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|
INTRODUCT ION AND PURPOSE

A great many investigations have been made and pages

% ot literature have been written 6n +Ee machining of

E metals and yet it seems as though only the surface of

,g this §Ub]ec+ has been scratched. Taylor, Herberf, Woxen,
é Klopsfock, Ernst, Boston and many others have carried

g onvfhorough investigations on the physics of cutting and
.% ' ' '

machinability in general. All agree that cutting is a

TRETRE

shearihg tailure in the plasfié reglion, but besides this .
point there is little genéral agreement, and this thesis

is no exception.,

~

This lack of agreement is due largely to the var-
ioué individual detfinitions of machinability and }he
uﬁe ¢+ widely ditferent materials and cutting conditions.
It was hoped at the beginning of this thesis that this
would be the fffs# of a long line of theses at M.l.T.
devoted to the study ot all of the factors infjuencing
machining, and that the results obtained could be ap-

~ plied to any material under any set of conditions after
@ series of standard tests had been made fo‘deferﬁine
material constants. These theses should also be so
planned as to include all of the variou§ definitions

of machinability.
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At the present time the machinability of a metal

Is defined in three ways. First, machinability may be

. a measure of the power required to remove a chip; second,

it may be an index ot the abrasiveness of the metal, that
is, the influence that a particular metal has on the tool
lite; and third, it may be an index fto the qualify Q*
surface finish that may be obtained. In this investi-
gation, the power'cri}erion'was used to define machin-

ability.

- Betore sférfing the actuval experimental work, it was

necessary to pick out a tew variables from a rather awe

inspiring list of possible variables. This list ot pos-
sible tactors which may éffeﬁf machining includes, surface
speéd ot the billet, fteed, depth, side rake angle, back
rake angle,'side cutting edge anglé, frbanCUffing édge
angle, side and'+r0n+~cle§ran§e and relief angles, nose
radius of tool, height ot tool with respect fo centers,
temperature 6* the tool, temperature ot the billet,
physical prcperfies ot fhe‘billef { ﬁardness, tensile
strength, yfeld poiﬁf, etc.l, micros{bcfure of billet

( microconstituents, grains size, etc.), physical pro-
periiés of the cutting tool, use of cutting fluids, -

chemical analysis of the billet, etc. | chose the first

four variables on the list for this investigation,
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namely, surtace speed, teed, depth and side rake angle,
as | telt that these were probablv the most important

and should be invesftigated first. As a side line to the
main investigation, | chose the temperature of the billet
as another possible vériable and did a little investi-

gation into it's influence on machining.

A sféfehenf of the main purpose ot the thesis would
be as follows: (I) to observe the Intluence of cerfa}n
variables, namely Speed,‘depfh, feed and side rake angle,
onh the power requiréd to remove metal, changing ohe var-
iabfe at a time and holding the others constant; (2) to
set up an équafion tor power consumed whfch would include
on the right hand side the above variables raised to
known powers and a constant K, this constant to be lérgely
dependent on the material being cut, although it may also
be affected by perfain supressed variables; and (3) it

it appears that this equation may hold for ditterent

materials, the only change in the equation being in the

constant K, a standard test will be devised to determine

this constant, the value of the constant will then be

e e RO e AR e

an index to machinabllity based on power. consumption,
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DESCRIPTION OF APPARATUS

The lathe used in this investigation was & fourteen

inch Reed-Prentise with a five foot bed. It was driven

by a 7% horse-power motor through a Horton Variable Speed
Pulley. (Fig. #1) By means of the change gears and the

Horton Pulley, it was possible to obtain any desired

surtace speed irrespective of the diameter of the billet.

Figs |

To measure the forces on the cutting tool, a three
component lathe tool dynahomefer was employed; This
dynamometer { Fig. #2) was designed by the late Mr. A.

W. Lawson, instructor in the Machine Tool Leaboratory at
Massachusefts Institute of Technology. Rex AA high speéd

steel tools ( see Appendix G for composition and heat



P i

o~



R

-10-

treatment) were clamped into a tloating tool holder.

