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SUMMARY

Three types of materials, varying from ductile to brittle,
were turmed in a lathe and the cutting and thrust forces recorded.

A series of ten cuts on each material was made with feed as the ;ari-
ﬁble; The natural sharpness'radius df the cutting teool was then mea-
sﬁred'by optical and photographic means. Using the value r/t as &
parameter, where r is the natural sharpness radius and t is the unde-
formed chip thickness or feed, the cutting and thrust forces were
studied.

This invesfigation was undertaken to extend the work done by'

" P. Albrecht, who developed a theory in which he introduced a new force
into the éutting process. This fbrﬁe,fééiied the "ploughing" force,

is dependent on the size and shape of the nﬁtural sharpness radius of

the,cutting tool.

Duefto the difficdl%ies in measuring; it was not ﬁracticai to
vary the size ﬁf the sharpness radius.-_Instead the paraﬁeter r/t was |
selected to sﬁudy'fhe effect of the radius. The .feed could then be
varied whiie the radius was held canstaﬁt. .Both the cutting and thrust
forces were shown to decrease as the parameter r/t increased.

The:nggnitude of ihe sharpness radius was fougd to have an éffect_
on the cutting force. For the same cutting conditions, the tool with
the larger radius had the higher cutting force and thrust force and, |
hence, used the most power. The radii ground for this expériment.wefe

in the range of 0.000l - 0,00l in.

g
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A value df.thé parameter r/t,.where the best cutting conditions
existed, was found for each material. This meant that for a certain
radius there was a corresponding feed that would determine a best
ratio for Cuttﬁig. A value of the radius was also found where minimum
power was cbtained,.

The sharpness radius did introduce a force J'.nté the cutting
operation in'additibn.to the shearing'force. This invesﬁigation showed

the ploughing concépt could be a logical explanstion for the new force.




CHAPTER I
INTRODUCTION -

It has been said that industry is waéting as much as 3 billion
Idollars of the 12 billian it spends each year for cutting chips (l)*.
This loss is attributed to machining inefficlency and to the gap beﬁween_ 
what ig being done in production and what could be done.
Machining is én eggineering process, utilizing materials and
energy to produce usefﬁl goods. The undersﬁanding of such actions, and |
~of the part ihey play in the metal cutting operation, holds the key to
real engineering édvances=in machining technology. Thus, for metal cut=
ting research to be truly efficient and productive, what is require_d is 8
Unifiéd attack, both basic and applied, employing all of the.phySicél '
acliences and engineering. |
When early engineers begaﬁ develqpment.of tﬁe pfesent theofy 6f
metal cutting, certain simpiifying'assumptions were made. This is usuelly -
the cage when-a'complex problem is firgt attacked. Among theze initial
éimpiifications was one that neglected the size and effect of the natural
sharpness radius of the tool apd considered it perfectly éharp at éll

times. This dimension was said to be small and insignificant in_compari-

son with the dimensions of the cutting mectanism. In the years that fol-
. lowed, researchers in thé metal cutting field adopted this assumption as

a matter of fact.

® . ' '
‘Numbers in parentheses refer to items in the bibliography.
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‘P. Albrecht, however, backed by expepimental evidenée, départed

| from thel customary way of accepting the assumption. He developed. a modi-
fied theory, based on shear, but ﬁhich_intzﬁduceﬂ an additional force inpo:
the cutting process. This force he referred to as the ploughing force.
The ploughing force, Albrecht claimed, is dependent on the size and shape
of the natural sharpness radius of the tool.

The investigation reported was -Lmde'rtaken to extend the work done
by Albrecht. In particuiar, the effect_of the natural sharpness radius
upon cutting forces was studied by means of the r/t parameter. Three
materials, from ductile to brittle, were turned on a lathe during the
| study. Strain measuremenﬁs were made with a toolldynamometer_ahd a Sanborn
strain recorder. Recordings were closely examined for the na£unal sharp;

ness radius effect.




CHAPTER II
REVIEW OF THE LITERATURE

Before 1959, all of the work done in the field of metal cutting was

based on the fact that the deformation of metal was due to the shearing

" phenomenon alone. Bven as far back as 1895, when AlbertrKingsbury des-

_cribed chip formation (2), this basic assumption was used. He found that

& crack always preceded the point of the cutting toolf This circumferen;
fial-crack develops aldné a straight.line for a certain distance and then
turns off at 45 degrees to the original direction, branching out toward
\the:surfaée of the chip, thus permittipg the chiﬁ to wnwind from the stock
and slide out along the top ef the tool.

\In 1909, E. G. Herbe;t defined the chip éslthat'portion ef a forg-
ing whicﬁ is at the point of being cut éway'by & turning tool in a lathe
as a Jet or stream of steel impinging on the point of the.tool and dis-

sipating its energy in the form of heat {3). Bruce reported that Jones -

and Laughlin compared the action seen on a high speed film to a river con-
-taining considerable debris at flood time flowing past an island or pos=-

sibly an ice breaker moving thfbugh a frozen stream (4).

Maicolm F. Judkins claimed the tool waé more like a punch than &

. wedge because the material is not so much split as pushed (5). The tool

compresses the ﬁaterial ahead of the point or nose, and escape of the
material so cdmpressed-involves shearing stresses resulting in rupture,

segméntation; or plastic deformation and flow in ductile metals.




All of these men and msny others wh& looked at chip formation
agreed on one point, that is, that fgrce diagrams are to assume the tool
perfectly sharp and the cutting ﬁction a shearing process. The shearing
action plastically deforms the work material and so separates it from thé
workpiecé. In crder to producé such plaStiE deformation considerable force

is required. Forces acting between the cutting tool and work material‘are

shown in Figure 1. The theory (6), based on this diagram, has to & large

extent clarified the mechanics of the metal cutting process.

