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Abstract. The analysis of cutting forces in machining processes is very important for optimization of cutting
parameters, power, costs and the cutting tool geometry. However, because of the high geometrical complexity of
helical drills and the drilling process characteristics, analysis of cutting forces and their distribution along the cutting
edges and other geometrical elements, are very difficult. Considering that these problems are significantly reduced in
the turning process, and also the possibility to correlate data for cutting forces obtained in turning and drilling is
given, this study presents a method for the prediction of cutting forces in drilling using results obtained in turning
operations. The results for cutting forces in the turning of circular segments, with application of correction factors for
variations in the tool geometry, are compared to results obtained during the full drilling of low carbon steels. Aspects
of the influence of the cutting tool geometry and cutting parameters on the cutting and thrust forces are also discussed.
With the drill model it is possible to indentify the regions with higher mechanical stresses and then geometrical
changes on the drill point can be proposed.
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1. INTRODUCTION

Drilling, along with turning, is one of the processmost used in the metal industry, and was onieffirst
machining operations to be carried out historicallpnsidering machining processes as a wholejndyitbccupies a
prominent place, both due to its widespread usalsasthe difficulties it presents. Since drillirgdommonly used in
the last stages of manufacturing, problems assmtiaith it make the production process expensive uwastage
(Boeiraet al., 2009a; Castillo, 2005; Strenkowskial., 2004).

In drilling the most used tools are twist drillsaimly due to their universal application. Becausks ia complex
cutting process with many difficulties involved gaining an understanding of the geometrical andintutspeed
variations along the cutting edge, generation gpslnside a closed volume, and other charactesistirilling with
twist drills is still considered relatively littlenderstood (Boeiret al., 2009a; Hsieh and Lin, 2002; Bork, 1995).

One of the many options to improve the efficienéydolling is to change the tool geometry. Many i@éions in
this type of tool geometry have been proposed deoto reduce machining forces, to increase téml o decrease the
machining time and to improve the hole quality, agmothers. However, while the characteristics deotmachining
processes are relatively easy to analyze in rea, timonitoring the phenomena occurring during idgllis very
complex. The reason for this is that viewing thgiae where the chips are produced is almost imptessihe plastic
deformations produced by the end cutting edge éncinter of the hole is significant and the cuttpged over the
cutting lip shows large variations, being highesthe periphery and zero in the center of the .déilso, difficulties
arise in measuring the machining force componeainse only the axial force and torque can be meastirough the
axis of the tool (Boeirat al., 2009a; Boeirat al., 2009b; Castillo, 2005; Kénig, 2002; Bork, 1995).

To improve our knowledge of the machining techng|dhe use of computational tools that allow thieabde and
accurate simulation of the process is becomingegingly common, and thus replaces empirical dsed on the shop
floor with scientifically proven data. Specificallp the case of drilling, it is important to knowwet behavior of the
forces in drilling with a twist drill, for differentool geometries, substrate materials, coatingd ather tool
characteristics (Boeirat al., 2009a).

In the optimization of drilling, the techniques mibdeling and simulation are important, since thsra complex
relationship between the input variables and tlsalte, making it difficult to evaluate certain pess phenomena. To
relate the influence of these experimental varglany tests would be needed, given the variaiiortise multiple
cutting parameters (Boeighal., 2009a).

Information on the magnitude and direction of ferckiring machining is the basis for determining paeameter
conditions, and also for evaluating the precisibra anachine tool under certain work conditions ¢defation of the
piece and machine), to determine what occurs inégens of chips formation and to explain the natsms of tool
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wear. Thus, the modeling and simulation of maclgrforces provides a simplified alternative, allogithe collection
of data with a high degree of approximation, fa gnediction of cutting forces (Kim and Ahn, 208&inig, 2002).

In this paper a model for drilling forces, develdg®y Boeiraet al. (2009a), is applied and validated, which allows
the use of the coefficients of the Kienzle equatiabtained through turning tests, a process wheredifficulties
encountered in obtaining data are significantlydow

With this model drilling forces for different toglkeometries can be simulated, since the relatiotvedam forces at
the drill cutting edge and their geometrical quiéegiare parameterized. The model validation ifopered with the use
of drills with three different diameters - 7, 10dah3 mm - and drills with two types of relief oretichisel edge -
Standard and Type A.

