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Introduction. The problem formulation. One of the characteristic features
mechanical processing polymer composite materials (PCM) is the intense wear of the tool
cutting edge. This fact is primarily the result of a physical, chemical and thermo mechanical
phenomena combination in the process of cutting the composite. At the same time, in its
appearance, wear is a pronounced abrasive nature. In the process of interaction the zone of
transition from the rake to the flank surface of the tool cutting edge its intensive wear occurs
(the tool tip material removal). In fact, there is continuous contact with sliding between the
high strength tool tip with an inhomogeneous material that is significantly inferior in its
strength characteristics, but has high abrasive properties.

This circumstance leads to deterioration in the product processing quality and the
replacement or tool regrind. Numerous theoretical, experimental and numerical studies were
devoted to the study of the abrasive wear problem, in which the issues of predicting tool wear
were considered.

Like any physical process, wear in the contact of the tool tip-PCM must obey a certain
law (wear law), which describes the removal of material in time and makes it possible to
predict the tool's performance (durability or tool life). Numerous theoretical and experimental
studies show that the wear rate depends on various factors in the process of interaction. These
include the interacting body’s materials physicochemical properties, surfaces roughness, the
presence of lubricant, the load-speed regime, the temperature and composition of the
environment, etc. All these factors, to one degree or another, must be taken into account in the
wear law. One of the variants in the form of a hereditary aging model is presented in [1].

According to the proposed formulation it is assumed that wear is abrasive, i.e. the
harder material is removed by cutting or splitting another less hard material. For the abrasive
wear law 1s proposed relation for the change (removal) rate the tool tip material volume in
time (the density is considered constant) in the form

0
dv(t) = &%Ve_ﬁ (1)
wear )
dt [Tsh] HVtool

where dv/dt — tool tip volume removal rate, m’/s, F,—normal component of the cutting force
in contact (can be determined experimentally), N; pu— friction coefficient in contact; [rsh] —

filler material allowable shear stress, N/m’; H Vs HV e — the hardness of the filler material

ool
(reinforcement element) and the material of the cutting tool, N/m?; ¥V — relative sliding speed
(tool tip movement), m/s; Q — activation energy, J/mol; R — universal gas constant,
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J/(mol-°K); T — temperature in the cutting zone, °K; ¢ — time, ¢; K — volume wear

wear
coefficient, which determines the shape and intensity of the tool surface wear over time.

In the presented ratio preference is given directly to the time parameter and not to
some other parameter, such as the number of drilled holes. This is a more general approach as
it directly takes into account the tool operating time, regardless of the operation type and the
quantitative equivalent of each operation it performs.

Taking into account such a physical effect as friction and determining the friction
coefficients in mathematical models of contact interaction composites with the tool material
differs most significantly from the determination of friction coefficients in the processing of
the homogeneous materials. The structure heterogeneity and the anisotropy of the composites
properties make it impossible to apply the classical contact theory. The friction coefficient, in
addition to the juvenile contact surface, is also determined by the presence of destruction
products of the binder and filler in contact at a sufficiently high temperature. As a result, the
contact interaction occurs through the existing elastic-porous or viscoelastic layer due to the
molten binder.

A contact interaction model construction, undertaken for example in [2], between
bodies, one of which is a composite, allowed us to conclude that the friction coefficient
mainly affects the size of the contact spot. However, most studies do not answer the main
question — what is this value and how it changes in the process of contact interaction (product
processing).

In the present work, it is assumed that the value of the friction coefficient depends on
the following factors. First of all, the filler orientation in the composite and its total amount,
as well as the magnitude of the contact pressure, the mutual slip rate and the temperature in
the contact interaction area. The study of the nature and magnitude of the friction coefficient
in the contact tool-cut layer is a separate and extremely difficult task.

State of the art and publications of the problem. When constructing real
mathematical models of PCM cutting processing, it is impossible to do without taking into
account the physical friction factor and determining the friction coefficients. The
heterogeneity of the PCM structure and the anisotropy properties make it impossible to apply
the classical contact theory and use the Coulomb-Amonton relationship.