Figure 1. anveﬁtional Force;Diagram'--

P. Albrecht went beyond this basic idea-and added an entirely

. new conéept to the understanding of metal cutting (7). He claimed that

" the forces due to the shearing effect are present, but in addition, another

force existe due to the finite sharpness of the cutting edge. He referred
to this force as the "ploughing force." Thus, he claimed ploughing to be

the number two mechanism in metal cutting. The introcduction of it makes

ion .
| ;|!‘
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~ the analytical model of metal cutting more dependable and explanatory.

The major idea of the ploughlng concept is that the shadowed area
af metal in front of the 'rounded” tool edge is displaced mainly into the

chip (see FigureIE). The metal being pressed into the chip tends to

Figure 2. Ploughing Process

aexpand‘the'layer ad jacent to the tool facé,lcontributing in this way, to

chip curling. A minor portion of the metal will be pressed into the neﬁly

" produced work surface causing regidual compressive stresses, usually found

after a machining operation. The development of a moré complete force
dilagram which separates the ploughing force\from the chip-tool interface
force is shown in Figufe'5. | |

‘In his devéloPﬁent Albrecht used the feralsharphess to define fhe‘

vefy small rounding of the extreme cutting edge which is ‘the tiny, approxi-

mately cylindrical‘surface connecting tool-flank and tool-face surfaces.

This small cylindrical surface ig dévelbped'on the cutting edge during
grinding of cutting tool. As the grinding wheel works along the tbol-fage
or tool-flank, tiny particles of tool material break off the extreme edge

where the edge is so thin that the msterial cannot stand the impaat of

+
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Figure 3. Force Diagram Containing Ploughing Force

grind Ing-wheel gnaiﬁs. It should be noted that the grinding wheel does
not generate the rounded surface. Thus its surface finish can be expected
to be much rougher then that of surfaces which: were produced by the grind-

ing wheel directly. . The radius r of such a surface gives the magnitude

of the rounding and thus can be adopted as a measure of the sharpness of

. the tool.

Methods of a mechanical-optical nature have been used to measure
the radius. The magnitude of the sharpness radiuS'was found to depend
on several varj.ables and usually to fall into the range _'between 0.0001 -
0,001 in. The higher values of this range were fou_nd to correspond to
the negative ranée of rake angies and the sﬁaller to high positive rake
angles. |

The sharpness concept. ¢can be 'usefully ana]_.yzt_ed by way of the param-

eter r/t where £'is the sharpness radius and t is the undeformed chip

YT




thickness. Albrecht undertook an investigaticon in which he attempted to
see how the curling of the chip would react to a change'in_the ploughing
force. This could have been done best by‘décreaaing the sharpness radius
ﬁntillit becomes insignificant. However, this is not praCtical, ana-he
therefore greatly incréased the sharpness radius and‘kept'the uncut ¢hip
thickness small instead. Albrecht foﬁnd no ploughing when r/t becomes
greater than unity. The tool face was out of range of.chip-tool contact,
and so the chip-tool contact ended in the r@unded portion of the cuttef.
Inﬁthis wéy'the rounded porfion_served as the tool face. The chip ob-
fained ﬁnder these conditions showed no curl at all. It should_be noted,
however, that some of the straightening effect was due to the rounded tool
face having a curvature in the opposite d;fection from_usual chip curl,

. For values ﬁf r/t léss than unity, the curling started to appear
at & value of t such that the rounded ﬁart of the surface ceased to fumc-
tion as a roundéd tocl face and started to act as a sharpness rounding
producing & ploughing effect. In other words, when the uncut chip thick-
ness is sufficieﬁt tb provide chip-tool contact on the flat.portiOn, chips
curl...

Albrecht claimed thaf chip curling can be.expected to bécome less
and less prbﬁounced with increasing thickness of the chip because of its
higher rigidity. This is because the amom£ of metal ploughed remains
" esgentially constgnt. Thus he states the ploughing force is‘independent
of I, except at small valueé.

M, C. Shaw fefuted the claim that the rounded nose on a tool has
a significant effect (8)., He claimed that practically all researth work

involving the analysis of cutting forces and stresses is conducted with




: sharp tools and values for undeformed chip fhickness that are 0.005 in.
or greater. Shaw claimed that it 1s not difficult to obtain and main- |
tain a cqtting edge having & radius of 0.0002 in. br less at low cutting
Iépeeds and'hence'that ﬁhe size of the round nose is insignificant rela-
tive to the depth of layer removed. A very ‘large nose would uhdoubtediy-
have g siénificant ihfluencé on cutting.fﬁrce results, but this wouldlbe
: podr practice. According to_Shaw, only when cutting Wiﬁh a very dull
tool or with a large built-up edge is the concept of ploughing a valid
one. _

| In refuting this discussion by Shaw, Albrecht claimed his obser-
vat ions wére baéed on actual figures and not on guésses of assumptions.
He showed the ploughing'force may attain a value in hundreds of poﬁnds,
équaling in magnitude other forces developed in metal cutt.in.g in the
range of smailer t's,

Albrecht réasoﬁed the validity of the pioughiné force in this
manner: he said-that Shaw %nd 6ther§ chserved previously'a.chanée in
the magnitude and direction of the resultant force on thé tool when the
chip-fool confact lehgtﬁ.is artificially decreaséd¢  This can onl& mean,'
- then, that the resultant force assoclated wifh contacf along the flat
toel face is incomplete; that there must be & second force system con-
tributing to the total force - namely é forbe system at the cutting
edge - a ploughing force, Then, artificially decreasing the contact
length on the tool face will change the relative magnitude of these 30
force systems,:thus changing thg obhserved magnifude and diregtidn éf_the
overall'reéultant force. This change in magnitude and direction of

resultant force ,» that is, change in cutting force and apparent coefficient




of friction, is predictable only when the two force systems are postu-
lated. Thus Albrecht claimed his experimental work confirmed the exist-

ence of a ploughing force.
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CHAPTER - IIT
EQUIPMENT

The experimentai runs were made ﬁsiﬁg-equipment_picfuréd'in
Figure 4. A £001 dynamometef was mounted on an engine lathe and the
-strain recorded bn Sanberh equipment; -.

