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ABSTRACT

Friction plays a very important role in machinirigmium
and nickel alloys. It is the source for the highcaint of heat
generation, and as a result, the excessive toof \aeng
machining these materials. The worn tool is kndwrcreate
lower surface qualities with tensile surface realditresses and
machine-induced hardening at the surface, as wselhigh
surface roughness. It is essential to create ahadeto
determine how and to what extent the friction ifithup on the
tool. This study facilitates a determination metblogy to
estimate the friction coefficients between the taontl the chip
on the rake face, as well as the tool and the weckpon the
flank face of the tool. The results are validatedth
experimental results from the titanium alloy Ti-64V and the
nickel alloy IN-100.

1. INTRODUCTION

Machining difficult-to-process materials such asamium
and Nickel-based alloys has been a major hurdle
manufacturing industry in terms of productivity foa
significant amount of time, and there are a numdfeissues
that are yet to be understood. The effect of ifiictis an
important issue and as it is the case with mangrotiaterials,
there is a lack of complete understanding in hdetiém plays
role in machining Titanium and Nickel-based alloyst alone
3D machining processes, the work on friction in @thogonal
machining processes still lacks entirety. It i®kn that with
increasing friction, heat buildup and tool wear reases
especially in case of Titanium and Nickel basedyalldue to
their low thermal conductivity and chemical affinitvith tool
materials at elevated temperatures. Consequendye tlare
surface integrity problems at the end product thidit reduce
product effectiveness, quality and reliability.

for

NOMENCLATURE
coefficients of the non-linear relationships

depth of cut

chip-tool contact length along the tool rake face
plastic contact length along the tool rake face
contact length along the flank face

total cutting force

total feed force

cutting force for the "3 zone — ploughing component
feed force for the'3zone - ploughing component
normal force component at Region i

tangential force component at Region i

cutting force due to normal stresses at Region i

cutting force due to tangential stresses at Reigion
feed force due to normal stresses at Region i
feed force due to tangential stresses at Region i

exponential coefficient for Region 11l
exponential coefficient for Region |

cutting edge radius

uncut chip thickness

tool flank wear length

cutting speed

distance along the rake face from edge face
distance along the flank face from edge face
angle measured from horizontal direction for Radio
starting angle for Region I

final angle for Region I
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Y1 rake angle

Y2 clearance angle

Ys stagnation point angle

0 tool flank wear angle

u mean friction coefficient

Hap apparent friction coefficient

Us| sliding friction coefficient

g friction coefficient along the rake face

W friction coefficient along the flank face

On, normal stress at the rake face

Ony maximum normal stress at the rake face

On, normal stress at the flank face

Ons maximum normal stress at the flank face

G, normal stress at the cut-off point in Region Il

T shear stress at the rake face

Tey,.,  Max. frictional shear stress along the tool racef
Te, . Max. frictional shear stress along the tool fléade
i, shear stress at the cut-off point in Region I

3. REVIEW OF FRICTION DETERMINATION
METHODS

3.1 Pin-on-the-disc method

Rotating disc contacts a stationary pin tribomeéfae ratio
of the forces gives friction coefficient, which dapmls on
temperature and pressure that cannot be achievathéB et al.
2008). Pin can follow cutting tool so that temperas are
maintained (Olsson et al. 1989, Hedenqvist&Olsséa1)}, or
the pin can be coated the same way as the cuttiobtb
maintain both temperature and pressure (Bonnét 2088).
3.2 Gradient friction coefficient method

Graph of feed versus cutting force was found toehav
linear trend at relatively higher feed rates, whétlows that eq.
(1) could be utlized to determine the friction &aéent
(Arrazola&Meslin 2002, Arrazola et al. 2008).

p=tg (tg‘1 (%) + V1) Eq. (1)

3. Mean friction coefficient method

Since the friction coefficient is quasi-steady @othe
friction surface, a mean value of the ratio of nueed frictional
force to cutting force could be used (Zorev 1963).(2). This
mean friction coefficient could be considered canst or
dependant on mean temperature (Moufki et al. 1998).
Ploughing forces could be used to reformulate teamfriction
coefficient (Eqg. 3), or a similar method of refodation could
be done by subtracting the edge forces (AlbrecBo1Sutter &
Molinari 2005).