The traditional approach to determining the friction coefficient is to assign it equal to
some constant empirical quantity, which is recommended to be calculated from experiments.
However, the experimental studies described below have shown that the friction coefficient is
not a constant value and depends on many factors.

In fact, we can say that the first proven numerical values for the friction coefficient
were obtained on the basis of the experiments processing in [3]. Three types of composite
materials were considered: unidirectional carbon fiber with 60% filler content; Kevlar-49 /
Epoxy with 65% content of reinforcing elements and two-dimensional fiberglass reinforced
with microfiber. The friction coefficient was measured for unidirectional carbon fiber with
four directions of composite reinforcement: 6 = 0, 30, 45 and 90°, Fig.1.

The presented results showed an increase in the friction coefficient of more than 2.5
times for the normal orientation of the fibers, which the authors refer to as 6 = 0°, compared
with the longitudinal 6 = 90 °. On the other hand, the experimental studies shown in [6] show
an inverse relationship when the coefficient of friction increased from p=0.3 at 0 =0°to u =
0.88 at 6 =90 °.
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Figure 1 — Determination of the reinforcing fibers orientation in accordance
with [4,5] adopted in this article

On the one hand, this contrast is explained by the fact that, in principle, with all the
quality of the use of laboratory tribometers, their interaction conditions do not reflect the
contact conditions during processing and do not use juvenile, just generated surfaces typical
for continuous processing [7, 8]. On the other hand [5], it was concluded that experiments to
determine the friction coefficient [6] carried out on a pin-on-disk setup with variable
orientation of PCM fibers sliding on high-speed steel (HSS) under a normal load of 120 N
provides more accurate modeling than presented in work [3] modeling on the device "pin on a
ring" for different orientation of graphite-epoxy fiberglass fibers on steel. The author believes
that in [3] and [6] the opposite definition of the fibers orientation relative to the sliding
direction is used. If this discrepancy is corrected, then the friction coefficient will increase
from p = 0.3 at 6 = 0° (longitudinal) to p = 0.88 at 6 = 90° (normal), which means that the
normal orientation of the fiber relative to the sliding surface has more high frictional
resistance.

The cutting force in macromechanical parameters [6] is in good agreement, but the
axial force has a significant discrepancy compared to the measured one. In fact, we can say
that the existing methods of determining the friction coefficient on closed tribometers such as
"pin on disk" or "pin on ring" do not quite accurately simulate the conditions of continuous
sliding contact typical for machining with continuous removal of material by the tool.

In [9], using an analytical solution in a closed form for an anisotropic half-plane, the
contact characteristics of unidirectional reinforced continuous composites are investigated
when interacting with a rigid parabolic stamp. The influence of the PCM material, friction
coefficient, fiber material, fiber orientation and volume fraction on the surface contact
pressure is considered. The results obtained are evaluated by comparison with experimental
data and the results of the finite element method. Based on the analytical results, several
important trends in the change in the contact wear characteristics of reinforced plastics are
explained and discussed. It was concluded that the friction coefficient of composites has little
effect on the contact pressure for different fiber orientations. The value of the friction
coefficient has a really significant effect on the symmetry of the contact patch, except for the
orientation 6 = 0°.

On the other hand, experimental work [10] on the woven epoxy glass wear and carbon
fiber reinforced plastics in the normal load range of 20-80 N and speeds of 2—5 m/s showed
that the samples weight loss and friction coefficient significantly increase with increasing
load and tends to a slight decrease with increasing slip rate for both materials. It was
concluded that, in general, CFRP has a lower friction coefficient than fiberglass, which has
material characteristics that contribute to frictional properties. At the same time, the wear
during sliding of woven CFRPs is significantly superior to that of fiberglass.
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Separately, there are experimental studies devoted to the determination of the friction
coefficient between glass or carbon fiber and diamond tools in real cutting conditions [11—
13]. Here we can only talk about the values of the friction coefficient exclusively in special
cases. For example, in [11], data are presented for the friction coefficient, which varies for
lubrication conditions during the interaction of single crystal diamond and carbon fiber
reinforced plastic, depending on different contact pressures and interaction rates. The data on
the friction coefficient between single-crystal diamond and CFRP are presented depending on
different contact pressures, sliding speeds (20 m/min and 40 m / min), the CFRP layer
orientation, and the use of a cutting fluid is considered. Experimental friction coefficients for
CFRP-diamond are significantly less than any other value reported in the literature and range
from 0.08 to 0.12 for dry and 0.06 to 0.07 for lubrication conditions. Due to the CFRP shape
probe (sheet material) and the absence of unidirectional material, the effect of fiber
orientation was not analyzed.