_IThe tobl dynamﬁmeter consists of ﬁ steel fname which houses
strain gages on a round shaft. (see Figure 5). The end of this shaft
serves as the toolholder to which tools arée firmly secured. The strain
gages are attached so that they read the.straiﬁ in both the cutting and
thrust difections. The dynamometer is ﬁounted on the lathe so that-thé
tool can cut at the.centér of the-workpiéce at all timeg. A Tinius
Olsen tenéiOn'tgsting'machine wag used to calibrate the dynamometer.

The Sanborn recorder is a portable model with two panels; each
having its owm recondihg stylus (Eee_Figure 6). The device'consiSﬁs of
a full-bridge element *hiéh acts to meaSufe the.resistance induced by
“the strain gages. The bridge is balanced by'varying.the resistance and
capacitanée quanfitie%. Recﬁrdings of the stfﬁin are burned on a.waked
récording sheet by a heated %tylus (see Figure 26 in Appendix A for a
éample record ). | |

The engine lathe is one made by the Monarch Machiné Tool Company.
The-carriage has a 14.5 inch swing and there is a 30 irch distance betwegn
centers. - |

The workpiece materisls varied from brittle to ductile. Cast

irdn, aluminum, and steel were selected as the range., These materials
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were'cut with high_ speed steel tools of the Firth Stirling brand., During
the invest-igation workpiece hardness readings .WEI‘E! taken on a R;ackwell
Hﬁrdness Tester. ”

The edges of the tool points were cut off by a Precision-Jarrett
Abrasive Wheel and mounted in lucite. The sharpness radius vas then mea-

sured by optical and photogmphic equipment.

e e e e e, e B
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Figure 4.

Test Equipment.
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Figure 5.

Lathe Dynamometer.
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Figure 6.

U

Sanborn Model.
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. CHAPTER 1V
PROCEDURE

Preparation.--The piece of stock was first furned in the lathe éo that
the cylinder was of uniform diameter. The material was then taken out
of the lathe and hardness readings taken with a Rockwell Hardﬁess Tester.
‘ Several hardness readings.wefe taken and an average'obtained..-The mate;-
ial was then put back in the laﬁhe.' The Sanborn bridge was'baianﬁed and:
the correct settings made on the ﬁachiﬁe. | _ .
Cutting.f-The cutting tool was féstenéd in the dynamometer and the depth
of cut set as a constant on the'léthe. Cuﬁs were taken with this tool
varying the feed over a range of-0.0025jt0 0.0260 inch per reﬁolutianq
* The speed of the macliine and depth of cut remained consta@t over fhe\xange
of feeds. At this point, the ﬁatérial was teken out of the lathe and .
again hardnegs tested.

Measuring the radius.--The cutting edge on the teol was carefully pro-

tected until-if could be cut off with the abrasive wheél._ This cut was
'made.in one simple, fas£ opef&tibn. ~The small cutting edge was then
mbunﬁed in lucite and the edge to be measure& polished. By.opticéi and

- photographic means the radius was magnified to many times its size and
meagured by a comparative process. Cowpariﬁg the radius with known radii

“a definite dimension could be established.




CHAPTER V
DISCUSSION OF RESULTS

The three specimens used in these experiments varied from ductile
to brittle. The Rockwell hardness readings shown below were taken be-
fore cﬁtting. Due to work hardening, the surface became harder with each

successive cut.

.Material Rockwell B hafdness

Class 25 Cast Iron : _ _ 2.0
C 1018 Steel " : 86.5
6061 - T6 Aluminum | . koo

Forces measured were the cutting fo?ce anﬁ the fﬁréég fqrce.thhé
' cutting force is thé'force exerted as the £ool ﬁoves aléné.éhé %ork-
piece. The thrust force is due to the action of the tool perpendicular
fo the cutting direction.

Natural sharpness radius.--This radiuvs, the very small rounding of the

extreme cutting edge, is the approximately cylindrical surface conﬁecting

tool-flank and tool-face surfaces. The radii of the tools used are:

Tool Raké Angle Radius . _ Radius History
1. -30 ' 0.00200 natural
2. =10 | 0.00083 ' natural
3. 0 0.00069 . natural
. 10 0.00049 - natural

5. 10 : 0.00052 natural
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Tool Rake Angig\ . Radius Radius History
6. 20 - | 0.00040 B ' ~ natural
T - 30 . zaomﬁo “ natural
8. 20 0.00220 © intended
9. . 20 - 0.00075 | | " intended
10. 30 ~ 0.00037 | _intended

Toois 177 were ground and the.radii formed were those forﬁéd in
the process of grinding the tool-flank and tool-face surfaces. The nega-
tive rake anéles kave the largest valueg of rgdii and the higher positive
rake angles have the smallest radii. The tools 8-10 do not fit in this
cafégory because g definite radius.was ground on them, These radii are
not due to the wearing Qf the edge alone.

Cutting force.--Comparing the materials used, Figure T shows that, for

the same speed, feed, and tool,'the gteel spécimen feéuired the largest

cutting force.. The casf iron and the sluminum were next in that order.

rThe least power is used in a cutting operation where the cutting force is

a minimum.

In studying the cutting force versus r/t, the feed t could have

been héld_genstant and the sharpness radius r varied. ‘However, this was

not practicai since the radius would have to be measured for each cut.
Thus the value of the radius was held constant and the feed allowed to
vary with each cut.