Ft
Fe

u= Eq. (2)

_ F—Fy

h= e h, Eq. (3)
Another approach was to divide the friction coéditt into

two components as apparent,f and sliding (i) friction
coefficients (Ozlii et al. 2009, Molinari et al. 201Apparent
friction coefficient is the ratio of total frictiorand normal
forces on the entire rake face, where sliding ifsicicoefficient
is the ratio of the friction and normal forces agtion the
sliding region along the rake face. Despite beirayerdetailed
than a single mean friction coefficient method edeiination of
the two friction coefficients is not applicable tee unstable
nature of early stages of titanium and nickel basddy
machining.

4. DETERMINATION OF FRICTION FOR ROUND
EDGE CUTTING TOOL

The tool-workpiece/chip interface during machingan be
divided into three regions (Fig. 1), consideringttthe tool has
a round edge, and is not worn. In Region 1, stic# alide
conditions of friction are assumed where tool arutkpiece
have contact. In Region 2, only sliding frictioncacs, and the
forces change direction along the region. Flankamis not
considered to change the geometry of the toolwhén there
is no flank wear (fresh tool), the contact of teath the chip
and workpiece ends after Region 2. When thererisiderable
flank wear, the contact between the tool and thkpiece will
further go after Region 2, so a new contact of Bed is also
introduced. In this region, only sliding frictia;m assumed.

Region 2: Edge Face

3 Flank Face

Reg\o
Figure 1: lllustration of stresses on the three region®of

To start the procedure, the unknown parametersi, |,
On, o onsmax) are searched to calculate the tangential and

normal force components. The forces that are fainough
this procedure are compared to the forces measbyethe
orthogonal cutting tests using same process paeametThe
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searched parameters that make the difference betwee

calculated and measured forces the smallest agetsdlas the

correct parameters.

In the first region, normal stress is assumed #ot st a
maximum level, and decay until it reaches zerohaténd of
tool-chip contact (Fig.2) (see Eq. 4). When thiess is
integrated through the whole contact region aldmgrake face,
the normal force in Region 1 can be found (Eq. Since stick
and slide conditions are assumed in this regioastiel and
plastic shear stress values are calculated sepyatgte 6), and
the total tangential force in Region 1 can be fouoy
integrating these frictional shear stresses aldmg dontact

(Fig.3).

n
Ony = Ony, (1 - %) Eq. (4)
lc
Fnl = anlmax n+1 Eq (5)
Tfl , 0<x< lp
Ti(x) = max Eq. (6
1() {M101(x), x> g. (6)
O nax
v
x=10 x=1,

Figure 2: Normal stress along the rake face (Region 1)

Timax

\ 4 A 4

x=0 x=1, x=1
Figure 3: Shear stress along the rake face (Region 1)

In Region 2, normal and tangential stresses angnas to
change linearly throughout the angular profile (Fg6), and
the normal and tangential forces are found by nating the
same way. The forces in Region 3 are calculatea smilar
fashion to Region 1, except that there will be rizkig
condition assumption here, and they will equalémavhen no
contact is assumed (fresh tool).

Figure 4: Edge face and angles (Region 2)

"1,max

\

G
I "3,max

Olp=—Y, o= T2+,

Figure 5: Normal stresses on the edge face (Region 2)
Tfl,pl

T
ﬁ\m f3,max

— 3

o= T0/24>

o=,
Figure 6: Shear stresses on the edge face (Region 2)

After all the forces are calculated, the cuttingl dinction
forces are found by summing them up, and then éxpetal
data is used to find the correct parameters. kédTalloy, test
data of Wyen&Wegener (2010) is used, while for 108 test
data of the authors is used. Non-linear relatippsbetween
the two friction coefficientsy( & p,) and process parameters
(V¢ t, & rp) are constructed (Eq. 7), and using the experiatent
data, the coefficients of these relationships aumd (see Table
1&2).

Ui = aiVC + bitu + Cirﬁ + dLVCtu + E (7)
el'VCT'bu +thu7”p’ + giVCturﬁ + hi' i = 1,2 q-
It was found that for both materials, cutting edgeius
was the parameter that affected the friction coieffits the
most. The formula found using these coefficientsild be
utilized to predict friction coefficients during cigining Ti-64
alloy in the ranges of ¥10-110 m/min, $=0.06-0.2 mm,
rg=10-50 um, and IN-100 alloy in the ranges ofAl2-24
m/min, {=0.05-0.1 mm, g=10-25pum.
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Table 1: Coefficients of the non-linear relationships fake
and flank face friction coefficients for Ti-6Al-4V

a b c d e f g h
u | -0.08]-0.12| 0.5 | 0.01] 0.02 -0.080.01| 0.66
up | 0.04| 0.12| -0.17-0.03|-0.03| 0.08| -0.02/ 1
Table 2: Coefficients of the non-linear relationships fake

and flank face friction coefficients for IN-100

a b c d e f g h
u | -0.06]-0.13| 0.58 | -0.04 -0.01| -0.06| 0.01| 0.72
w2 | 0.05] 0.15| -0.24-0.13| 0.05| 0.04| 0.06 0.98