2.DRILLING FORCE M ODEL

The drilling model here proposed simulates theimgitforce and thrust force based on the specificfmf the
turning process determined with the Kienzle mo@el. applying the Kienzle model to drilling, the pess is divided
into three different regions of the drill pointgtbutting lip, chisel edge and end cutting edge.

For the cutting lip, drilling and turning of segntein the form of cylindrical shells are carried as proposed by
Boeiraet al. (2009a). For the turning, the values of the speédicek.,; and Kienzle coefficientltm,) are determined
from tests carried out on only one of the segmé@msally that with the largest diameter). Thesai@alare taken as a
reference for other segments covering the cutingHor the drilling, due to the variations in theometry and cutting
force as a function of the radius, tests are peréoron each segment with the respective cuttingdspe

On the chisel edge, this being the region wherartagerial cutting occurs with extremely negativkerangles and
the cutting force tends to zero in the center df, dnderstanding the phenomena occurring durirgggrocess becomes
more complex. According to Risse (2006) and Wift®880), among others, the contribution of the chézige to the
total cutting force in drilling is small, but fohé thrust force its contribution may be greaters kestimated that these
values are between 65 to 75% of the total thrustefin drilling, while the cutting lip is responibfor 17 to 25% and
the other parts of the drill for less than 10%Juding the end cutting edge.

Due to the small contribution of the end cuttinggedo the components of cutting force and thrustepit is
modeled by a factor that corresponds to the pesgendf total force and can be experimentally defiffdnis correction
factor includes the force necessary to remove hiiye through the drill channels, the friction of thegll guides on the
wall of the hole and the elastic deformation of tiedée, among other factors.

2.1. Force Simulation in Drilling

The simulation of cutting force and thrust forceoigtained from the sum of different constituenttparf the twist
drill. For the cutting lip (GP) the cutting and ulst forces are simulated using the integral appbetie Kienzle model,
with values of specific cutting and thrust forceuated from data obtained in turning. For the ehexdge (GT) the
Kienzle equation has direct application, while tizet relating to the end cutting edge (GS) is atdiusing a factor of
adjustment associated with the sum of the compsrantutting lip and chisel edge forces, accordm@q. (1) in the
case of the cutting direction. To determine thd pathe force at the end cutting edge accordinthéofeed direction,
the same procedure is used.

Fies = (FcGT + FCGP) mc,GS 1)

In the feed direction, because all components kgae with the drill axis, the sum of all compot®is obtained
directly, as shown in Eq. (2).

Fiee = Fep * Fror + Fres

)

The cutting force~c, is determined from the sum of the different moteegenerated by each component as a
function of its point of application (Eq. (3)), thia, using the lever armiggp for the cutting lipr et for the chisel edge,
I'aes for the end cutting edge amgc for full drilling. Thus, the cutting force can flalculated through Eq. (4). The
values ofr ,gs, ragp andr et are obtained as proposed by Wegeamet. (2008) and Boeirat al. (2009a).

I\/IZFCZI\/IZGP-+_I\/IZGT-I-I\/IZGS (3)

F = rAGP E':cGP + rAGT EI:cGT + rAGS EFcGS
cFC

rAFC (4)



Proceedings of COBEM 2009 20th International Congress of Mechanical Engineering
Copyright © 2009 by ABCM November 15-20, 2009, Gramado, RS, Brazil

Through turning tests producing cylindrical shele specific cuttind.;; and thrustk, ; forces, respectively, are
determined, and also the coefficientsnf) and (-m) of the Kienzle equation (Boeiet al., 2009a). For both forces,
cutting and thrust force, a model is developed Whising adjustment factors related to geometfferdinces between
the processes of turning and drilling, allows tladcalation of forces predicted for a specific augticondition in the
drilling process.

2.2. Modéling of forceson the cutting lip

For the cutting lip, the applicability of the Kidazequation for turning to drilling is assessedrirthe application
of adjustment factors that take into account tHietinces between the cutting tool geometries eftito processes.
Depending of the drill geometry region (cutting éipchisel edge), this corrects the specific cgtforcek,; ; and thrust
ki1 1 according to variations in the normal rake angknd back rake angle.

The adjustment of thg andis angles to give the specific cutting force of thidlidg from the turning data is shown
in Fig. 1. The equation of the line obtained foe tirilling (orange line) is then used to calcultite forces along the
cutting lip of the drill.