The tool holder had been machined out of a solid piece
of steel and was so counter-balanced that it remained
perfectly level when supported by only two steel struts

at the forward end. These struts { E in Fig. 3) were

‘adjustable so that the point of the tool could be placed

at or above the height of centers. All the plvofS and
struts used in this dyhamomeier were ball pointed and
acted on hardenéd»sfeel sockets in order to eliminate

as much friction as possible.

|  FORCES ON TOOL
i A-STRUT TO TANG. DIAPHRAMS AND GAUGES
8- STRUT TO RADIAL DIAPHRAM AND GAUGE
C- LONGITUDINAL FORCE FULCRUMS
D-STRUTS TO LONG. DIAPHRAMS AND GAUGES
E-TANGENTIAL FORCE FULCRUMS
T-TANGENTIAL FORCE

! - L- LONGITUDINAL FORCE

| : R- RADIAL FORCE

Fig. 3




At *he top énd to the rear of the tool holder, a
Cstrut (A fn’Fig. 3) transmitted the tangential or déwn—
wérd torce T on the too! point to & large diaphram, the
pressure being recorded on a Crosby Bourdon gage. An-
other strut ( B in Fig. 3) at the rear of the tool
holder, approximately at the height of the cutting édge;
ot the tool, connected the tool holder to another dia-
phram and gage. Thfs‘gage measured the radial force R

on fHe tool. At the tront end of the fool holder and-

at the approximate height of the cutting edge, two struts
were placed ( D in Fig. 3), one on either side, to trans-

mit the longitudinal torce L to two diphrams and gages.

The }echnique used in the operation of the dynamo-
meter was such that the tool holder was always mainfaiﬁzd
in its original level position, Hydrauvlic plungers on
the Qage side ot each diaphram were used to set up a
tforce equal and oppbsifz to the mechanical force delivered
by the stfrut. Dial gages were placed so as to measure
any change in the position of the tool holder. All the
dials were set at zero when the tool was balancing and
‘unloaded. As the load was applied to the tool, the oilv
pressure on the gage side of the diaphram‘was increased
so as to mainfain_iﬁz dial gage at zero. Pressure
readings were only made when all of the dial gages were

at their original or zero position.
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For the experiments on the cutting at elevated tem-
peratures, the dynamometer could not be used. The cut-
ting tools were, theretfore, held in the regular tool
post and all the power measurements were made with the

wattmeter. The setup for heating and cutting the billet

is shown below in Fig. 4.

Fig. 4
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A two inch oxy-acetylene descaling tip was used fo apply
the heat to the billet. The application of the tlame

was. about three inches ahead ot the tool.

The measuvrement of the temperature of the billet

presented quite & problem. The tool-work thermocouple

" method as employed by Herbert, Woxen, Boston and others

was considered but finally discarded as it was felt that

this method would not give the temperature of the billet

“but rather the femherafurz‘af the point of the tool.

This temperature would, ot course, be considerabiy higher

than the billet }emperaiure due to the heat evolved in

the rupturing of the metal and the frictional heat caused

by the chip rubbing on the tool poinft.

A fhermocouble as illustrated below in Fig. 5 was
$inally made and mounted so as to rub on the surface ot
the billet just ahead of the cutting tool, between the

tool and the flame.,

s Sl 77772
! 7777
e, _ L"l‘f

| D
fEN BN
| | d

Fig. 5
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A Coﬁper—congfanfine thermocouple | calabration chart in
appendix G) was silver soldered to a short piece of
‘copper rod. This rod was held in a piece of asbestos
wood with two steel set screws. The end of the rod to
which the fhermocoup[e was soldered was insuvlated from
the room temperature by a packing of asbestos fibre.

ihe surtface of the asbestos wood'was ground to a radids
of six inches. A piece of spring steel held the block
against the billet with a constant normal fbrce.- The
fhermo;clecfric force was measured with a Wilson-Maculen

Millivoltmeter,
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Il
PROCEDURE

A - Calibration of Lathe and Horfon Pulley.

In>order to use the wattmeter recading of the power
input as a check on the power output as given by the d?n-
amometer, it was necessary fo determine very carefully |
the efficiency of the lathe and Hor ton Pulley for the
ditferent sets ot change gedrs that might be used and for

difterent percentages of slip in the Horton Pulley.

A prony brake was mounted on a shatt hqld in the
lathe chuck and a platform scales were used in fthis cal-
ibration. The necessary tables ot data and the efticiency

charts are included in the appendices A and B respectively.
B - Calibration ot Diaphrams and Gages.

The diaphrams and gages had been calibrated by
Albert Musschoot and James Stewart in l936, using a
Riehle testing machine, and their calibration data appears
in Appendix G. This calibration was checked in 1937 by
R, W. Vose using a 3000 pound Moorehouse proving ring.
Sincz fhg two calibrations checked very closely, it was
felt that further calibration was not necessary. The
figures obtained by Musschoot and Stewart are used in

the calculations,
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C - Cutting at Room Temperature.