5. DETERMINATION OF FRICTION FOR ROUND
EDGE CUTTING TOOL IN PRESENCE OF
TOOL FLANK WEAR
The machining process can also be modeled by censgd
a geometrical change in the tool due to tool weahis is
accurate for most machining processes, and espeda
difficult-to-cut materials such as hardened sté&nium and
nickel alloys, because the tool wears very rapidlyring
machining. When the tool wears, it is believed thés worn
parallel to the cutting speed direction, and ortra to the
feed direction. This creates another contact regiothe flank
face after the tool becomes worn, which divides the
tool/workpiece contact into three basic regionstaswn in Fig.
7.

RegionII {

Region III

Figure 7: lllustration of the three regions of cutting edgfea
tool in the presence of flank wear

The first contact region (Region | in Fig. 7) at ttake face
of the cutting tool is modeled the same way asritestt in the
previous section (see Fig. 2-3, Eq. 4-6). Sineectiange in the
tool geometry after tool wear does not affect tieerface, there
is no need to change the used model in this regidre forces
in the normal and tangential directions are thamébon the
rake face by integrating the normal and tangergiadsses

along the region. When these forces are obtainteds
necessary to convert them into cutting speed aedi d@rections
using cosine and sine of the rake angle. Theseectat/values
are compared to experimental measurements of miaghin
forces. In order to do this conversion, it is reseey to use Eq.
8-11 to find the cutting and feed components ofrradrand
tangential forces.

Fp,, = Fy, cosy, Eq. (8)
Fnlf = —F,, siny, Eq. (9)
Fi, = F¢ siny, Eq. (10)
Ft1f = F, cosy; Eq. (11)

The second contact region will be the edge facgigrell
in Fig. 7). This is the curvilinear section that lecated in
between the linear rake region and the linear vaedr region
(Fig. 8). The angle in this region is the angle from the cutting
speed (horizontal) direction. At the rake face,eth@ angle
will be equal to the rake angle of the tool, b threction will
be negative. At the flank face end, the anglelsutated using
to the clearance angley), cutting edge radius), and the tool
wear amount\(B) (Eq. 12). This angle can be called the cut-
off angle for the edge face region. When the nbamd shear
stress equations are found, they will be integréteah og to of
to find the total forces on the edge face. Howeweprder to
discuss stresses in this region, the stresseseirflank face
should be investigated first, since the calculaitor Region Il
depend on the results of flank face calculations.

0 =y, +sin™! (1

VB siny,
g

Eq. (12)

Figure 8: Tool edge face and angles (Region II)

The third contact region will be along the flankcéa
(Region Il in Fig. 7). This is the linear sectitimat represents
the tool flank wear. The tool is assumed to benydut for
fresh tools, a very small tool wear length can leduto
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represent freshness of the tool. The use of zmioflank wear
is not possible due to changes in calculation alsd &ot
advised because the tool wears very rapidly ongertachining
starts. At the beginning point of this region, gtear (f3max)

and normal <ﬁn3max) stresses will be at their maximum values,

and they will decay as a power of the distanceetoime zero
at =VB (Fig. 9-10). The shear and normal stresseseiated
to each other with a friction coefficient differetitan the one
between the tool and the chip at the rake fagg @nd this
friction coefficient can be assumed constant altimg flank
face. After modeling the normal and shear stresgesar to
those in the rake face region (Region 1), a simptegration
along the flank face contact length gives the apoading
forces (Eqg. 13-14). This region is assumed todralfel to the
cutting speed direction, hence the normal strersbeaused to
find the feed force component in this region, ahd shear
stress can be used to find the cutting force compbm this
region, with no angular conversion needed.