2000 ~ + T_Experimental
. .
1750 - I e = F_Experimental
\,i'-: : » Ker1ep(y) [%/°]
= 1500 ’: F‘ e i """"" = keragp(n) [%/°]
E 250 | Memme =181 I—p o o Linear (T_Exp.)
> P e U T 2 Linear (F_Exp.)
= 1000 Jkereel) =271 + 1748 ! ° — Linear (ket.1ap(7) [%/°])
3 750 = — e Linear (ke 1ap(®) [%/°])
500 - Ket1cp(y) £-27Dr H?_%ZQ) |
K » : Cutting Parameters
250 1% & : ;
k. = ! Material: Ck45
0 —" T 1 Lubrication: dry
0 3 ) 4 S Diilling (FY;
Radius [nm] [fint=3.41 mm  ©=10mm

V= 120 m/min
f=0.1;0.15;0.2and 0.25 mm
ds D5 = d,=5 mm; d=3 mm Segments: D5, D6, D7, D8 and D9

D6 = d.=6 mm; d=4 mm

D7 = d.=7 mm; d=5 mm Turning (T): )
_,I L D8= d.=8mm;d=6mm Ve = 108 m/min
':"‘ D9 — de=g mm;d‘=7 mm f=0.05;0.1;0.15and 0.2 mm

L=10mm Segments: D9

Figure 1. Determination of specific cutting foreedrilling (F) from turning (T) data

Based on the variation of the normal rake angl@s shown in Fig. 2, there is a rotation of the sigjd line that
includes the values of specific cutting force f@ming, making it parallel to the adjusted line the points relating to
drilling, according to the drill radius. After thistation, the translation is made, using the vaiuthe back rake angle
A5 making the adjusted line of the turning coincidétwihe adjusted line of the drilling. To make thisft, the value of
the back rake anglg at the point of intersectian,,, which corresponds to the radius where the anglasdishave the
same value, was determined.

Equation (5) shows the parameterized mathematicadeinthat allows, through the application of adjggt
coefficientsC.gp(y for the angley, andC.gp(y for the anglels, the obtainment of the specific cutting force dflidg
ke11gp from that of turning<. 1tep@s a function of the drill radius

C A [C
r)= 1+ _ r cGP(y) 4| Zrint cGP(2) — i +B 5
kcl.lGP( ) Keg 1100 {(ynT 7al ))G 100 100 A c (5)
where:

ka1ep(r) - Specific cutting force adjusted according todhiding radius;
kaitep - Specificcutting force from tests of orthogonal turning;

VnT - Normal rake angle used in the orthogonal turning

(1) - Normal rake angle determined as a function iff rddius;
Ccory - Adjusting factor of the rake angle for the spieafiutting force;
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it - Back rake angle for the point of intersectioryqf) andAs;
Ceerpy - Adjusting factor of the lateral lead angle foe $pecific cutting force.

= y,-Experimental
—— Linear (y,)
— = As- Experimental
o —Linear (4;)
2) ———Tint
<

Drill radius [mm]

Figure 2. Variation in angles for twist drills witht relief on chisel edge

The specific thrust force in drillink, 1cp is also adjusted by Eq. (5) using the adjustingfmients C;gp(, for the
angley, andC;gp(y for the anglel, as well the Kienzle exponentsifige), and for cut direction andA{mgp) for thrust
direction using, respectively, the correction cméghts Cyccp) and Crccrr ) in the cut direction, an@;gpy and
Cricrr) in the thrust direction.

Because the specific force is a function of thd dadius and changes continuously, the calculatibthe cutting
and thrust forces is performed using the integnatad the Kienzle equation along the cutting lip, stsown
schematically in Fig. 3. With the variation in tlspecific cutting forcek. 1gp(r) with drill radius and using an

infinitesimal cutting depth of the cutting ligb, the Kienzle equation for the cutting force in kil F.gp(r), as a
function of radius, can be applied.

ra

FCBHS = J‘IkC‘L]BHS(r)' dab - h(lfmcDHs \r)

T

Figure 3. Integration of forces in cutting lip aiflt
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db - Infinitesimal cutting depth;
dr - Infinitesimal cutting depth adjusted in the rddiaection;
K; - Side cutting edge angle;
Feep - Cutting force related to cutting lip;
rer - Radius of chisel edge.