In order to obtain the necessary data for this inves=-
+igéfion,'i+ was necessary to make a great many runs.
Each of the four variables had fo be varied over a certain
range while the other three were held consfanf; Four
vafués of surface speed were used, 30, 40, 50 and 6O feet
per minute; seven values of feed were chosen; 35, 7, |4,
28, 2|; 10+, and 5% thousandths of an inch per revolu-
tion; three values of depth, 1/32", /16" and 1/8"; and
tour values of the side rake angle, 15, 20, 25, and 30

degrees.

"All the tools were ground on a special grinding
»wheel equipped with a filfing'brofracfor table and a pro-
fracfor‘guide sb that all the angles ot the fodl could
be easily reproduced. All the angles of the tools were
kept constant except the side rake angle. | See Appendi x
G tor tool dimensions) Eight tools were used. Tools |
'vand 2 had a ISaside rake angle; 3 and 4, a 20° angle;

5 and 6, a 25° angle; and 7 and 8, a 30° angle.

The technique used in handling the dynamometer |s
very imporfanf‘and considerable time was spent ih devel-
oping a suitable technique. For the sake of future in-
vestigators, | will try to explain the procedure very

closely so that unnecessary time in their investigations



-17-

need not be wasted.

The tool is first placed in the tool holder and ad-
justed with the gage provided so that it extends just the
right amount from the tool holder, It is then clamped
tirmly in position. The two front struts are then ad-
justed to bring the cutting point at the right height.

In fhis fheéis all of the cuts were made with the tool

at the height of centers. Next check with a small bench
~level to see that the tool is level and square with the
billet., When the *ool is pertectly level set the temper-

ar? stop at the bottom and rear of the tool holder to the
correct height, (his stop is only used to adjust the
bfangenfial and radial sfrﬁfs and must be screwed out of

i , the way when the actual cuts are made.

The longltudinal, tangential and radial stuts are
then adjusted so that a small pressure is recorded on their
respecfive gages. It was found that the best results
were obtained when the struts were adjusted so that the
longitudinal and radial gages carried an initial pressure

ot tive pounds per square inch and the tangential gage

recorded an initial préssure ot one pound per square inch.,
The dial gages are now placed in position and their Scales
so adjusted that the indicators are in the zero position,

It the dial gages are clamped tightly in position and the
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struts are locked with the lock nuts provided, this one
initial adjustment may be all fh§+ I's necessary. Fre-
quent checks should be made, however, to be sure that

there has been no change in the zero position.

Before making the runs, the lathe should be allowed -
to run idle for approximately one half hour to insure

that the motor is at the normal operating temperature,

The‘fogl is now brought up until It just touches the
suffacé of the billet and the reading on the micrometer
dial of the cross-teed screw is noted. With the tool
carraige at the end of the billet, the tool is screwed
info the desired depth of cut. The surface speed of the
billet Is then adjusted with the Hor ton Pulley and ac-

curately checked with a hand tachometer.

Betore engaging the feed clutch, an additional
pressure was applied to the longitudinal strut by means
of the plunger on the longitudinal diaphram. As the tool
begins to cut, the plungers for the tangential and rédiél
diaphrams were adjusted simultaneously so as to keep
their respective dial gages at the zero position. With
these two gages at zero and the full cuf‘being‘made, the
- longitudinal plunger is feadjusfed so as to bring its

dial gage to zero. When all of the dial gages were at
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zero and the billef was furning at the right speed, the
pPressure gages and the wattmeter were read and their values
recorded. Of course, it was impossible for oné man to

make four simultancous readings. A certain amount of error,
therefore, was unavoidable. The pressuvre gages remained
tairly constant throughout a cut but the wattmeter +ivc-
tvated considerably, which made it very ditticult to

read and added to the probable error. i} is for the above
reasons that too much weight is not to be placed on the
percenfage errors between the mechanical and electrical
measures of power consumpfion as shown In the charts in

Appendix C,

As a rulé, tourteen runs were made with cach tool
before resharpening. These cuts averaged a didtance of
aboﬁf 3/4" along the surface of the billet, and the ap-
proximate cutting time before resharpening was 15 minutes.
With only two exceptions ( on the 1/4" cuts) the ool
was always in good cutting condition when j+¢ was rémoved

trom the holder for resharpening,

The actual depth of the cut was determined by mea-
suring the diameter of the billet with a micrometer be-

tore and atter the cut was made,

Photogrephs were taken with g microscope attachment

of all the cuts in an attempt to get some measure of sur-
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tace conditions. Some of these picfures will be found

in Appendix I.
D - Cutting at Elevated Temperatures.