VB
Fog = Oy, (os) Eq. (13)
VB
T Eq. (14)
GSmax
N4
x=0 x=VB

Figure 9: Normal stress along the flank face (Region IlI)

Tamax

Y
x=0 x=VB
Figure 10: Shear stress along the flank face (Region 1)

Now that the stresses in the third region are @efirone
can go back to the discussion about the edge faessss
(Region 11). In order to depict the stress disttibn on the

edge face, one needs to change from Cartesian fkar po

coordinates. Hence, the angle measured from thengu
velocity direction to the location on the edge fdoem the
center of the edge radius is considered. Sincerddais is
constant in this region, the coordinate is convkit¢o a linear

picture (Figures 11-12). The normal stresses énfldink face
region will be less than the normal stresses irrdke face due
to the mechanics of cutting, so the maximum valfiethe
normal stress at the flank face will be less tHas maximum
value at the rake face. This will mean that inedge face, the
normal stresses will decay from a higher value lmager value,
and this decay is assumed to be linear throughetiye face
(Fig. 11). The shear stresses, on the other haitidhe in the
chip flow direction on the rake face, but will bethe negative
cutting direction on the flank face (since the woéce will be
moving in that direction). This means that thetfdanal shear
stress changes direction at the edge face (Fig. 12)

Glmm\'

\ 4
o =-Yy
Figure 11: Normal stress along the edge face (Region II)

Tlmax

a'=Ys oL

Il
D

o=
stagnation point .

T~

Figure 12: Shear stress along the edge face (Region- 1)}

There have been many studies on determining tragidot
of the stagnation point on the tool during machgniand the
findings of these studies about stagnation angbevsihat this
point falls on the edge face region depicted inurég 7-8
(Fang 2003, Yen et al. 2004, Kishawy et al. 2006pkVet al.
2008, Fang&Xiong 2008). Hence, at the location nehthe
frictional shear stress changes direction, a stagng@oint can
be assumed and the stagnation ang)ecén be calculated. The
rake face maximum frictional shear stress will lssuened as
the positive maximum value, and the flank face mmaxn
frictional shear stress will be assumed as the thaga
maximum value of the frictional shear stress in ¢age face
region. The frictional shear stress in the edge fa@gion will
continuously decrease from a positive maximum valti¢he
rake face end to a negative maximum value at thekfface
end, and this decrease is assumed to be lineahinMiis
linearly decreasing region, the frictional sheaesst value will
be equal to zero at some point, which will be thegsation
point. Using the angle and frictional shear strealsies, the
angle of the stagnation point can be found as shiov#g. (15).
In this region, the normal and frictional sheaesses will be
dependent on the angle so it is necessary to integrate these
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forces with changingt angle along the edge face to find the
normal and tangential forces.

— OTf1max V172

Vs Eg. (15)

Tfimaxt7T2

There is continuity in geometry from the rake f@Region
I) to the edge face (Region Il), so the stressemulghbe
continuous at that side as well. Hence, at the fake end of
the edge face region, the normal and shear streases
equivalent to the stress values used for the rage fegion, due
to the continuity of the stresses. However, thengetry is not
continuous at the beginning of the flank face, tu&ol wear.
At the end of the flank face, the vector sum of ghear and
normal stresses at the flank face end should bale&quthe
vector sum of the shear and normal stresses diethi@ning of
the flank face, since they are essentially the spoiat (Eq.
16). From this, the components of the shear ancnalo
stresses in the edge face region at the flank bacger can be
found using Eq. 17-18.

G+t =00y 4T, Eq. (16)
T, = anSmax(,u2 cos 6 + sin 9) Eq. (17)
Gy = On, (u, sin@ — cos 6) Eq. (18)

Once all of the force components are calculated by
integrating the normal and shear stresses and domyénto
the cutting and feed force components, they shbelddded up
to find the resultant forces in the cutting and dfeforce
directions (see Eq. 19-20). These correspond te
measurements from the orthogonal cutting tests, Hay
should be compared to find the right set of vagabl The
geometrical variables are the cutting edge radiy)s the rake
angle {,), the clearance angle,], and the tool flank wear
angle @). The first three are geometrical constraintsnfrine
tool, and the last one will be calculated. Thetaonvariables
are the total tool-chip contact length)(the plastic tool-chip
contact lengthlf), and the tool flank wear lengthg). These
are not known prior to the simulations, and shdddsearched
at the initial iteration. The polynomial variabl@s, ) are also
not known and should be searched at the initiahien (or
they could be assumed a value for the first itergti The stress
variables ¢1max 62, 03max Timax T2, Tamay are also not known
prior to the first iteration, and they should bershed at the
first iteration. However, the shear and normaésdes at the
rake face and flank face regions are related th edter with
the coefficients of friction, and the shear andnmalrstresses in
the edge face region at the flank face end areulzdéd (Eqg.
17-18). Hence, there are essentially only twosstneariables
(o1max O3may tO search. Friction variableg,( u,) are also not
known and should be searched at every iteration Kggure 13
for illustration of the algorithm).