To preservé the experimental accuracy, the depth of cut was chosen

at 0.010 in. and the speed of the workpiece held 0 75 RFM. These values:

allowed as little pressure as possible to.be exerted'on the radius, and

. yet the magnitudes were large enough to obtain good results. The radius
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itself was}measured befor?.and after the,seriés of ten cuts and the dif-
ference found negligible, |

Figureas T7-1l show that as the cutting-fofcé.deéreases the parsm-
eter r/t increases. For small values of r/t, where feed is large, the
cutting force increases rapidly. For a given radius;lé certain feed
will determine an r/t at which miniﬁum power will be exPEHdéd and best
9utting occur. | |

For aluminum, cutting at feeds low enough to mainfain the param-
eter!at_O.lO gives good results. Since cutting forces for cast iron are : E
higher than for aluminum, a larger value of the parﬁmeter should be
chosen. Cutting ﬁs close as possible to 0.50 gave good results in this
case. The parameter value should closely approach 1.00 for cutting steel
under theée conditions. At gbove values, the power expended is minimum.

For example, in Figure 7, the best parameter value is 0.10 for
aluminum. The measured radius of the tool is O.00040 in. and, therefore,
the best feed would be C.C04 inches per revolution. This condition is

for least power when cutting at 75 RFM and a depth of 0.010 in.

Figures 12-14 are graphs of cutting force versus parameter r/t.
In each figure three curves ﬁlotted for different size radii appear.
The higher cuttiﬁg forces are evidently associated with the layger radii,.
The feed varies the same for each curve, and therefore is a conétant
factor.

For a parameter vaiue of 0.10, the Eorresponding cutting forces in
Figures 12-1k are ﬁlotted in Figures_l5-17; ~These gnaphs show how the

cutting force increases with the sharpness radius. Thus, the cutting
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force increages for every parameter value. This supports Albrecht's

claim that the larger the sharpness radius the greater the cutting force. °

If the tool were perfectly sharp the cutting would be done by shearing
only. However, yith'the sharpness radius present, the forces seem to be

affected. The cutting force increases although feed and speed rema in

constant. Thus it might well be the additional force is due to the plough-

ing concept developed by Albrecht.

. Albrecht found no ploughing when r/t was grester then unity. This
is also evident. Figﬁres T~11 show the cﬁtting forces aﬁproaching the
abscissa asymptdtically;-,At r/t greater than unity the cutting.fBrCes
are very small and thus the ploughing force negligible. Albrecht's claim
that shearing alone is present.at r/t greater than unity seems cdrrect?.
too. '

In st.ud.ying the cutting force, the parameter r/t was chosen becsuse
it wés'ﬁot practical to choose the variable r alone. While investigating
'thisﬁparamster, the radius is held constant and feed varied.

A sharpnéss radius caen be chosen where cutting forces are a-mini;
mum. From Figures 15-17, radii less than 0.00L in. appear suitable. The
ploughiné fdrce is still present. . However, it will not be largelenough
to greatly increase the power used in cutting.

The thrust force, though smaller than the cutting force, acts in
the samé manner, -1t starts at a small value,_increasing as the sherpness
radius increases. However, the rate of increase is greater for fhe cut-

ting force than the thrust force. Together with the cutting force, the

*Only three values are used in obtaining the-curves in Figures
15-17, because only three sharpness radii are available from Figures 12-
14, Certainly more points are desirable. Nevertheless, the trend is
evident. : '
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i

thrust force censtitutes . the resultant cutting process force. 8ince the

magnitude of the resultant is difectly depen&ent.on these ferces, an
increase in the components meané an increase in the resultant force. C
Characteristics of the thrust forces are shqwn in Figures 21-31 in
Appendix A, |

" The materials useﬁ- rank in order of decreasing ducfili_ty- as: alu-
minum, steel, and-cast iron. This is of no_conégquence'in-the experimental

data. In Figures 15-17 steel shows the greatest’ i.nérease in cutting

force with increasing radius. Cast iroﬁ and aluminum are next in that
order. No classification, therefore, can be made at this sté.ge with
regard to material ductility.

! ' .k




CHAPTER VI
CONCLUSIONS o

Certain conclusions appear possible as a result of the investiga-
tion., Certainly the nafural sharpness radiﬁs falls somewhere in the range
of 0.0001 - 0.00l in. Furthermore, Albrecht's claim of the cutting force
increase with the éharpness radius, appeara_qt least partly substantiated.
Data are meager and not fully'conglusive but; a.trend,séems present., Thus,
it may wgll.be'true fhaf a ploughing force exists in cﬁtting.

It also appears true that at r/t values beyond wnity, the effect
"of the sharpness radius is no longer-noticeably present.

| Results also éeem to show cutting should be done atlsharpness radii
below 0.001 in. because values above this become costly in powver consump-
tion.

A "bes;“ r/t parameter is also an important consi&eratién. For
the materialé used the values seem to be: ©0.10 for aluminum, O.so'for

cast iron, and 1.00 for steel,
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CHAPTER VII
RECOMMENDATIONS

Effect of built-up edge upon sharpness radii and cutting forces
should be mvestilgated. The ploughing force might depend upen the built-
up edge by way of the radius.

Additional investigations could be condﬁcted to determine what
portion of the cutting force is due to ploughing.

