measured



by moasuring the torsion in the shaft. The force Fp will

be measured by measuring bending moment in the shaft.

ng e 3

The bending gages should be so 1ocated that they
should measure the bending caused by Py but should be
immune to the bending moment due to Fg. It is _clear from
the bending moment diagram Figdi? that bending mdment
changes its sign. This point of contra-flexure is 3" from
the ends assuming the shaft to be of uniform section and
with sncastered ende. The gages 1 and 3 are on front
gids of the shaft and 2 and 3 are on rear.

Suppose the output of each gage due to Fp 1s X
and Y due to Fy. Then the net output of each gage 1s

as follows!

Gage Ho. Output,
l X+ ¥
2 -X =Y
3 X+ X
4 X-X

Yow connecting the gages in the bridgg‘as showns

o
T
d%nl

|

il

\
l

Wneatstons Bripge CirevT OF STRAIN GacLs




We see, the output dV, of the bridge is proportional

tos

(X ¢ ¥) #(aXa¥) *(XeX) = (X ¢ ¥)

4
which is independent of ¥. Hence the gages are insensitive
to the foree Fy. Mcreover, the bending gages are at the
neutral axis of the force F,, hence they will not senze
any strain due to this force. The bending gages will also
be insensitive to torsion bacause gages ) and 2 zense
same type of straim and being in the adjacent arms of the
bridge, the effect is neglected. &imllarly gages 3 and
4 gre immune to tcrsion.

Ipatallation of the toralon gageft

Gages By 6y 7 and 8 Fig.v.z are torsion once. They
are at 459 to the shaft axis. All the four gages are
parallel to each othnf. Gages & and 7'be1ng on the sanme
helix sense same type of struin . Gages 6 and 8 also
sense same type of strain, but opposite to 6§ and 7. They
ate so arragnged in the bridge that the net effect is
cunulative.

It ig essential that the torslion gages should also
be insensitive to bending. The bending moment in the sghaft
is caused by the forces Fy and Fp. For the force Fy, the
torsion gages are on the nsutrpl axis, hence they must not
be strained. Secondly, as already mentioned, the mid-
point of the gage grid is on the top most fibre so the
tension and compression caused by Fy as well as Fg¢ should

be squal and opposite. So these gages nre insensitive to



the bending moment due to F¢ and Fy.

Lemperature Compensations

The output of the gages should be insensitive to
temperature varietion. It is assumed that temperature
variation is equal in all the gages. Let this change in
resistance be AR and dR 45 the change due to strain.
Then putting these values in the wheatstone's bridge

equation, we have

AV = W?M.C
%’L ei}ﬂz,‘}' fj/f,_+2_) J—fef 'ffl‘f‘@‘f‘l?q

akg, + e - e, — ey )

le] ':E;,:f_:, “-—:eq T Zofal chomnge an’ Sl = R+
Jnra.
Verf(RroR) + (FR+OR) - (~ARAER) _ (gt o1) ]

Voo =
d”‘\— f/(th_ -n‘-ff)

¥R AR
Ko + Ky

-

Hence the cutput is independent of temperature
variationsdz

P 4 for ipstallati

1. The neutral axes for horizontal and vertieal
bending have been marked with the help of vernier height
gage. | | |

2, The surface is cleaned with acetons and then
neutralized with e 20% solution of ammonium hydroxide.

3, The gages are trimmed on the outside paper to
get them in sizes which can be eassily accommodated on the
shaft in the windows.

4, The tracing paper template is made and windows
are cut for the gages as shown in the Fig.(»



5. The torsion gages sre to be correctly located in
the windows both axially and at an angle of 45°. This
nust receive utmost care otherwise they would not be
insensitive to bending moment and axial thrust.

6. Similarly, the bending gages arc mounted such
that grid axis is at the neutral axis of the shaft.

7. Duco-cement on the gage and the shaft is applied.
It is allowed to dry for a minute and then the gage is
pressed in position giving slow oscillatory motion to
the thumb., Pressure does not excead 1 1b. otherwise the
grid will be damaged.