th

F, =Fy +F, +F, +F, +F, +F, Eq. (19)
Ff=Fyy +Fo, + Ry, +Fy +Fy +Fy B0 (20)

At the initial iteration, all the unknown variablegre
searched within meaningful limits. For the frictiooefficients,
these limits were set initially as 0.1 and 0.9%or Ehe stress
variables, these limits were initially set as 1@@ 40000 MPa.
The contact lengths.(and },) were initially searched within the
limits of [1.0*t,, 4*t,] and [0.5*, 3*t], respectively. The
initial limits were selected so that any physicappssible
condition is covered , and after focusing on apjpnate values,
the limits of the search was changed to narrowduegaand
reiterated for better accuracy. The polynomialiatdes are
assumed to be 0.5, and they changed only slightsr ¢he
course of the next iterations. The values at e@rhtion are
selected at random, and for each set of selecfamoes in
cutting and feed directions are found. These foreee
compared to the measured forces from orthogonéihguiests,
and the error between the measured and calculategsf is
used in the algorithm so that a total error isgassil to each set
of variables (Figure 13). The selection of varghbls done a
satisfactory amount of times, and each random fseariables
has an error assigned to it. The number of “sattsfy
amount” is found through trial and error, and thgtimum
compromise between the computational time and tesul
accuracy is determined. After enough number of see
collected, the resultant variable set is found gisiy. (21),
where xz is the resultant variablex is the I unknown
(searched) variable is the error assigned to that variable, and
N is the total number of variables.

Z?I=1Xi/€i
RTIN Ea. (21)
After the initial calculation of the unknown varlab, the
resultant variable set is passed to the Finite EfgriModeling-
based simulations. After a simulation is run utité forces are
comparable to the measured forces, the stress fadithe rake
and flank faces are extracted (Figure 13). Wherstresses vs.
the distances are fit to a power curve, the maxirmommal
(Unlmax' 0n3max) and frictional shear stressesg, Smx, Tf3max) at

the rake face and flank face regions as well agptignomial
coefficients (n, N can be found. Also using the rake face
stresses, one can find the total and plastic tbip-contact
lengths [ andlp), and the stagnation point can be confirmed
using the shear stress vector representation. hAt rext
iteration of the friction determination method, skevalues will
be used instead of searching for all of them. Assalt, at each
iteration after the initial iteration, the frictiocoefficients will
be the only ones being searched (and then passead tire
FEM-based simulation model). When the friction fioeents
are very close to each other within tolerable kmit two
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consecutive iterations, the algorithm is stopped e friction
coefficients are determined (Figure 13).
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6. RESULTS AND VALIDATIONS

Simulation results for the nickel-based alloy IN91€an be
found in Table 3. The simulations were run for tdifferent
rake angles (0 and 3 degrees), two different edde €10 and
25 um), two different cutting speed (12 and 24 m/mand two
different uncut chip thickness (0.05 and 0.1 mmiptal of 16
cutting conditions. Experimental results were gatd for all
the conditions, as the cutting and tangential foraee used
within the algorithm. The results presented ins thable
represents the last iteration, and the reasorofothe iterations
was that in the previous iteration, the frictiorefficients on the
rake and flank facequ{ andp,) were less than 0.01 different
than the friction coefficients on the last iteratigshown in
Table 4). As a result, it is safe to say that ihthé cutting
conditions, the friction coefficient on the rakedabetween the
tool and the chip was 0.7, while the friction cizént on the
flank face between the tool and the worn workpiees found
to be around 0.62. Stagnation angle was foundetanbstly
dependant on the tool edge radius, and with inorgasdge

radius from 10 to 2%um, the stagnation angle was found to

increase from 10-15 degrees to 40-45 degrees. tHowée
tool wear was considered to be constant (&6 in all the
conditions, which means that these simulationsesgnt the
values after a certain and similar tool wear amoragardless
of the cutting time or distance. Other processapeters did
not affect the stagnation angle significantly.