A wider varilety of materinls ought to be chésen for an Investi-
gation of this sort., The ductility--ductile to brittle--might be found

t0 have an effect on the cutting force or the sharpness radius.
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APPENDIX A
DYNAMOMETER CALIBRATION

To determine the load in pounds from the strain sensed by the

~ dynamometer, the instrument had to be accurately calibra.ted. This was
done by applying & known force to the cutting edge and recording the
corresponding strain, A “tool". .placed'm the dynamometer was positioned
‘g0 forces coﬁld be applied at the point where the cutting edge would

1’;9 during cutting. -Figu'res 18 and 19 are the calibration curves for the_

range of interest in this investigation. '
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Figure 18. Calibration of Lathe Dynamometer
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Figure 19. Calibration of Lathe Dynamcmeter
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Figure 23. Thrust Force vs. Sharpness Parameter
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Figure 26. Thrust Force vs. Sharpness Parameter
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APPENDIX B
EXPERIMENTAL DATA

Table 1. Data for 0° Rake Angle Tool

Material: 6061 - T6 Aluminum

2.852 inch

50

'Diamefer:
Depth: 0.010 inch
Radius: 0.00069 inch
156 RPM
1;;?.1 mic rggnrilf}inch {gg . micrgﬁ;l} inch El-ag . Ve]s.g;nilty Pﬁ;:ar
0.0023 2.5 0.66 ’ 5.0 1.2 146  0.00496
0.0048 2.5 0.66 7.0 1.57 16 0.0069%
© 0.0075 « .5 0.92 10.0 2.25 146  0.00997
0.0L0k 4.0 1.05 15.0 3,37 . 1%  0,01490
6.0150 5.0 1.31 20.0 k.50 1&6 0.01990
0.0150 9.0 2.37 28.0 6.30 146 0.02790
0.0174 11.0 2.90 35.0 | 7.8 146 0.03480
0.0208 15._0' .42 . 43,0 . 9.66 146 0.04280
'0.0252 13.5 3.55 - 46.0 ©10.30 W6 0. 04560 .
0.0260  14.5 3.2 48.0 10.80 11;6. o.d+7éo

e e o R S YT T T e e




Table 2. Data for 0° Rake Angle Tool

6061 - T6 Aluminum

51

 Material:
Diameter: 2.78 inch
Depth: 0;.015 inch
Radius: 0.00069 inch
196 REM
Feed Strain F-T Strain F-C  Velocity Power
ipr. microinch/inch 1lbs microinch/inch " lbs. sfpm hp.
0.0023% 3.5 0.92 5.0 1.12 13 0.06&85
0,0048 4.5 1.18 9.0 - 2.02' 143 0.60875
0.0075 7.5 1.97 .0 Sz, 143 0.01360
0.010% 11.0 2.90 22,5 5.06 143 0.02190
10.0130 1.0 4.21 27.0 -6.06 3 0.02620
0.0150 17.0 L.hg 30.0 _6'.75' 143 0.02930
0.017% 18.{_} __ L7k 25,0 7.87 143 | 0.03410
0.0208 17.0 k4o %0.0 $9.00 143 0.03900
0.0232 16.0 L.21 45.0 110.10 143 0.04380
0.0260 - 4.3k 48.0 10.80 143 0.0k680




Materiﬁ.l:

Teble 3. Data for 20° Rake Angle Tool

C 1018 Steel

Diameter: 2.810 inch

52

 0.0260

1.58° 540  12.00

Depth: _ 0.010 inch

Radius: 0.00040 inch’

75 RPM

Feed'. | Strain . . F-T_ . Strain F-C. Velocity Power.
ipr.. microinch/inch ° 1bs microinch/inch 1lbs.  sfpm hp.
-o.oaaj 3.5 0.2 6.0 1.35 - 55.1  0.00226
0.0048 5.5 1.18 12.0 2.70  55.1 o.oohso
'0.0075 6.0 1.58 18.5 '4.16  55.1  0.0069%
0.010% 7.0 1.84 25.0 5.62 55.1  0.00939
0.0136 7.0 1.8k %0.0 _ 6.7k 55.1  ©.0l120
0.0150 7.5 1.97 | 35.0 . 7.87 - 55.1 0.01310
0.0174 8.0 - 2.10 Lo.o 9.00 55.1 0.01500
0.0208 7.5 1.97 47.0 10,50 55.1  0.01750
0.0232 7.0 | ;1.8h . k9.0 11.00  55.1  0.01830
6.0 55.1

0.,02000




Table 4. Data for 20° Rake Angle Tool

23

_ Material: Class 25 Cast Iron
Depth: 0.010 inch
Redius: = 0.00040 inch
75 RPM .
.. Feed Strain F-T Strain F-C
1‘ . ipr. microinch/1inch - 1bs. Ipicroinch/ inch 1bs
' it .
0.0023 1.5 | T 0.395 . 4.5 1.61'
0.0048 2.0 o 0.526 9.0 2,01
0.0075 2.5 0.658 ' 14.0 3,15
0.0L04 3.0 | 0.790 15.0 4.27
0.0130 3.0 , 0.790 22,5 5.06
0.0150 3.0 0.790 25.0 5.62
0.017h 3.0 0.790 30.0 6.74
0.0208 | 3.0 0.790 33.0 7.42
0.0232 3.0 0.790 3.0 7.65
0.0260 | 2.0 0.790 27.5 8.42 |




Material;

Diameter:

Depth:

"Radius:

T5 RPM

Table 5. Data for 20° Rake Angle Tool

6061 - T6 Aluminum
2,910 inch
0.010 inch

0.00040 inch

5h

Strain F-T Strain F-C. Velocity  Power

3.0

| 113?‘? microinch/inch  lbs. microinch/inch lbe.  sfpm hp.
10,0023 1.5 0.395 ks 1.01 9 0.00304
0.0048 2.0 0.526 9.0 2.01 149  0.00506
0.0075 2.5 0.658 %0 3.5 149 0.00709 |
0.0104 3.0 0.790 | 19.0 S Lh.27 _ 1#9 0.01020
0.0130 | 3.0 0.790 22.5 . 5.06 149 0.0‘1220
' 10,0150 2.0 0.790 | 25.0 5.62 149  0.01k20
 0.017% 3.0 | 0.'790 30.0 - 6.Th W9 0.01730
0.0208 3.0 0.790 33.0 7.42 49 0.01880
- 0.0232 3.0 0.790 34,0 - T.E5 149 0.02030
0.0260 | 0.790 27,5 8.2 1hg | 0.02340




 Table 6. Data for 20° Rake Angle Tool

55

Material: C 1018 Steel

Diameter: 2.760 inch

Depth: ° 0.0l0 inch

Radius 0.00220 inch

75 RFM

ipr. mlcroineh/inch Ibs. microinehjinch Ibg.  etea .