The procedure ot CUfffng at elevated billet temp-
eratures was quite different from that above. The too!
was hela in the regular tool post, all poWer measure-
ments being made with the Qaffme#er. A few runs were made
with no heat applied to determine the amount of frifionai,
heat déveloped by the rubbing of the fthermocouple over

the surface of the billet. These results are included

in Appendix G. The actual cut was then started, and

" atter it had progressed a short distance the heating
torch was ignited and the temperature oflfhe billet began
fo rise, Freqbenf reading of the wattmeter and the milli--
voltmeter were recorded. The cut continued until the

cutting edge ot the tool broke down., The billet was then

- allowed to cool and a second run was made.
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DISCUSSION OF THEORIES AND BESULTS
A - Cuf*ing at Room Temperature.

in the introduction it was stated that power con-
sumption was probably a function of feed, depth, tool

angle and speed, or an equation of the following sort
() - P = K F¥ DX AY 2

where F is feed in thousandths of an inch per revolution,
D is depth in thousandths of an inch, A is the side rake
angle in degrees and S is the surface speed in feet per
minute, K is a constant whose dimensions are rafher
complicated, but sénce K is to be an index of machinabil-
ify, its dimensions are unimportant, P is power con-

sumption measured in horse-power.

I't is assumed that K is é constant of fhe'ﬁaferial
being‘cuf and is dependent only on the material. This,
however, need not be true since 6 large number of var-
iables that were listed in the introduction were sup-
pressed in this investigation. That is, it is very
possible that power may also be a tunction of back rake
angle, cbffing edge angles, nose radius, etc. ‘We will
not know this detinitely, however, until future inves-

figafions have been made +o‘defermine the influence
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ot these other variables on machining,

For the time being, therefore, we will assume that
K is a material constant and its value will be influenced
only by the microstructure and physical and chemical pro-
perties of the material being cut. The proof of this
assumption would be'very helpful, for then it might be
possible to predict K, or in other words maéhinabilffy,

by means of hardness, grain size, tensile strength, etc.

The values of the exponents W, %X, ¥ and z in equa-
tion (1) were determined by plotting one variable at a

time versus power, for example
{2) log P = ﬂog K+x log D+vy log A+z log §]+ w log F

but the part of equation (2) in brackets may be com-

bined to form a new variable Q and the equation then

becomes
(3) log P= log Q+w tog F , or
(4] fog P-log Q = w log F

It we, therefore, plot feed versus power on log
log paper, the average slope ot the resulting set of
curves will be the value of w. Plot I, below, is a

typical Feed vs. Power graph. ( See Appendix D for
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other Charts J. The average value of the 24 curves of

Feed vs. Power was |.1048,

Piot 16 is typical of the curves obtained by plot-

ting Depth vs. Power. The average slope in this case

being |.0000,

Plot |7 is the entire set of curves for Side Rake

Angle vs. Power, the average slope being ~.3945,

Substituting the above values of w, x and v into

equation (1) we have



I
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leaving z the only unknown exponent. Untortunately, the
runs, numbers | through 350, which contained the data for
the surface speed variable were no* consistent with the
reruns, numbers 35| through 542, It seemed atter the runs
had been made that the first billeflwas nof as homogen-~
eous as the second. AI! data available, however, on the
affect ot speed ot loading on fhé poWer to rupture metals
seemed to indicate that the range ot speeds here tested
would have no aftect on power consumption. It is , there-
fore, assumed that $ appears in the equation to the first

power, and the tinal equation is

In order to determine the value of K, the equation would
~

be written

P . Ai3945
D.S.F"IO48

(71 K =

The accompaning nomographic chart was set up for
the rapid calculation of equations (6) and (7], and is
the basis for fthe proposed standard test to determine

machinability.