2.3. Modeling of forceson the chisel edge

The Kienzle model is also used to estimate theefoin the region of the chisel edge, where it siased that the
material must be effectively machined and that dbination occurs, even with a rake angle of thdeoof -50°, as
reported by Koch (1996) and Fang (2005). This ags$imm is based on the observations reported by kogR004),
Ohbuchiet al. (2003) and Dolin3ek (2003), among others. Thus ptleeedure adopted in this proposal to obtain the
specific cutting and thrust forces in the regiorcbisel edge is similar to that used for the cgtfip. However, since
not more than one segment can be machined indgierr, the values obtained for the specific cutdnd thrust force,
respectively, as well as that obtained for the egnts {-mr) and (-mgy), for turning and drilling, were directly
correlated using only the correction of rake angleising Eq. (7) which adjusts the specific cuttingcéin drilling
ki1t @s a function of the specific cutting force iming ke 11et-

CC
Kev1o1 (I’) =Kevaror I:El + ((ynT “7n (I’)) G%(;y)j} ©)

The same procedure is applied to the specific tHansek;; 1t and the cut exponents of Kienzlerfier) and thrust
(1-mygr).

3. EXPERIMENTAL PROCEDURE

The development of the force model for drillingbissed on Ck45 steel as the cutting material an@ad&rd twist
drill with a diameter of 10 mm as the tool, bottdely applied in industry. The validation of the nebdh a first step, is
carried out with the variation of the drill diametand then with the implementation of relief on tiésel edge.

3.1. Materiais

The turning and drilling tests were performed oacps of Ck45 steel obtained from wire rods witheaternal
diameter of 15 mm. Table 1 shows the main chariatit of this material.

Table 1. Mechanical properties and chemical contiposof Ck45 steel

Composition (% mass)
C Si Mn P S

Ck45 0.42—-| max. | g50—| mMax. | max.
DIN1.1191 | 0550 | 0.40 | 080 | 0.035 | 0.035

3.2. Cutting tools

The drilling tests were carried out with carbidastwdrills with three different diameters, one typlerelief on the
chisel edge and one type of coating.

The diameters for the drilling tests were chosemsdo facilitate the modeling process and to bettiapt to the
testing procedures, besides enabling comparisdm regtults published in the literature. In this eomt diameters of 7,
10 and 13 mm were chosen, the Standard drill (witlelief on the chisel edge) of 10 mm diametengaised as a
reference for the preparation of the drilling modéie 7 and 13 mm diameters were used to validk&tentodel taking
into account the effect of scale, especially ofd¢hisel edge, which may lead to different resultsrdy machining.

Regarding the type of relief on the chisel edge,dtills were grouped as follows:

Standard — drill without relief on the chisel ed§&. 5);
Type A — drill with type A relief on the chisel egl@Fig. 4).
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The twist drills used in the drilling tests wereated with TiAIN, recommended by the tool manufaetuUsphinx,
and they are special manufactured for the expetisngith a point angle of 118° and a helix angl&0f.

The turning tests were carried out with rhombich@e inserts type CNMM120408 from Sandvik with Stard
geometry, without chip breaker, coated with TiN awith a rake angle of 6°, constant along the ergitge. The tool
holder used resulted in a back rake angledf 93° and in a null rake angle (0°).

Figure 4. Type A relief sharpening of the chisejed

3.3. Experimental set-up

The turning and drilling tests were performed ddchaublin CNC machining center for turning and imgj] model
421, equipped with a test bench for turning andidg, with a maximal power from 48 kW and a maximatation
from 6000 rpm (Figure 5). Both benches were equippith Kistler force dynamometers, type 9121A5tiomning and
type 9271A for drilling.

g tool holder with

e Minimal Quantities of
4 Lubricant(MQL)and
high pressure system

" ] A

k‘ ; / I : b= L/
Minimal Quantities of | e s O
Lubricant(MQL) and

high pressure system
for drilling operations

é

Dynamometer—
Turning

Dynamometer —
Drilling

Figure 5. Test Bench for turning and drilling

3.4. Cutting parameters

The cutting parameters for the drilling were defifmsed on the conditions used in industry, andtittng speed,
for a coated carbide drill with TiAIN, was set &0lm/min.