8. If the surface of thg shaft is too smooth the
gages will not steck. For this reason the surface should
be scratched slightly at the place, where gages are to
be cemented,

All the eight gages sre fixed in the above manner
and the cement 1s allowed to dry and gages to set,

Sonnoxions of Bridges

a« The gages are tested for continuity by multi-
neter.

b. The bottonm of leads 1s insulated by tape.

¢+ Now the flexible wires are soldered with the
leads. The two loads have also been insulated to each
other,

d. These leads are alsc soldered to the eight pin
gockat .,

e. The scotbh tape is wrapped around the leads on the

shaft for mechanical protection.



f. All the gages are numbered.
g+ Again the continuity of the gaege ard the insulation
to the ground 1s checked.

1.7. CALIERATION

In order to interpret the output voltage in terms
of the forces, it is essential that the dynamometer be
oalibrated in place. The calibration 1s done by applying
known loads and noting the scope deflection for each load,
and calibration curve is obtained which is a straight
line.

In the present experiment, the maximum force which
is anticipated ig nearly 1000 1lbs. to apply this load a
gadget has been designed. Fig. B (Appendix II) shows
the aésambly drawing. There are two horizontal levers
Fig. (By -~ By, Appendix IV) pivoted on ball bearing races
and furnished with push rods, which fit between the levers
and the calidbrating bit, and s0 placed that wheén weights
are hung on the levers, the push rods transmit to the
dynamomet er, forces corresponding in direction to the two
components (tangential and longitudinal) of the force
encountered in cutting operation,and in the intensity
to the weight applied multiplied by the distance of bhe
weight to the pivot centre. The vertical and horizontal
push rods act at 1" and 4" respectively from the pivot
centre, The levers are provided with V-grooves at 1"
spacing over the entire length.

The length of the push rods has been kept minimum
to avold the possiblity of buckling. Ball bearings are



provided to minimize the frictionm.

-In cutting operation the load coming on the tool
is point lond. To conform with the actusl cutting
conditions, a ball has been put inside the calibrating
bit.Fig.(zc - Appendix 4).

¥hen the set~up was callbrated for the vertical
force, it was observed that some force was also transmi-
tted in the horizontal direction. This may be due to
the inclination of the push rod or the friction in the
bit and the ball. To avold this, the ball was placed
on the flat surface, The ends of the push rods were
also flat. This reduces the friction and alsoc does not
check horizontal movement of the ball, thereby, if any
force In the horirontal direction is trensmitted, can ba

observed easily.






EXPERIMENT AL PROCEDURE.

Rescrivtion of Apparatus:(2.1.)
1. Lathei- The lathe used for the test work is a 0.6 hp.

machine. It has only six spesds., Due to small hp. of
the machine, the testg could not be carried to the higher
range. The lathe is manufactured by Parmar & Co. Rajendra-
Ragar.
2. Tepic sirain indieagtori= This portable wheatstone bridge
is intended for determining statie and dynamic strains whon
used with resistance strain gages of any make having a
resistance of 100 to 1000 ohms and a guage factor of 2.0
to 4.0, The scale of the instrument reads directly in
units of strain. |
The instrument hes three working ranges:

1. Static

2. Dynamic. (1)

3. Dynamic (2)
Dynanic (1) iz more sensitive gnd used for measuring small
strains. Xnob No.9 Fig.(>-» has got these ranges.

3. Qsclllogcopei- As the nature of the forces is dynamic,
the strain indicater alone could not be used. The output
of the strain gages from the Iepic indicslor was fed to
the dual beam oscilloscope. It has make "Tektronix type
802" and sensitivity from 20V/em. to 200 V/cm.
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2.2, £alibpation
1. Tho tost cquipmont is put on tho ecalibration rig.

Tho ntrain gagos aro conncoted as shown in Fig,p0
The output 1loads are conmsctod at A, B, C and D Figiay

8, Tho power supply is checked by turning knod Ho.0
to tho position 'V', Tho nocdlo rust thon bo within
groen lino of the sealo 10.

3« Knob N0.8 16 turncd to gago factor value 2.9.

4, Connoster llo, 6 15 rcooved.