0.002% 10.0 2.63 15.0 5.37 54.0 0.00555
0.0048 11.0 2,90 2000 4,50 | 54.0  0.00737
0.0075 12.0 3.16 30.0 6.75  5%.0  0.01100
0.0104 14.0 3.69 35.0 7.8  54.0  0.01290
0.0130. 15.0 2,95 42.5 9.55  5%.0 0.01560
0.0150 16.0 h.21 50.0 .20 54.0  0.01840
0.0L7h 17.0 b8  60.0 13.50  54%.0 ©  0.02190
0.0208 18.0 b.7h - 6k.0 1%.40 54.0 0.02360
0.0232 19,0 5.00 70.0 '15.70 shk.o 0.02570
0.0260 20.0 . 5.6 . 75.0 . 16.80  54.0  0.02750




_Table 7. Data for 20° Rake Angle Tool
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Material: Clgss 25 Cast Iron

Dismeter: 2.845 inch |

Depth: 0.010 inch | |

Radius: 0.00075 inch

75 REM
E:zef mic’rggii?incn E}gg - _micr‘gmil;mch- {;g ve;g;ity Pﬁ;i’r
0.002% 6.0 1.58 12.0 2.70  55.8 o.ool+5.7
0.0048 7.5 1.97 17.5 3.93  55.8  0.00665
0.0075 8.5 2.2k 23.0 5.6  55.8  0.00874
0.010k 10.0 2.63 £9.0 6.52  55.8 = 0.01100
0.0130 10.0 2.63 34 .0 T.64 | £5.8 0.01300
0.0150 10.0 2.63 26.5 8.20 55.8 - 0.01390
0.01Th 10.0 2.63 38.5 8.66 - 55.8  0.01470
0.0208 10.0 - 2.63 40.0 9.00' 55.8 " 0.01530
0.0232 10.0 "2.63 -h;!..\o 9.65 55.8° 0.01630
0.0260 9.5 2.50 k.o 9.89  55.8

10.01670




Table 8. Data for 20° Rake Angle Tool

57

Material: 6061 - T Aluminum

Dismeter: 2.858 inch

Depth: 0.010 inch

Radius: 0.00075 inch

205 REM
Peed Strain F-T o - Btrain F-C Veloclty Power

ipr. = microinch/inch 1lbs. microinch/inch  1lbe. sfpm hp.

0.0023 3.0 0.79 5.0 1.2 153.9  0.00522
0.0048 3.5 0.92 _ 8.0 1.80 .'153.9 0.00840
0.0075 5,0 1.31 . 12.0 2,70 153.9  0.01260
0.0104 6.0 1.58 17.4 3.82  153.9 : 0.01780
0.0130 6.5 1.71 .20.0 L.50 153.9 0.02100
0.0150 7.0 1.84 : 23,0 5,17 153.9  0.02410
0.0L74 7.0 1.84 27.5 6.18  153.9 0.02880
0.0208 7.0 1.84% . 30.0 . 6.7% 153.9  0.03150
0.0232 7.5 1.97 35.0 7.8 - 153.9  0.0%670
0.0260 8.0 | 0.03930

2.10 37,5 8.42

153.9
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Table 9. Data for 20° Rake Angle Tool

Material: 6061l - T6 Aluminum

Diameter: 2.858 inch

58

Depth: 0.010 inch

Redius:  0.00075 inch

7> REM |

fgxe'd micrgtinrzkill/linch {;3 micrginrilir/lmch {;g : Veig;;;tx | .P?;«.ar

0. 0023 2.5 0.658 5.0 1.12 56.1 0.00150
0.0048 3.0 0.790 7.5 1.68 56.1 0.00285
0.0075 3,0 0.790 10.0 2.25, 56.1  0.00382
" 0.010% 3.0 0.790 12.0 2.70 56.1  0.00458
0;0150 3.0 0.790 4.0 3,15 56.1 0.00534
0.0150 2.5 0.921 15.0 3.37  56.1  0.00572
0.0L7k 4.0 1.05 18.0 N.ob 6.1 0.00686
0.0208 b0 1.05 23.0 5.16 56.1  0.00876
0.0232 6.0 1.58 2.5 7.30  56.1  0.01240
0.0860 8.0 2,10 %6.0 8.09  56.1  0.01380




" Table 10. Data for 20° Rake Angle Tool

59

Material: Clas'sl 25 Cast Iron
Diameter: 2.846 inch
Depth:- 0.610 :anh
Radius: 0.00220 inch -
75 RPM
el W o W =l o
0.0023 - 8.5 2.2h4 12}0 L 2.70 55.8 0.00457 -
0.0 48 10.0 2.64 17.5 '3.95  55.8  0.00865
“ 0;0075 | 11.0 2.89 22,5 5.06 55.8  0.00857
10.0L04 " 12.5 3.29 28.0 6.30  55.8  0.01070
0.0130 - 13.0 3,42 32,5 7.31  55.8 0.01240
0.0150 13.0 3,42 35,0 ?.86 55.8  0.01330 .
0.0174 13.0 342 37.5 8.45  55.8  0.01430
0.0208 '13.5 ! 3.56 4o,0 8.98  55.8 0.01520
0. 0852 13.5 3,56 42.5 9.5%  55.8  0.01620
0.0260 13,0 3,42 : 45.0 10.10 55.8 0.017io