In [12], the temperature effect on the friction coefficient between epoxy carbon fiber
and single-crystal diamond at low sliding speeds is considered. The authors obtained values
for the friction coefficients p = 0.125 for a fiber orientation of 0° and p = 0.175 for a normal
orientation of 90°. With increasing temperature, the friction coefficient increases to pu = 0.4 at
125 °C and decreases sharply when the glass transition temperature is exceeded due to
changes in the epoxy resin properties.

On the other hand, [13] analyzes the effect of very high sliding speeds (up to
800 m/min) on the friction coefficient between polycrystalline diamond (PCD) and arbitrarily
structured CFRP. Values are given from p = 0.05 to p = 0.08 or less, which is lower than
those obtained between single-crystal diamond and carbon fiber reinforced plastic in [11].
Note that different CFRP materials have been tested. For high speeds ( > 100 m/min), the
effect of sliding speed on the friction coefficient is small.

Objective. To develop a theoretical model for determining the friction coefficient,
which makes it possible to take into account the composite fibers orientation, the fibers total
content , the contact pressure magnitude, the temperature in the contact zone, the contact
interaction rate, etc. The main goal is to propose and show the feasibility of using the
proposed mathematical model for calculating the friction coefficient in relation (1).

The main part. The available experimental literature data are extremely scanty and
the overwhelming majorities are devoted to the study of the influence of any one material
factor on the value of the friction coefficient, for example, the fibers orientation in
unidirectional epoxy carbon composite [6]. At the same time, such a factor as the filler
volumetric content and its properties were not considered. On the other hand, experimental
data for an epoxy composite with 60% volumetric filler content are presented in [3]. In the
majority of numerical studies by the finite element method (FEM) [14, 15], a constant value
of the friction coefficient of 0.2 or 0.3 is used, which is in no way justified.

In almost all experimental studies and FEM numerical calculations, the conditions
under which the data on the friction coefficient were obtained were limited. These conditions
were quite different from the real ones, and when processing the results, traditional
simplifications of the type were accepted:

e the material of the composite is anisotropic, but locally homogeneous;

e the cutting tool is considered to be absolutely solid and does not experience
deformations;

e the process is considered as quasi-static, whence the analysis of its modeling follows;
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e the effect of heat generation during processing simulation is not taken into account

(since it is considered that the cutting speed is limited to a small value);

e the effect of discrete contact between the flank of the tool cutting edge and the cut
material on the friction coefficient is not taken into account.

In [6], the results in the value of the friction coefficient change depending on the fibers
orientation are presented, Fig. 2. The general orientation in the range of fiber tilt angles from
0 to 90° has a character close to linear.

It is proposed to take the following priority of the various factors influence the friction
coefficient value: fiber orientation, total fiber content, temperature in the contact zone, and
interaction speed. At the first stage, it is proposed to calculate the friction coefficient from the
ratio

=k, -0/09y+1,) K,,,
n ( n 90 “0) vr (2)
where 0 — angle of reinforcing elements inclination (6=0) — longitudinal reinforcement,
899 =90 — normal reinforcement, degree, but not more 90 in absolute terms); &, — constant
coefficient determined from experimentation or experiences; K,. — coefficient taking into

account the effect of the reinforcing elements volumetric content in the composite on the
friction coefficient;, — accepted initial value of the friction coefficient for conditions of

longitudinal reinforcement (©6=0). For reinforcement at 6>90, relation (2) will be written in
the form p=(Kk, -(180-0)/0g) +1 )-K,,..
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Figure 2 — Dependence of the friction coefficient on the reinforcement angle 6 for
epoxy fiberglass with 65 % volumetric fiber content [6]