6. Bofore loading, the potontionmoter roading is
turnsd to 1.0 and the range extonsion gwitch lo, 12 to
position i4. If nowy the pointer of tho galvanomoter
is on tho right, the range switch is turnad to left.

6, After thio ndjustpont by neans of range Ho, 12
ve proceed for fine adjustement. Precision potonticnoter
No. 13 has two Imods, one above the other. Tho lower is
for rapid adjustment, the upper for riﬁal accurate
adjustmont. |

7. How the Knob Mo, 9 is turnosd to the position
Dynanic (1).

8. HNowv terninals 14 and 15 aro connectod to the upper
boan of tho oscilloscopo.

9., How tho calibration rig 1s loaded and tho scope
bonn dofloction is noted correspondingly.

Boforo calidrating tho torsion gagon, the consie
tivity of tho gagos van cheekod fer tho horipontal foreo.
It was done by turning the soteup at right angle and
holding it in tho denchvice. Then static loads weroe
applicds It wrs obsorved that crossesonsitivity was 89



;

A ;'\mit".




vhich is pormissible.,

Sinilarly the dbonding gages worc checked for
vortical lond. They had noarly 409 cross-sensitivity.
The ﬁasea vore placed at wany places but no satisfactory
roault was achieved. It gave very tough time but with
no rosults. Honeo it was adviged to mono foreo,

The reason for this discripancy may be, the shape of tho
thecretical and actual dending nontent diagran is very
puch differont. From the data recorded for the vertical
force, o calibration curve is drawvn (Graph 1). Table 3,1

gives thé calidbration valuos.

£.3. Jonting

Tho gages wore connscted to tho strailn indicater
and the cutput from the indicater was fod to the scope.
Then tho lathe vas sterted, obgervations wero rocorded for
various depths of cut, foed and the spoed for nild steel
rod of 1.25" dia. and 30" long. VWhile recording tho
observation for variable depth of cut, the speed and feesd
vere kﬁpt constant. Similarly the test vas repeated for
the romaining tvo variables, The tent was carried on
oastirbn for variable depth of cut, Tho obsorvations
vore recordoed by moans of photographs. Those obpervations
are tabulated in chapter III. The physical properties
of tho naterial vore doterninod (Appendix 2). Thon with
the holp of calibration curve and the tabulatcd values of
tho obsorvations the tangential force is calculated. Nov
tho grophs (3.2, 3.3, 3.4 and 3.5) woro plotted in



Tl

tangential foroce and machine variables (depth of cut feed

and speed),on log-log paper.

Speedi~ To know the speed of work piece, the rpm of the
lathe spindle were measured by means of mechanical tacho-
meter and the speed 12 calculated.
Feod:~- The lathe is provided with the following change
gears:
(25, 30, 40, 40, 45, 50, 65, 67, 60, 68, 70, 75,80,
90, 100, 127)
The lead serew has six threads per inch. For various
combinations of change gears different feeds were
calculated.
Depth of cuts- It was wmeasured directly on the scals of
the cross-slide. It gives the reading in thousands of an

inech,
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AHALIEIE ‘
Graphsi~- Tangential force versus depth of cut, foed and

spoed graphs are plotted in the log-log paper (Graph
2, 3, 4 &65), It {8 clear that tho graph is more closely
to straight line. &o from here we c¢an drav tho conclue
sion that some relation exists in force, feod and dcpth
of cut. Tho relation between theso quantities can bo
ostablished analytically,

From the graph it is clear that relation in
these variables is of exponential nature. This ¢an be
ghown ast

F = cf8qP (1)

yhere

F = Tangential force

K = (onstant

f = feod 1.P.R.

d = Jdepth of cut in inches

ad&d = Constants to be determined analytically

For the first case when £ is constant F varies
with d equation (1) ean be written as:

F e K a°

(Where X1 = Cf® = Constant)

Equating the logarithms of both side of cquation

&)

(2), vo have
Log P = LogK1+ b Log 4
Let this equation be as
Y = A+ BX (3)