Table 3: Search algorithm results compared to orthogonal

cutting results for IN-100

FDM Results

rg | Ve tu R F M1 M2 Ye
o 10| 12| 0.05| 1183 1470 O0O.f 0.2 15.9
g._ 10| 12| 0.1 | 1949 2166 0.y 0.62 142
10| 24| 0.05/ 1090 1018 O.f 0.2 143

10| 24| 01 ] 1692 1602 0.y 0.62 122
25| 12| 0.05| 1074 967 0.y 0.2 456
25| 12| 0.1 1754 1854 0.y 0.2 425
25| 24| 0.05| 882 707 0.7 0.6 436
25| 24| 0.1 1415 15183 0.y 0.2 440
10| 12| 0.05| 768 885 0.y 0.62 137
10| 12| 0.1 ] 1292 1645 0.y 0.62 133
10| 24| 0.05| 810/ 932 0.y 0.2 136
®L10] 24 01| 129§ 1631 Oy 0.2 101
= 25| 12| 0.05] 941 1138 0.7 0.61 427
25| 12| 0.1 171 2217y 0.y 0.2 452
25| 24| 0.05| 1094 1233 0. 0.1 417
25| 24| 0.1 1504 2255 0.y 0.62 401

Simulation results for the titanium-based alloy6Ri4V
can be found in Table 4. The simulations were famtwo
different sets of experimentation. For higher iogttspeed
(V=120 m/min), the experimental results were reedifrom
the orthogonal cutting tests conducted at TechSbiee and
the depth of cut was b=5 mm. The experimental liedar
lower cutting speed (V=70 m/min) were extractednfrehe
orthogonal cutting test results of Wyen&Wegener 1(20
where the depth of cut was b=2 mm. Three diffenehe
angles (0, 5, and 10 degrees), three differeninguédge radii
(10, 20 and 3@m), two different cutting speeds (70 and 120
m/min), and three different uncut chip thicknes9%0 0.06 and
0.1 mm) were used. However, the intention was #ikemthe
low feed values as close to each other as possbl¢he two
different measurement sets did not have two lovadues of
uncut chip thickness. The two low values are veose to
each other, and the difference in the effect carad®umed
statistically non-significant. In total, it is pgible to see the
effect of all four cutting parameters in 8
experiments/simulations.

It can be observed from Table 4 that none of thharpaters
had any significant effect on the friction coeffints, and the
rake face friction coefficients were found to beward 0.6 for
all the parameters used. The flank face frictioaficient was
also constant around 0.51, except for the highesing edge
radius (30um), where it dropped slightly to 0.45-0.49. The
stagnation angle was found to decrease slightlly imitreasing
feed, and not change significantly with cuttingesper the rake
angle. As with the nickel-based alloy IN-100, gtagnation
angle during machining the titanium-based alloy67i-also
depended heavily on the edge radius, and with eddais
increasing from 10 to 20 and 30m, the stagnation angle
increased from around 10 degrees to 27 and 45 eegre
respectively.

Table 4: Search algorithm results compared to orthogonal
cutting results for Ti-64

FDM Results
I's Ve ty R/b | R/b M Mo Ys

-1 10| 120| 0.05| 51| 104 0.60 0.51 113
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10 | 120| 0.1 80| 189 059 051 88
o 10 | 120| 0.05| 48 99| 0.60 0.52 120
= 10| 120| 0.1 67| 180, 0.60 0.52 8.6
20| 70| 0.06) 75| 128 0.59 0.51 281
% 20| 70 0.1 83| 188 0.58 0.50 25{8
</ 30| 70| 0.06] 110 139 059 045 453
30| 70 0.1 113 191] 0.59 0.49 450

7. CONCLUSIONS

Since friction plays an important role in machining
processes, this work introduced a new iterativdriggie to
determine the friction coefficients and related gpaeters
during machining titanium- and nickel-based alloys.
Experimental results from various sources were ussd
guidance, since the experimental cutting forcesrmeded to
initiate the iterative algorithm. Two different tedques were
introduced, one with constant tool geometry, areldther one
with worn tool geometry, and the results were #éd to show
the friction coefficients and related parameterdanrdifferent
cutting parameters. It was found that while thectifin
coefficients did not depend on most of the cutfiregameters,
they changed with changing workpiece material, alghtly
with cutting edge geometry. With both methods adtrced,
rake and flank face friction coefficients were fduto be
similar for Ti-6Al-4V. This methodology can be wdsdo
determine the friction coefficient for simulatioirs DEFORM
or any other FEM software, and the methodology aféers to
be expanded to other materials and cutting parametia
gathering of more orthogonal cutting tests.
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