From general considerations, it can be assumed that the friction coefficient will be
influenced not only by the laying direction the reinforcing elements, but also by their
volumetric content. However, there is no systematic information on this, as well as reliable
experimental data. It is logical to assume a certain linear nature of this dependence with a
qualitative characteristic of the type, the more fibers in contact, the stronger the effect of the
filler. For example, for normal reinforcement, it can be assumed that at 60 % reinforcing
fibers, the number of tool contacts will be twice as large as at 30 % reinforcement. However,
this 1s most likely not the case, since destruction products are involved in the interaction
process, and the reinforcing elements are not cut at the same height.
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The coefficient taking into account the effect of the reinforcing elements volumetric
content in the composite on the friction coefficient is proposed to be taken in the form

er =Hyo, /un% ’

where W ., — the friction coefficient for composite with the reinforcing elements
volumetric content is x% and n%, calculated using the law of mixing; p,,, — normalizing

friction coefficient, with the filler volumetric content for which there are data on the
dependence of the friction coefficient on the reinforcement angle 6°. In other words, if we
have data on the dependence of the friction coefficient on the reinforcement angle for certain
filler content, then the friction coefficient value for this content will be normalizing.

Therefore, to take into account the influence of this factor when calculating friction
coefficient, considering the reinforcing elements effect of the volumetric content, it was
proposed to use the mixing law in the form [16]

Moo, =V /1, +V) /“b)_l ’ (3)

where V., V, — the reinforcing elements and binder volumetric content, and V. + V), =1;
u,,u, — friction coefficients of steel on the reinforcing element and binder material.
Then coefficient K, taking into accounts the influence of the reinforcing elements

volumetric content in the composite on the friction coefficient is can be represented, for
example, for glass fiber 60% content in epoxy plastic as follows. Let us take the sliding

friction coefficient of steel on glass pn,.=0,12-0,14and friction coefficient of steel on epoxy
resin p,=0,5 [17], then pgy, = 0.197, for 30% glass fiber content psp, = 0.282, then

K, =300, / Moo, = 1.435.

The dependence on the interaction speed is extremely difficult to assess. However, the
information given in experimental studies [10] shows that a significant change in the friction
coefficient takes place either at very low or at very high processing speeds. Therefore, we will
assume that the presented ratio is still valid in a certain average range of speeds, in which
there is no significant change in the value of the friction coefficient from the interaction
speed.

As indicated in [5], the friction coefficient sharply decreases when the temperature in
the fracture site is exceeded, the glass transition temperature of the binder, in particular, epoxy
resin. It is assumed that the processing is carried out in the range of feeds and other
technological parameters that ensure the contact temperature is below the glass transition
temperature and there is no significant change in the friction coefficient value due to the
temperature effect.

Case study. Let's calculate the coefficients in the formula (2) using the data presented
in the work [6]. First, let us determine the volumetric content of reinforcing elements in the
material for which the experimental data are obtained in Fig. 2. The modulus of elasticity
along the fibers from [6] fiberglass is E. = 48 GPa, Er= 72.5 GPa 1s the reinforcing glass
fibers modulus of elasticity, £, = 3.1 GPa is the epoxy binder modulus of elasticity.
According to the law of mixtures, the fiberglass modulus of elasticity
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Ec:Ef'Vf-i_Em'Vm’

substituting the values of the terms, we obtain Vf =0,65and V,,=0,35.
Linear regression of the data in Fig.2 gives: pg=0,645-0/90+0,295=0,725 and for

the reinforced angle 0=60°, the volumetric content of reinforcing elements 65 %,
K, =1,051, then p = 0,762. Using formulas (2) and (3), for example, for CFRP with 45 %

reinforcing elements and fiber orientation 6=45" will get K, =1,238, n = 0,617x1,238 =

0,764. Thus, it can be assumed that CFRP with a reinforcing component of 65 % and a
reinforcement angle of 60° will have approximately the same friction coefficient with CFRP
with a reinforcing component of 45% and a reinforcement angle of 45°.