627 80
CAL UZRARY UNIVERSITY oF DI0kxes,
FOQMER,



s oy

S

20 ‘t it ' .
- + * ——— r »
Y™ s A - : ; z
* ! | /’
f
i3 T i * o

8¢
L5

24r

!
gis ; e " S
/ |
, [
Gy - r -t g ’ r h
' i
1// ’ f '
/ Hown Maremy: Meolnec
o / ) Tl My P eeddsiee ')
! ’,/ Fioy <aie . g 03)IFR
24 ¢ ~ ) . : - . . !
| . whEd - 13w . |
f hosi VESICNAIIQN 81 b &4 Bk
1 | } -

4 L ¥

|

Jf/
| o
i |
4. f . o ; Coe e
I H
T J 1 ’
[
|
i
[ + L) r - I [ ; } -JI—
[ ! l
!
| { |
!
' Loy 2ud VN aiy Swr sor g i

Soar Log Loe Jefra D Lo - Inense



l

———— TR rrﬂr‘p’m:-- TWED .XTPT L ' = "“""T"""‘r F, . v .I
| T Mart QAL Hibw SPESD STetl
/ R . ]
o DEFTH A Lyl 03 : /o i

Seeep. 135K

A o e siomation 91y 66460 Yy {7
5l - 3 ¥ . . 1 ’f/g B . ; Lo o
f ‘
/ !
! .
/ . | . :
B‘ﬂ”" T T T - — “*—..qw’-": ! / p- . - ’ . |
120 - ' e V — : I .
\ - |
) | ' |
) 7 | | |
P 1 / I | |
~ : : l . o ]
o9 - - — - Jr - ?, ; VR ‘
o’ ‘ N ' |
N / |
§ | ‘/ | + 4 - 4
N - / s T v .
¢ l / § |
¢ l I
< : y |
K : | .II | ‘ |
o R S R g
. _ - - - | ‘
) o
i .
.r .{- 1 \ 3

1
!
| = , L R
* ! RS [ Y T a5 o T R N T

ik Lot [ad Frepfary itk }é&; E.EWIU!'WV

Guni 't Frrere 00 verp Knog Dy Tawggn e Faree Br Gns o s Sese e fiedtn s iy




s mppos

Toanraes~ To3¢ Foec &

Bol- - -

a4
a0p

low Log

3 ) .i. *
e e e - -4 i i + - e - T ':' t ] —‘I
l : ' : I | ' |
| ! | ‘
I i I .
| ‘ \ |
I I { I
X ‘
J - # - - 4 + } e -«L-ALA—+ -
I

+ :

0 ’ J"L, — 303 065 008 010 iz oly ol 0g 0
Jerrn O Qur | INenEs

Graon 4 geceer O Deprw Qs Cor On Taweenmar Foce At Lonstant Feen Anp Seeep



WORK MATER.AL = MILD STEEL

TJooL MATERIAL =18-4 -1 HigH SPEED STEEL

DEPTH OF CUT =0Q-01 INCH
FEED = 0-6246]/ PR

208 —

b1

H e e L A A S B

1 ' . . ' : |
1 v .

quk : + 2 - b i - e e e PO IS B = . . - + -

'
—

0‘ U Y T . s — an v ; IO J
QW 2030405060708090100]02030405050708090200

. Speep — F.P.M,
GRAPM - 5. EFfFecT oF SPEED ON TANGENTIAL FORCE KEEPING SPEED AND FEED CONSTANT




Where

Y = Log F

A = Log Ky

B = b
X = Log d

In order that this straight line equation be the
best estimate of the data, the values of A & B should be
such that the sum of the squares of the deviations of the
actual values of Y in the distribution from their
sstimates given by the equation (3) should be minimum.
This can be put as follows:

(Yy - A - BXg)? should be minimum,

In order to satisfy this condition the differen~
tial coefficlonts of this expression with respect to the
constants A:& B should be respectively zero, as given by
equations (4) & (5)s

Yy «A-By = (4)
YK - X~ B2 = 0 (5)
Now the required values of X, ¥, XY, x? are
ealculasted for every set of values of F & 4 and their
sum found as shown in Table I,

Substituting the values of X, XY, ¥ & x2 from
Table 1 in equation (4) & (5) we have