In order to check the validify_of the assumption
that equation (6) should hold tor all similar metals

{ steels, for example) a series of runs were made on a
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billet of-S.A.E. 1040 steel ( see Appendix C tor proper-
ties). Plot IS? below, is the Feed vs. Power curve for
the series of runs., In ail cases the data from the Iighff
cuts secemed to be somewhat erratic, and for this reéson,
too much weight should not be placed on the slope of
curve A in this plot. The slopes of curves B and C come
close to the dverage value of the Slope for feed as de-
termined on the Vanadium "D" stock. The deviation of
slope B from fhi§ average was only 11.8%, and the devia-

tion of slope C only 2.36%.,

It seems very likely, theretore, that the original

assumption is correct and the equation is valid, Time
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did not permit making more tests on other materials, but

these, of course, should be made as further and more ab-

solute proot ot the equation.,

The average value of K for the Vanadium "D" stock
was .237K|O'4, the largest deviation from this value

being but 5.5%.

The value of K for the S.A.E. 1040 stock as deter—
mined from slope C Plot 18 was .153x{0™%, This, | belieﬁe,
is very close to the real value of K-¥or this material |
as curve C is the closest of the three curves to the
curves tound for the Vanadium "D" stock. The average
value of K as determined from curves B and C was .léOﬁiO'f
deviating only 4.57% from the value of K as determined
from curve C alone. 'The average value of K as deter-
mined from all three curves was .137510'4, a déviation

of 10.46% from what | believe to be the better value,

From these Values ot K it would secem fhaf the Van-
adivm "D" stock was 55% harder to machine than the S.A.E.

1040 steel, This is on the baesis of power consumption.

On the basis of the results of this thesis, the
tollowing standard test for determining machinabilify

is proposed.
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The tool to be used iﬁ the standard fesfyfor
machinabilffy shall be made of high speed steel
of the 18-4~1 type of composition. It shall
have the following dimensions; front cutting
edge angle, 11°; side cutting edge angle, 30°;
side and front clearance angles, 6°; back rake
angle, 67; side rake angle, 20°; and nose

radius, 3/64:

‘Nine cuts shall be made, three cach at the
) tollowing depths, 100, 125 and 150 thousandths
of an linch, usiﬁg all ot the tollowing values
of teed during each cut, 7, 10.5, 14, 2| and

28 thousandths ot an inch per revolution.

The data obtained trom these cuts will then be
plotted on log log paper, Feed vs, Power. The
valve ot K forAcach-of the three curves will
be computed using the nomogrephis Eharf, and
the average valve of K obtained will be the
index ot machinability for that material.

This index is based on the power consumption

definition of machinability.
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B - Cutting at Elevated Temperatures.

The Investigation on the attect of billet temper=
ature on machining was started after reading a paper by
Hans Ernst of the Cincinatti Milling Machine Company on
some experiments he had carried out on aluminum bars.,
He used dry ice and boiling water for confroiling the
billet temperature. He found a decided improvement in

surtace finish at temperatures of 60° below zero.

At tirst it was thought that by raising the t emp -
erature of the billet, the work-hardening eftect of
méchining would be greatly reduced and consequently a
lower power consumption would be observed. This theory
was quickly exploded as soon as the runs were made.. In=
stead of noting a decrease in power as the temperature
ot the billet increased, it was abserved that the power

also increased.

This increase in power is probably due to three

things. First of all, the thermal expansion of the billet

may atfect the power consumption in two ways, an increase
in the radius would cause a corresponding increase in the
depth of cut, and the increase in the length of the billet
would result in an lincreased pressure on fhe-fail-siock
center. The increase In power, however, duve to the ther-

mal expansion was practically negligable since the in~-
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crease in radius was of the magnitude of a few thousandths
of an inch. By using a ballbearing tail-stock center,
the increase in frlcfional drag, due fto fhe'increased

pressure on the center, was not of great importance.

A second tactor which led to an increase in power
was the setting up of high internal stresses by the wn=-
even temperature disfribuffdn throughout the billet. This
tactor is probably of much greater imporfance than the
~tirst. Very rough calculations showed that with a sur-
+¢ch+emperafure of 650 degrees Fahrenheit there was a
fahgenfiél compressive stress ot 40,000 psi. ( exact cal-
culations were impossible with the data available.)

This stress would result in a negative shear stress of
approximateliy 20,000 psi. Being a negative éhear, it
was in the opposite direction from the shear stress

necessary to remove the metal.

- —
._—_Pl e

Shear due to Temper- Shear to Remove

ature distribution. Metal.