Conclusion. An attempt to leave the contact interaction calculation of a tool and a
composite material from the traditional consideration of the friction coefficient as a constant
value, the value of which is often given without any reason is considered. It is proposed
through this value to take into account the volumetric content and the inclination angle of the
reinforcing elements when considering the contact interaction of the tool tip and the
unidirectional composite in time (wear law). The ratio is based on the use of limited
experimental information provided by various authors. The model does not take into account
the effect of contact pressure, mutual sliding velocity and temperature on the value of the
friction coefficient, which will be the subject of further research in this direction.
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YK 621.91
Xagin I'.JI., n.1.1., npodecop, Xoy [xiBeHb, acmipaHT

BU3HAYEHHS BEJIMYUHU KOE®IIIEHTY TEPTA KOB3AHHSA
B KOHTAKTI PDKYYUI IHCTPYMEHT-KOMIIO3UT

Hayionanonuit mexuiunui ynisepcumem "Xapriscokuil nonimexniunui incmumym'”, Xapkie

OpHi€ro 3 HaWBaXIMBIIIKUX XapaKTEPUCTUK MPU PO3PAXYHKY 3HOCY PLKYUYOro 1HCTPY-
MEHTY IPU KOHTAKTHII B3aeMOJii mpu 0OpoOLil KOMIIO3UTY, € KOe(DIilieHT TepTs. Y OUIbIIOCTI
PO3paxyHKIB, Yy TOMY YHCJI1 1 METOJIOM CKIHYCHHUX €JIEeMEHTIB, KOS(DIIIEHT TepTs 3a3BUYAH 3a-
TAETHCS SIK TIOCTIMHA BEJIMYMHA, 3HAYEHHS SKO1 YaCTO MPUUMAETHCS 3 JOCBIAY 0€3 KOIHOi
nigcraBu. OfHaK Npu MeXaH14Hi1A 0OpoOI1l apMOBaHUX KOMIIO3UTIB € Ayke O6arato (axkTopiB
MEXaHIYHOTO 1 TEXHOJIOTTYHOTO XapaKTepy, K1 YK€ CUJIbHO BIUIMBAIOTh HA BEJIUUYHMHY KOE-
¢inienta tepts. Llel BIIMB MoB's3aHMi HE JHILIE 3 TOYATKOBOIO HEOIHOPIAHICTIO KOMIIO3UTY,
a 1 NOCTIHHOIO (PAKTHUYHOIO 3MIHOIO YMOB KOHTAKTy Yy 4aci, 1110 BUKIMKAaHO 3HOCOM PI13aJIbHOT
YaCTUHU IHCTpYMEHTA. 3HaYCHHS BEJIMYMHU Koe(illleHTa TepTs B peaJbHUX YMOBaX KOHTAKT-
HOT B3aeMOJIT Ma€ Ty’Ke CKIaJAHUNA (I3UYHUI BMICT Yepe3 MPUCYTHICTh B KOHTAKTI IPOIYKTIB
pyHHYBaHHS BOJIOKOH 1 CIIOJYYHOI'O, YaCTKOBOTO PO3IUIABJICHHS CHOJYYHOTO IpPHU TeMIiepa-
Typ1 KOHTaKTy, IPUCYTHOCT1 HEPIBHOMIPHO 3pi3aHUX BOJIOKOH.