Table 11. Data for 20° Rake Angle Tool

Material: 6061 - T6 Aluminum
Diameter: 2.762 inch

Depths 0.010 inch

Radius 0.00220 inch

60

SRR
i’:gé.l . micrgtj;zrjf}_mch fﬁg.. 'micrsigil:;?inch i‘ﬁg Ve;;;;ty P;;?r
0.0023 3.0 0.79 4.0 0.90 . 54%.1  0.00148
0.0048 3,0 0.79 6.0 1.35  5h4.1 0.00221
0.0075 3,5 0.92 10,0 2.25  s4,1 - 0;06569'
0.0104 6.0 1.58 15.¢ = %.38 sh.1 0.0055&
10,0130 é.o 1.8 1800 h.oh skl 0.00861
0.0150 7.0 C1.8% | 21.0 .. .71 55.1 ~ 0.00770
0.0174 7.0 | 1.8k 24.0 ' 5.39  5h.1  0.0088k
0.0208 8.0 2.10 3.5 7.31  54%.1  0.01190
0,0232 10.0 © 26h 35.0 | 7.87  5k.1 0;01290
0.0260 10,0 2;6h 38,0 - © 8.54  54.1 0.01400




_ Table 12. Data for +20° Rake Angle Tool

Material: C 1018 Steel

Diameter: 2.851 'inch

61

Depth: 0.010 inch
Radius: 0.00075 inch
5 REM

Féed Strain F-T . Strain | F-C ?elecity Powver
ipr. mic¢roinch/inch 1bs., micreinch/inch 1lbs. sfpm hp.
0.0023 3.5 0.922 11.5 2.59 '5'”6.0 o.ooli5_9‘
0. 0048 6.0 1.58 20.0 450 56.0  0.0076%
0.007_5 9.0 2.37 30.0 6.T4 56.0 0.01140
0.0104" 9.0 . 2,37 35.0 7.8 56.0  0.01330
0.0130 10.0 2.63 40.0 9.00 56.0‘7 0.01530
0.0150 11.5 3,03 ¥5.0 10,10 - 56.0  0.OL710
0.0174 12.6 3.16 54.0 12.10 © 56.0 0.02050
0.0208 13,0 3.42 6.0 W40 6.0 0.02bko
0.0232 4.0 3.68 .0 16.60  56.0  0.02820
0.0260 " 15.0 3.95 80.0 18,00 .56.0 . 0.03060
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Table 13, Data for 30° Rake Angle Tool

Material: C. 1018 Steel
‘Diameter: 2.938 inch

Depth: 0.0L0 inch

Radius: 0.00020 inch
91 RPM
i';i?. mic rsg‘z;l}mch f‘;g. micrsii:.nrzlill}inch | fgg . Véig;::ty PE\;?I‘ |
0.0023 | 1.5 . 0.395 . 5.0 112 70 . 0.00238
0.0048 2.5 0.658 S0 225 70 0.00477
0.0075 k.o 1.05 17.5 5f9h 76 0.0083%
0.0104 9.5 2.50 ' 23.5 5.28 70 0.01120
0.0130 7.5 1.97 31.0  6.97 70 0.01480
0.0150 7.5 i.97 M . T.76 70. 0.01650
- 0.0L74 ,5.0 .o l.E2 45.5 10.20 70 0.02160
0.0208 5.0 o 1.32 43.0 9.67 70 0.02050

0.0232 1.5 S 3% b8 110.90 70 0.02310




Table 1lh. Data for 30° Rake Angle Tool

Material: C 1018_Steel

Diameter: 2.851 inch
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Depth: ~  0.010 inch

Radius:  0.00037 inch

28 RPM
B el . sl B R
0.0023 2.5  0.658 10.0 2.25  20.9 0.00143
0.0048 5.0 079 - 20.0 4.50 20.9 0.00285
0.0075 4.0 . 1.05 - 28.0 ' 6.28 20,9 . 0.00598
0,010k %.0 | 1.05 35.0 7.8 20,9 0.00497

- 0.0130 5.0 1.31 k2.5 9.56  20.9 0.00606

0.0150 5.0 1.31 k5.0 . 1o0.10 20.'9 0.00640
0,017k 5.0 1.31 - 50.0 11.20 = 20.9 0.00709
0.0208 5.0 | 1031 60.0 13.50' 20,9  0.00856
0.0232 5.0 | 1.31 65.0 14.60 20'.9 ~ 0.00926
o.baéo 4.5 . 1.18 75.0 16.90 20,9 0.01070




Table 15. Data for 30° Rake Angle Tool

Mater;al:
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,+.0.

15.70

C 1018 Steel

Diameter: 2.810 inch

Depth: 0,010 inch |

Radius: 0.60057 inch -

75 RﬁM
{;:? micrgzzgi?inch igg. mibrizzz;?iﬂch. fgg. Vei;;;§Y- ?gg?r
0.0023 2.0 0.53 8.0 1.80  55.1  0.00300
0.0048 3.0 0.79 " 15.0 3,37 55,1  0,00572
0.0075 3.5 0.92 23,0 5.6 55.1 - 0.00862
0.010# 4.5 1.18 29.0 6.'52 55.1  0.01090
0.0130 4.5 1.18 37.5 8.43  55.1  0.01400
0.0150 4.0 1,05 39.0 8.7  55.1  0.01460
0.,0L74 4.5 1.18. 45.0 10,10 55.1  0.01690
0.0708 4.0 1.05 53.0 11.90  55.1  0.01990
b.oeze k.0 1.05 60.0 13'.50 55.1  0.02260
0.0260 1.05 70.0 55.1