7A + 11.23754B s 16,39650

11.23754A + 18,74840B = 26.84212

From solving thess two simultaneous equations

values of A & B obtained are
A = 1.,16388, B = 0,73400



ZABLE I

] ] []
d ' 4 'F'Loxdl’l.ozl? LI ¢ 4 1 12
Inch *Thous.! LI ¢ ¥ ' '
[} 1 [ | [ ] [ ]
0.01 10 78 1,00000 1.80200 1.89209 1,00000
0,02 20 132 1.30103 2.12057 2.75893 1.60268
0.0 40 227 1.60608 2.35603 3,77450 2.56660
0.06 650 262 1.69897 2.41830 4.10862 2,88660
0,06 60 282 1.77815 2,46025 4.35691 3.16182
0.08 80 370 1.00300 2.56820 4.88752 3.62175
0.0 90 380 1.95424 2.50106 5.06356 3.81906
Total eoe seo 11.23754 B30650 26.84012 1B,74840
JABLE 11
& _
1 [ 1] [] ] ]
f ‘' ='F 'Logf Log¥F ' X * X
IR '1000°' ' X ' ¥ ¢ '
] _!_ 1 [} 4 | §
0.0175 17.6 €0 1.24304 1.77815 2.21031 1.54515
0.0246 24.6 90 1,39003 1.95424 2.71821  1.03469
0.0376 37.56 125 1.57403 2.00601 3.30060 2.47757
0.0416 41.6 167 1.61800 2.22272 3.50878 2.62145
0,0500 50.0 167 1.60897 2,22872 3,77633 2.88650
0.0855 65.5 217 1.74429 2.33646 4.07548  3,04256
0.0666 66.5 292 1.82347 2,46638 4.49565 3.32504
Totll T PP 11.00382 15-07658 9&.17524 17.83285




From which the resulting equation ¢an bs writtem
Y = 1,16388 + 0.73409 X
o | . | |
LO‘J.OF = 1,16388 + 734090 LO‘IO a'
Now on replacing d* by 4 we have -
LO‘lo F = 1,14388 4‘ 0073‘09 LO‘IO (1000 d)
Which finslly comes out to be
Logyo P = 3.36616 + Log' a°'734°9'

On taking Anti-Lez of both sides we get:
P = 2323,8 40:73409 (6)
Similarly writing the equation for F & £ ve get
the &quatiom
F = Kzt
Again taking Log of both sides
Log ¥ = LogKp + alog

Again writing the equation in the form of -

Y = A +# BX

Row putting tho values of X, ¥, XY, from Table
I1 in the eguation 4 & 5 we have

11,00882 A + 17.83206 B = 24,17524

7.00000 A+ 11.09382 B = 15,07658

On solving these two simultaneous equations,
values of A & B ares

A = 0.37783

B = 1,12061

On substituting the values of A & B in the parent

squation, we have
Y = 0, 37782 4+ 1,12061 X



or
Lﬁglo F = (0.,37782 + 1.12061 Lo‘lo b

On changing f' to f the above equation changes to:
On taking Anti-Log of both sides the final

equation becomést

F = 5410 -+12081 (7)
From the equation (6) & (7) we can write that:
P X d0.73409

and also

So F is also proportional to product of two 1.e.

On changing the sign of proportionality to equality

the sbove eguation changes to 3

Now we are interested to determine the value of
this K. From tables (3.2) & (3,4) knoving values of F,

d and £ and putting these in equation (8)value of K may be
determined. Vatious values of Ky are found from table
(3.2) and K, from teble (4). They are given in tables
(3.5) & (3.6),

Now we have to find the value of K whiech is
agreable to both tables, This is done by plotting the
values of X; & Ky as sbscissa and F as the ordinate
{Graph 6). These two curves cut at the point and this
value of K is accepted. The valus of K is 117000. Hence
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the emperical equation comes out to bes

ZABLE (3.6)
d in 10 20 40 60 60 80 90
Tho .
Fin 78 132 227 262 282 370 390
1bs.
Ky 112200 114200 118600 115100 100900 1156700 112000
IABLE £3.6)
s 0175 .0246 ,0375 ,0418 .0555 0666
F 80 90 186 167 217 £oe