VY wif cTarTi npeacTaBieHo GOPMYIIOBAHHS, IO J103BOJISIE PO3PAXOBYBATH BEIMUMHY
Koe(ilieHTa TEPTS B 3aJIEKHOCTI BiJl 00'€eMHOTO BMICTY Ta KyTa HaxWly €JIE€MEHTIB apMyBaH-
HA. 3ampONOHOBAHO PO3PAXOBYBATH 3HAYCHHS KOEQIiEHTa TEPTS AK MO0OYTOK JBOX CIIB-
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MHOYHUKIB, OJTUH 3 SIKUX BIAMOBIAA€E 32 00'€éMHHUI BMICT HAlOBHIOBAYa, a 1HIIUN 3a Opi€HTa-
LII0 €JIEMEHTIB apMyBaHHS. Y pO3paxyHKax 3aCTOCOBYIOTHCS CIIBBIAHOLIEHHS TEOpii CyMi-
mei. [logani Bupa3u 1yist po3paxyHKiB 0a3yrOThCS HAa BUKOPHUCTAHHI 0OMEKEHOT eKCIIEpUMEH-
TajbHOI IH(OpMaIlli, IpeacTaBiIeHOl pI3HUMHU aBTopaMu. HasiBHI 1aH1 yacTO MaloTh cynepey-
JUBUN XapakTep 1 CTOCYIOThCS, SIK MPaBUIIO, IPOTHO3YBaHHS SIKOCTI 00poOJeHOT MOBEPXHI
OJIHOCTIPSIMOBAHUX CKJIO- Ta BYTJICIUIACTUKIB. Y TOM K€ yac BeIMUYMHA KoeQillieHTa TepTs B
pO3paxyHKaxX 3HAYHO BIUIMBAE HA YSIBJICHHS 3HOLIYBAHHS 1 CTIMKOCTI IHCTpyMEHTY. Mojeinb
HE BPAaXOBYE BIUIMB Ha BEJIIMYMHY KOe(illieHTa TePTS KOHTAKTHOIO TUCKY, IIBUJKOCTI B3a€M-
HOTO KOB3aHHS 1 TeMIepaTypu, 110 Oyle NpeAMETOM MOAANBIINX JOCIIIKEHb Y bOMY Ha-
MPSIMKY.

Kurouosi cioBa: xoedinieHT TepTs, abpa3uBHUIl 3HOC, BMICT HAIlOBHIOBAYa, HaIps-
MOK apMyBaHHS, 3HOIIIYBaHHS IHCTPYMEHTY.

XasuH ['.JI., n.1.H., npodecop, Xoy J>kuBeHb, aCIUPAHT

OINNPEAEJIEHUE BEJIMYUHBI KO®OPUIIUEHTA TPEHUSA CKOJIb)KEHUS B
KOHTAKTE PEXYIIUA HHCTPYMEHT-KOMITIO3UT

OpHol U3 BaKHEHIIMX XapaKTEPUCTUK MPHU pacyeTe M3HOCA PEXKYIIEro MHCTPYMEHTA
IIPU KOHTAaKTHOM B3aMMOJIEUCTBUU C 00pabdaTbiBa€MbIM KOMIIO3UTOM SIBJISIETCS KOA(PPHUIIMEHT
TpeHus. B OoiblIMHCTBE pacueToB, B TOM YUCIIE U METOJIOM KOHEYHBIX 3JIEMEHTOB, KO (U-
LUEHT TPEHUsl TPAJUIMOHHO 33JaeTCs KaK MOCTOSHHAs BEJIMYMHA, 3HAUEHHE KOTOPOM 4acTo
MIPUHUMAETCS U3 OIbITa 0€3 BCAKOTO Ha TO OCHOBaHMs. OHAKO TTPU MEXaHUYECKOH 00paboT-
K€ apMHPOBAHHBIX KOMIIO3UTOB MUMEETCS CIUIIKOM MHOTO (PAKTOPOB MEXAHUYECKOTO U TEX-
HOJIOTMYECKOTO XapaKTepa, KOTOPbIE€ OKa3bIBAIOT OUYEHb CUJIBHOE BIMSHUE HA BEIMUYMHY KO-
s dunuenTa TpeHus. DTO BIUSHUE CBA3aHO HE TOJIBKO C HA4aJbHOW HEOJHOPOJHOCTHIO KOM-
M03UTa, HO U MOCTOSHHBIM (PAKTUUYECKUM M3MEHEHHEM YCJIOBHMM KOHTAaKTa BO BPEMEHH, BbI-
3BaHHBIM M3HOCOM DPEXKYLIEH YaCTH MHCTPYMEHTA. 3HAUEHUE BEIIMYMHBI KOAPPUIIUEHTa Tpe-
HUS B pealIbHBIX YCIOBUSAX KOHTAKTHOTO B3aUMO/IEHCTBUS UMEET OUYEHB CII0KHOE (PU3NYECKOE
COJIep’KaHUe M3-3a MPUCYTCTBUS B KOHTAKTE MIPOJYKTOB pa3pylLIeHHs BOJOKOH U CBA3KH, 4ac-
TUYHOTO PacIUIaBJIEHUs CBS3YIOIIETO MPU TEMIIEpaType B KOHTAKTE, HEPABHOMEPHOCTH MpH-
CYTCTBUS CPE3aHHBIX BOJIOKOH.