This factor, undoubtably, caused a large increase in the
power conrsumption, The cutting too! had to overcome this

large Internal shear stress before it could start cutting
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the chip from the billet,

The third factor, and by tar the most imporianf of
the three, lies in the physical properties ot the metal
itselt, Alfhough no tensile fésfs were made on the Van-
adium "D" stock at elevated féhperafures, sufticient data
has been published to show that steels of similar com-
position show an increase in»fensile strength uvp to a
certain point and then a rapid talling otf as the temp-
erature is increased from room tempeaature on uvp. The
haximuh tensile strength is observed between 650 and

700 degrees Fahrenheit,

Taking everything into consideration, the cutting
at e!evafed'femperafures was not a very safis*acforv
experiment, At the elevated femperafufes, tool lite was
reduced to practically nothing and power consumption was
materially increased. Jugf opposite of Ernst's results
on aluminum, a noticably finer finish was obseryzdi

when machining at the higher temperatures.
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SUMMARY OF RESULTS AND RECOMMENDAT IONS

At the beginning ot this thesis, an equation with

tour unknown exponents was set up. This equation was
P=K FY DX AY 5%

By wsing conventional type high speed cutting tools and
varying the side rake angle as well as the feed, dc§+h
and cutting speed, the exponents in the above equation

were determined,

w = |.1048
x = 1.0000
y = -.3945
z = 1.0000

The equation tor power consumption then becomes

where feed and depth are in-thousandths of an inch, A is
the side rake angle in degfees, S is the surtace speed in

- teet per minute and P is the power coasuption in HP,

The value ot K is assumed to be an index of machin-
ability, with machinability, in this case, detined by
power consumption. The value of K for the Vanadium "D"

stock was .237x10"%, and for the S.A.E. 1040 .153x10°%4.



A proposed standard test for determining machina-

bility was set up as follows:

The tool to be used in the standard test for
machinabilifty shall be made ot high SpeedAsfeei
of the 18-4-1 type of composition. It shall
have the foflowing dimensions; front cutting

o

edge angle, 11°; side cutting edge angle, 30°7;
side and front clearance angles, 6°; back rake
angle, 6°; side rake angle, 20°; and nose

radius, 3/64.

Niﬁe cuts shall be made, three each at the
tollowing depths, 100, 125 abd 150 thousandths
of aﬁ inch, using all of +he'folloWing values
of teed during each cut, 7, 10,5, 14, 2| and

28 thousandths of an inch per revolution.

The data obtained trom these cuts will then be
plotted on log log paper, Feed vs. Power. The
value of K for cach of the three curves will
be.compufed using the nomographic chart, and
the average value of K obtained will be'fhe
index éf machinability for that material.

This index is based on the power cons&mpfion

definition ot machinability.
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A tew of the pictures of the billet surface are
included in Appendix |. It was almost impossible to
tell, either with the naked eye or from the pictures,
any difference in the surtace finish obtained when

the surface speed, depth of cut and side rake angle

were changed., Increasing the fteed, ot course, increased
the roughness of the tinish, |In general, the finish ob=-
tained under all conditions was very good.

The results ot machining at elevated billet temp-
eratures showed that power consumption rose as the temp-
erature of the billet was increased. Tool life was re-
duced to but a few minutes of cutting, but surféce finish

was greafly improved at the higher temperatures.
R ECOMMENDAT I ONS

(1) 1t is recommended that for undergraduate research,
turther work should be carried out to check the valid-
ity of the Power equation and the accuracy of the Stand-
ard Test. The check on the equation should be made, if
possible, using Vanadium "D" stock, otherwise S.A.E. {040
stock., After the equation has been checked and a suit-
able technique established, the Standard Test should be

applied to as many samples ot steel that can be obtained.
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(é) For graduate research, it is suggested that some of
the other pos;ible variables be investigated to see what
iﬁfluence they have §n power and the constant K. Some
of these variables might be side cutting edge angfc, béck
rake angle and the use ot cutting tluids. |t may be found
that the equation proposed inlfhis thesis is too simple
ﬁnd that some more terms must be added to make the equa-
tion more general. When the preSeﬁf equation or a more
general equa}ion has been established and the contant

K has been proven }o be dependent only én the material
itselt tor its value, it is suggested that an investi-
gation be made to determine the influence ot the micro-
structure and the physical and chemical propér%ies of the
material on K. It is very possible that the value of

K could be predicted knowing the chemical analygis,
hardness, tensile strength and grain size of a certain

piece of steel.

{3) It is further suggested for graduate research, that
an attempt be made to find a reldiionship between the
esfabli;hed equation for power consumption Snd an equa-
tion to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>