0.02620




Table 16. Data for 30° Rake Angle Tool

Class 25 Cast Iron

65

0.0260

0.79 38.0 8.54

{ Material:
Diametér: 2.927 inch
Depth: =~ 0.010 inch
Radius:  0.00037 tneh
75 RPM
f;:f mic rg?.:zljll}inch | ;IE.;E . micrgti;a chiI/linch ?.l’;g . Ve;z;;;ty | Plt:;?r
0.0023 5.0 1.31 8.5 1.91  57.%  0.003%2
" 0.0048 5.0 | 1.31 - 13.0 2.92 57.4% 0.00508
0.0075 5.5 1.5 . 17.5 C3.0h 574 0.00686
0.610h | 5.5 1.4k5 . 22.0 4.94 57.% . 0.00861
0.0136 5.0 1.31 25.0 5.62°  57.4 0.00978
0,0150 4.5 1.18 ~  27.0 ' 6.06 57.% . 0.0L050
0.0L74 4.5 1.18 . 30.0 6.74 '-r57Qh 0.01170
0,0208 ¥,0 1.05 - 3.0 7.6hr 57.4 0.0133%0
0,0232 - 5.5 0.92 . 35.0 7.86 5T 0.01370
.0 57.4 0.01480




Redius:  0.00037 inch

Teble 17. Data for 30° Rake Angle Tool

Material: 6061 - T Aluminum |

DPepth: 0.0L0 inch

66

0.0260

22.5

75 RPM
Feed Strein. F-T Strein F-C
ipr.- microinch/inch- 1lbs. microinch/inch 1bs.
0.0023 1.0 0.264 3.0 T4
6.0'0!+8 1.0 0.264 5.0 1.12
0.0075 1.0 0.264 7.0 1.57
0.0L04 ‘1.0 | Q.26 10.0 2.25
0.0130 1.0. 0.264 13.0 2.92
0.0150 1.0 0.264 16.0  3.60
| 0.017h4 1.5 0.395 _18.0 4,0k
0.0208 1.5 0.305 . 25.0 5.62
0.0222 2.0 0.526 27.0 6.06
2.0 0.526 7.51




Table 18. Data for -10° Rake Angle Tool

Material: C 1018 Steel

.Diameter: 2.760 inch
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Depth: 0.619 inch
. Radius: 0,0008% inch

75 RPM
ipr.  microinch/inéh Ihe. microlmenfinch Ioe.  soem .  hpe
o.doe5 6.0 1.58 10.0 2,25  5k.2  0.00370
0.0048 -~ 12.0 3,16 20.0 6.7k 5&.2'. 0,01110
0.0075 15.0 3.95 25,0 7.86  s54.2  0.0.290
0.0104 - 17.0 h.48 L4o.o 9.00 54,2 0.01480

- 0.0130 20.0 5.26 50.0 11.10  54.2 o.oiaeo

0.0150 24.0 6.31 60.0 13.50  5h.2  0.02220
0.017h 4.0 6.31 66.0 14.80 54.2  0.02430
0.0208 27.0 7.lbh 78.0 17.50  5h.2 “o.ozaao '
0.02%2 28.0 T.37 - 88.0 19070 5h .2 0.0%230 -
0.0260 29.0 7.63 92.0 20.60  54.2 0-05580




Table 19. Data for -10° Rake Angle Tool

Material: Class 25 Cast Iron

Diameter: 2.846 inch
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Depth: ~ 0.010 inch

Radius? 0.00083 inch

75 RFM
{;fg mcrgﬁ-'i’}mch fﬁg. micrgﬁiil/linch {;g vei‘?;;ty' ?g?r |
0.0023 3.0 0.790 5.5 1.25 55.8  0.00208
0.0048" 5.5 1.18 " 10.0 2.25 55.8  -0.00381
0.0075' 6.0 1.58 15'..0 3,37 55.8  0.00572
0.0004 8.0 2.10 20.0 4.50 55.8 0.00763
0.0130. -~ 9.0 2.36 25.0 5.62 55.8 0.00352
0.0150 9.5 2.50 27.5 6.18 55.8 0.01050
0,017 1.0 . - 2.90 32.5 7.30  55.8  0.01240
0.0208 11.5 ' 3.03 | 35.0 7.8 - 55.8 0.01330
0.0232 12.0 3.16 3.5 842 55.8  0.01430
0.0260 12.5 3.29 %0.0 9.00 _55.8 0.01520




Material:

. Diameter:

" Depth:

Radius:

75 RBM

Table 20, Data for -10° Rake Angle Tool

6061 - 6 Aluminum

2.714% inch

0.0L0 inch .

0.00083 inch

69

Feed

Strain F.T Strain

Velocity Power

0.0260

38.0

4pr. ' microinch/inch 1bs. microinch/inch - ig ~ efpm kb
0.0023 3.0 L 0.790 3.5 L7186 53.2 "b'.bola_s |
0.0048 . 3.5 0.1921 6.0 1.35 ' 53.2 0.00218
0.0075 4.0 1.05 9.5 2.13 532 0.00%35
0.0104 - 4.0 1.05 2.0 3.16 . 53.2  0.00509 |
0.0150 6.0 - . 1.8 17.0 3.82  53.2 _' 0.00615
0.0150 '._7.0- 1.8 _20.0. l’;.so. 53,2  0.00725 -
.0.01;71+ | 9.0 | 2.37 - 26.0 5.84 53.2 0.30091;2
0.0208 11.0. 2.90 : 32.0 | 7.19 53.2 - 0'.01160

S oo.e32 110 2.90 33.0 741 53.2 10.01190

12.0 3.16 8..55 | 53,2

0.01380 -
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