Ko 71800 81900 74700 89900 88400 98200







(HAPIER IV r
SCUSS 0 T CONCLUS

4.1 Comparimion - It is required that the data obtained
from the experiment should be compared with the available
data. !ﬁe available data has been adopted from the
graphs(1,6 a & b part I). It 1s tried that the test
conditions of the existing as well as the experimental
data should be same, but due to small horse power of the
lathe, they are not strictly observed., The higher speed
could not be available. The comparative statement has
been prepared in the Table IV-1,

From the table it is observed that the experiment-
al results are much lower than the existing results. The
rates betveen the two 12 nearly one is to two., 7Thias ratio
is nearly same for varigble feed and varisble depth of
cut. The reassons of this variation may be speed. Because
the speed in one case is very small. As has been discuss~
ed earlier, that at lowsr speeds the tool forces sre
influenced by this. The other reason may be that tool
angleas may not be very sccurate because in two consecutive
grindings the tool geometry may change a littls, PFPron
the above discussion we infer that the existing and

experimental results do not cor-relate to each other.



TAELE 1Vl

Avalilshble data

Experimental data
from Graph 1.6 (a~b}

from GPaph (3 & 4)

Work material « Milgd Steel
§ Carbon - 0.21 Yield Strsngth 189800 psi

t

Depth of '  Feed

Work material - Mild Steel
# Carbon 0.232 Yield strength = 36000 psi

1 '

Speed ' Tangential' Depth of'  Feed

Speed 'Tangential

- b b me um
- W R e

RN S THE R e
.' ¢ ! ! t
20 0,03 8 180 0 0.0 1.0 100
30 0.03 80 230 B 0031 13,0 130
40 0,03 80 00 40 0.0 13,0 150
50 0:03 80 360 5 0001 13,0 170
60 0.03 80 400 GQ 0.031 13,0 190
7 0,03 8 450 0 003 13,0 220
30 0,016 80 125 B 005 13.0 50
3 0,02 8 160 0 0.2 13,0 o
30 0,025 80 190 0 0025 13,0 90
30 003 - # 210 M 0.3 13.0 110
30 0,04 80 290 0 0.4 13,0 150

N.B. =« The above table shows comparative values of Tangential
force for available and experiwental data,




4.2, -] 8g J 3=

In the tabls IVe2 it has been investigated that to what extent the
derived emperical formula correlates with the getual experimental values.
It 1s geen that for constant feed and variable depth, the formmla is more
closaly correlatad with the experimental values, while for constant
depth and varisble faed, the difference is proncunced at lower values,
but decreages at higher values. S0 from this discussion it can be
inferred that the above formula iz best fit to the experimental data.

IABE IV -2,
Depth of ' Feed in 'Values of tangential 'Valuss of tangential'Percen-
eut in Inch* I.P.R, !force (ibs.) as 'foree (lbs,) as Itage
' (determinsd from .:deternined from : deviation

0.010 0,0310 78.0 81.3 3.8
0,020  0.0810 132,0 135.0 2.2
0.040 €.0310 2270 224.0 1.3
0.050 0.0310 262.0 263.0 0.37
0.060 0.0310 282.0 302.0 7.1
0,080 0.0310 370,0 372,0 0.6
0.090 0.0310 0.0 400,0 2.4
0.030 0.017 60.0 90.0 50.0
0.030 0.0246 90.0 120.0 - 33,0
0.030 0.0378 125.0 190.0 52.0
0.030 0.0416 167.0 210.0 2b.8
0,080 0.055§ 217.0 282.0 25.0

0.030 0.0666 292.0 . 338.0 16.0




4,3, Dlscuseion Of Regults And Conclusionss-

The forces developed in the cutting operation are
proportional to depth of cut and feed. According to
derived empirical formule, (Eq. Chapter III).

It can be seen that the force 1s not directly
proportional the parameters (depth of cut, feed) but
follows a exponential law. The depth of cut has more
pronounced effect on the cl'l.tti'ng forces 'comi:ared to the
feod rate.