As mentioned above, the segment with the largeshelier obtainable with the cutting lip (in this eaggment D9,
shown in Figure 7) is used, which is taken as esfee for the turning tests, with the cutting spd&ebkides the piece
shown in Fig. 1, pieces for full drilling (FC) amdth a hole of 3 mm diameter (GP) were also usediesponding to
the diameter of a drill web, for modeling the chisgge. Table 2 shows the cutting parameters us#tki modeling of
the drilling process and the validation tests.

4. RESULTSAND DISCUSSIONS

Figure 6 shows the simulation of the cutting andighforces corresponding to the cutting lip (Gi)d the sum of
cutting edge (GP), chisel edge (GT) and end cuttithge (GS), which correspond to full drilling (Ffoy Ck45 steel.
The values of the simulated cutting forces haverd#idence interval (Cl) of 95%. The simulated audtiforce for the
chisel edge (GT) is around 54% of the total forcéull drilling. It can be verified that the simidal thrust force for the
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cutting lip reaches values of around 18% of thaltetlue in full drilling. These values are simitarthose reported by
Risse (2006) and Witte (1980), thereby validatihg extended Kienzle model. Differences between uredsand
simulated values for the cutting force on the agttip can be attributed to the method of segmantaised to create
the model, in which the chips have degrees of dedition and different temperatures experiencedlirdfilling. These
differences between measured and simulated vaheehigher in the feed direction, since the thrustés are more
influenced by the phenomena occurring on the chadgle. According to DolinSek (2003), on the chisdge large
deformations occur and the formation of a buildedge (BUE) is often observed, which brings addalatisturbances
to the process.

Table 2. Cutting parameters of drilling and turniagts

Parameter Turning Drilling
Segments of cutting lip GP D9 D5, D6, D7, D8, D9,
Segments of chisel edge GT D9 GP, FC
Cutting speed for GP [m/min] 108 (Segment D9) 120
Cutting speed for GT [m/min] 24 (Segment D9) 36
Feed rate [mm] 0.05; 0.1; 0.15 and 0.2 0.1; 0.15; 0.2 and 0.25
5000
Mg = 82% M .. = [FC_Experimental
4000 - — FC_Model
i B — — FC_Model (97.5% IC)
— — FC_Model (2.5% IC)
3000 | Fop=54% F s  GP_Experimental
= — — GP_Model
L 2000 -
FC = Full Cutting
1000 - GP = Cutting Lip
0 T T T T T
0 005 01 015 02 025 03
4000
Cutting Parameters
3000 - Material: Ck45
Lubrication: dry
Drilling depth: 10 mm
= 2000 - Drill type: Standard
= ©=10mm
v, = 120 m/min
1000 - f=0.1;015,0.2and 0.25 mm
n s __ "
L S
0 T T T T T

0 005 01 015 02 025 03

f [mm]
Figure 6. Cutting and thrust force for drilling @k steel with 10 mm Standard carbide drill

Figure 7 shows the results of the use of the dglfiorce model for different drill diameters, witte cutting forces
and thrust forces for drills with 7, 10 and 13 miandeters. Analysis of these results shows thattittng forces for
the drill diameters of 13 and 7 mm have great sintil with that simulated. These differences caairape attributed to
the phenomena mentioned above for the drilling with0 mm diameter drill. In the feed direction, ttensiderable
influence of the chisel edge on the forces is awidéhe smaller the size of the chisel edge, tleatgr the similarity
between the values of the forces obtained expetaiigrmnd by simulation.

Figure 8 shows the effect of the chisel edge raliethe cutting and thrust forces. A comparisomi&le between
the results of the tests with a Standard drill @frim in diameter without chisel edge relief (Fiy.a&d a drill with
Type A relief (Fig. 4). For the cutting force thiéeet of chisel edge relief is practically nonegist, since the influence
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of this drill region on the torsion moment is vamall. In the case of feed direction, it can befiesr that the reduction
of the chisel edge due to the relief brings a @il reduction in the forces.