From the graph (2 and 3) it is cleer that larger
forces are required to mild steel as compared to cast
iron. From graph (6) it is observed that the foree versus
speed curves is steep at lower feed rates, but becomes
flat topped at higher speeds. It shows that the effect
of fipoed on the tool force is pronounced at lower values
while negligible at higher speeds.

From the above formula, it can be seen that if
family of curves are¢ drawn between force and depth of cut
for various values of feeds the lines will be parallel
to each other.

8imilsrly a femily of curves between force and
foed for various values of depth of cut will be pargllel
to each other. |



The test material used in the present study was
analysed for 1ts carbon contents. The procedure and the
apparatus employed together with the results obtained
are described as below:

Rsterpination of Carbon .

The percentage weight of carbon in the meterial
1z determined by the volumetric direct combustion méthod.
The apbaratus used is shown in the -adjacent photograph,.
Erincinle

When a current of pure dry oxygen is passed over
pig iron, steel and ferrous alloys in sultable physical
condition say drillings or powder, heated to about 1100°C
in an electric furnace, the non-metallic elemsnts earbon,
sulphur and phosphorus are converted into Bxides which
are solids. The gaseous products consisting of COy, 50y
Pplg and excess of oxygen are collected in the burette(l)
with water ns the confining medium, Due tﬁ the high
solidarity of 80p and PoOp in the water, they are
dissolved., The reading of the burette when the levels
of water in it and the levelling bottls ere the same,
gives the volume of COp and excess Op. This mixture is
then passed into the absorption bulb (2) filled with an
abgorbent. The residual gas is transferred bapk to the
burette and its volume measured at the tempersture of

the water in the Jacket (3). The difference between the



readings 1s the volume of COp at the test pressure md
temperature., From this volume the weight of carbon is
caloulated.

Erogedure

The Strohlein apparatus used was ready by filling
the burette Jacket (4) with water, the levelling bottle
(5) with acldulated water. The burette was opened to
the atmosphere by opening the stop cocks, The levelling
bottle was then raised until the water reaches the non-
return valve. Then the cock was closed and levelling
bottle returned to 1ts initial position which equals to
the zero of the burette.

One gram of drillings are placed in a combustion
boat and introduced in the furnace (12) maintained at about
;10000. Some time is given to the sample to be heated.
The Op supply from the cylinder is slowly regulated and
passed through Caustic Potash and Sulphuric Acid. The
gocks are opened to furnace, so that gaseocus mixture
may enter the burette. When the liguid level in the
burette reaches the zoro level the cock (11) 1s quickly
closed. Now the valve is opened to the absorbent bottle
and gas transferred to it. The levelling bhottle is again
brought down to its initisl position. The level is
adjusted and reading noted, This glives the volume of
COp resulted from 1 gm. of carbon.



RRAERS, 1. X oectteied

i[O THE PROGUCTION OF mactkins
k CASTRGE seonsontn v ¥,
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F1G. 4, Strohleoin Apperntus For Carbon Determinationm.




EXPER IMENT AL RECORD

The observations are given in table Ro.l, for the
determination of carbon in mild steel, The drillings

vore taken from the tensile test specimens.

JABLE - 1,
Barometer Prossure - 73 em,
J ¥ "Tomp.of

Tensilo test
specimon Ko.

No. of tests ' Burette 'Burette’jacket
' reading :reading'water.

! a el

1 1 0.25 31%
2 0.24 0.25 "
3 0.26 n

2 1 0.26 »
2 0.27 0.26 "
3 0.25 "

8 1 0.25 "
2 0.25 04255 "
3 0.26 "

mw

The burette in the Strohlein apparatus was graduated
to noasuro directly the percentage weight of carbon content
at UJI.P., but it could not be possible to use this scale
to edvantage since the chart, nscessary to correct the
values thus obtained for the temporature and pressure

under the tost conditions was not availgble. Therefore the



axisting scale was calibrated to read the volume gbsorbed.

And the weight of the carbon was calculated. The calcue-

lations are shown for the first samples |
Calibrgtion factor:-

Burette reading x 20 = €0, 1n C.C.

Model. Calculations (Sample -1)
Av, burette reading = 0.26
COn absorbed s 5.0 nl.
Now 22.4 litera of COy at NIP results from the
combustion of 12 gms of carbdbon.
Then volume of 22.4 Ikers COp st test conditions is
70 x 22.4 x 1000 x 304

= ml,
73 x 273

8o

: . results f 12 gm C.
M%W sults from 12 g

Hence & ml. will result from

- 73 x 273 x 12 x 5.0

76 x 22.4 x 1000 x 304

Thig represents the carbon content in ) gm. of the sgample.

.+ fage welght of carbon in the sample
' 73x273x12x 100
-] x5
7 x 22.4 x 1000 x 304

= 0.0456 x 5

As the test conditions are ssme here 0.0455 can
be taken as constant and the genersl formula can be
written as:

0.0455 x COp = percent weight of cerbdon.



With the help of above formula, the £ weight of
carbon is calculated in ell the samples and tabulated
in table II.

TABLE = II.
hmhi&:iguhnw :Muuenm§
I 0.228
11 0,236 0.232

I1I - 0.232

Similarly the carbon analysis was made for castxai

iron. Here we ‘know that carbon content is higher in
cest iron so COp produced will be EOYOi,‘AS the capacity

of the buratte is small so 0.1 gm. of cast iron was taken.
| Tests are carried for three samples of cast iron and the
test reaultsa tabulated‘in table No.1IX. The percentage
weight of carbon in cast iron was calculated and tabulated
in table No.IV. |



JABLE = 111,

1 1 L

sample 'llo. of tests ' Burette 'Average ' Temperature

! reading ! ! of Jacket

' - V¥ ¢ S ! —yater

1 0.33 a°c
1 2 0.35 0.336 "
3 0.33 w

1 0.34 31° ¢
2 2 0.33 0.34 "
3 0.35 “

1 0.34 319 ¢
3 2 0.33 0.34 "
"

3 0.36 .

Here the test conditions are same as in the case

of mild steel except that weight of drillings is O.1 gm.

so formula becomes

0455 x COp = % wt. of carbon.

ZABLE - 1V,

Sample : Coz ' £ carbon : Average value

Bl By ke

1 6,72 3.06

2 6.8 3.10 3.09

3 6.8 3.10




AEPENDIX - 11
RESULTS OF THE STATIC TESTS

Iensile & Hardness Tegti« The tensile test pieces were
prepared from the bar stock, from which the turning test
pleces were prepared to ensure the same material, The
physical properties were calculated and listed in the
Table I,

ZABLE I
Test * Yield " Gitimate ' Breaking Hardnoss

piece ' atrength ' strength ' strength ' Rockwell
Ro. ' txi 1} ' tal

L

1 16.45 28 20,7 86, 87, 88
2 16.7 28,7 23,0 90, 91, 92
3 16 . 27,4 —£0:0 —84, 85, 86
Averages 16.4 28,03 21.2 BG S
ZABLE II

(Physical properties of Cast iron)

Test Piece ' Ultimate ' Hardnoss

No. : stizzfth : Rockwell
A il.4 60
B 11.0 58
C 11.2 58

Average 11,2 69




_’PQ tool angles are measured by bevel protractor
Pig.{1). The tol.lts'vins procedure is adopteds

1. Tool shank is made perfect rcctanrﬁhr.

2., The surfase A Pig.(1) of the bevel protractor
is set on the h_ottlol ‘or the shank end surface B
on the front. The rlaading on the protracter is
front relief aﬁ;h:

3, Again surfece A is set on the bottdu of shank
(bresdth wise), and surface B on flank, it gives
the side rake. |

4. Now surface A 18 on the sl:.do c;r the tool and |
su:;ta'co' B lox': the top then (90 - s3ide rake «
protractor reading) is back rake,

8. The end sutting edge angle is measured by putting
surface A along length of the shank and surface B
slong the oduc.. The edge cutting angle 13(180° -
protractor reading).

6. 81de cutting edge angle is zero 20 it can be

judged by any straight edje, |

7. The nose radius is measured by the help of outsids
radius and fillet gage.
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