6000
= 10 mm_Experimental
5000 + —— 10 mm_Model
—— 10 mm_Model (97.5% IC)
4000 - —— 10 mm_Model (2.5% IC)
= 13 mm_Experimental
= 3000 - — 13 mm_Model
o —— 13 mm_Model (97 5% IC)
2000 ~ —— 13 mm_Model (2.5% IC)
= 7 mm_Experimental
1000 + —— 7 mm_Model
—— 7 mm_Model (97.5% IC)
0 ‘ ‘ ‘ ‘ ‘ —— 7 mm_Model (2.5% IC)

0 005 01 015 02 025 03

5000
Cutting Parameters
4000 Material: Ck45
Lubrication; dry
3000 + Drill type: Standard
=z Drilling depth: 10 mm
- 2000 - ©=7,10and 13 mm
v, = 120 m/min
1000 - f=0.1;0.15; 0.2 and 0.25 mm
0 T T T T T

0 005 01 015 02 025 03
f [mm]

Figure 7. Cutting and thrust forces for drilling4Zksteel with Standard carbide drill and differdi@meters

5000
= Standard_Experimental
| —— Standard_Model
4000 — — Standard_Model (97.5% IC)
—— Standard_Model (2.5% IC)
_ 3000 - s Typ A_Experimental
Z —— Typ A_Model
p’ 2000 A —— Typ A_Model (97.5% IC)
—— Typ A_Model (2.5% IC)
1000 -+
0 T T T T T
0 005 01 015 02 025 03
4000
Cutting Parameters
3000 + Material: Ck45
Lubrication: dry
Drill type: Standard and Typ A
= 2000 - Drilling depth: 10 mm
w © =10 mm
v, = 120 m/min
1000 + f=01;0.15 0.2 and 0.25 mm
0

0 005 01 015 02 025 03

f [mm]

Figure 8. Cutting and thrust forces for drilling4Zksteel with and without relief in GT using casidill
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The distribution of forces on the drill edge, basedthe model developed and presented in this p&pshown in
Figs. 9 and 10. Here, it is possible to verify ttia thrust force is mainly influenced by the chisége component.
Thus, one way to reduce this component is througget edge relief. This finding, previously obseatuey analyzing
the results of Fig. 8, is shown in detail for tloeck distribution over the chisel edge and in Ei@,. specifically for a

drill of 20 mm in diameter and chisel edge reliefype A.

Cutting Force Fere E &

Thrust Force { Cutting Parameters
FfGS

Material: Ck45

120 120 Lubrication: dry
® 100 100 Drill type: Standard
% ZE & Drilling depth: 10 mm
T . o 0 =10 mm
& 2 » V. =120 m/min
ol 0 f=0.1 mm
20 Ar=0.2 mm

FfFC

Figure 9. Forces along the cutting lip and chiskgjee- Standard drill

Cutting Force

Material: Ck45
Lubrication: dry

Drill type: Typ A
Drilling depth: 10 mm
0=10mm

V. = 120 m/min
f=0.1mm

Ar=0.2 mm

1
Thrust Force : / Cutting Parameters
i

Drill axis

Figure 10. Forces along the cutting lip and chéslge —Type A drill

5. CONCLUSIONS

The Kienzle model extended to the drilling procedsich takes into account the geometric variatiohthe drill in
terms of normal rake anglg, and the back rake anglg showed results for the simulated forces simitathtose
obtained experimentally. In the region of the agtlip the model developed for the simulation aftés showed good
results, the values of the cutting and thrust fetoeing similar to those obtained in the literafiorehe drilling process.
However, for the chisel edge region, it is stilcassary to improve the model in order to obtainlemdifferences
between the results for the measured and simultdembs. Also, a better understanding of the chipmftion
mechanisms in this region is needed.

The reduction of the chisel edge effect on the ghforce component was evident when drilling witffedent
diameters, where a reduction in the drill diameted the consequent reduction of the chisel edgwlthie values for



Proceedings of COBEM 2009 20th International Congress of Mechanical Engineering
Copyright © 2009 by ABCM November 15-20, 2009, Gramado, RS, Brazil

the simulated forces closer to the measured valllgs.effect is also observed in the applicatiomadief on the chisel
edge.

Using a drill with type A relief on the chisel edgee geometric change imposed on the chisel eglggsito a
reduction in this region of extremely negative getmy resulting in less force in the feed direction

The model of drilling forces described in this pagkows, through the segmentation carried out glitve main and
chisel edge, the identification of regions with lhég mechanical stresses during the drilling. Wil tnformation, it is
possible to propose geometric changes to the twblchanges in the tip of the drill to minimize tadsrces, besides
enabling the evaluation of the effect of the amilan of other materials to the cutting tool anévrematings. Another
advantage is that the model allows the use of tiedficients of the Kienzle equation, taken diredtigm books and
tables.
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