B nacrosuieil cratbe npeacraBieHa GopMyaupoOBKa, MO3BOJISAIONIAS PACCUUTHIBATH Be-
JUYUHY KO3 PUIIMEHTa TPEHUS B 3aBUCUMOCTH OT 00OBEMHOI0 COJIEp’KaHUs U YIila HakJIOHa
apMUPYIOLIKX 31eMeHTOB. [IpeoxkeHo paccuuThIBaTh 3HaUeHUE KOA(pGUIUEHTa TPEHUS KaK
MIPOM3BEACHUE IBYX COMHOKUTENIEH, OJIUH U3 KOTOPHIX OTBEYAET 3a OOBEMHOE COJAEpKaHHE
HAIOJIHUTEJIS, a IPYyroi 3a OpUEHTALUIO apMUPYIOLINX IEMEHTOB. B pacyerax ucnosib3yror-
Csl COOTHOIIIEHUSI Teopuu cMmecel. [IpencraBieHHble BBIpAXKEHUS JUISI PACUETOB OAa3UPYHOTCS
Ha HCIIOJB30BAaHUHM OTPAHUYCHHOM SKCIEPUMEHTATHPHOU MH(GOPMAIMHN TPEACTABICHHON pa3-
JUYHBIMU aBTOpaMu. Mmeromiyecs: naHHbIE 3a4acTyi0 HOCST MPOTHBOPEUMBBLIN XapakTep U
KacaloTcs, Kak MpaBUJIO0, IPOTHO3UPOBAHMS KayecTBa 0OpabOTaHHON MOBEPXHOCTH OJIHOHA-
MIPaBJICHHBIX CTEKJIO- M YIJIEIUIAaCTUKOB. B TO ke Bpems BennunHa Ko3(d(duLreHTa TpeHus B
pacuerax OKa3blBaeT 3HAUMTEIbHOE BIMSHUE HA MPEICTaBICHUE M3HAIIMBAHUS U CTOMKOCTH
UHCTpyMeHTa. Mojenp He Y4YUTHIBAeT BIMSHHE Ha BEIMYMHY KOd(DPUIMEHTa TPEeHUsI KOH-
TaKTHOT'O JIaBJICHUS, CKOPOCTH B3aUMHOIO CKOJIBKEHMSI U TEMIIEpaTyphl, YTO OyJET SABJIATHCA
[peIMETOM JalbHENIINX UCCIeI0BaHUMN B JaHHOM HAlpaBICHUH.
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DETERMINATION OF THE COEFFICIENT SLIDING FRICTION VALUE
IN THE CONTACT THE CUTTING TOOL-COMPOSITE

National Technical University "Kharkov polytechnic institute", Kharkov

One of the most important characteristics in calculating the cutting tool wear in
contact with the processed composite is the friction coefficient. In most calculations,
including the finite element method, the friction coefficient is traditionally set as a constant,
the value of which is often taken from experience without any reason. However, when
machining reinforced composites, there are too many mechanical and technological factors
that have a very strong effect on the friction coefficient value. This influence is associated not
only with the initial heterogeneity of the composite, but also with the constant actual change
in the contact conditions over time, caused by the wear of the tool cutting part. The friction
coefficient value in real conditions of contact interaction has a very complex physical content
due to the presence of products of fibers and binder destruction in the contact, partial a binder
melting at a temperature in contact, and the unevenness of the cut fibers presence.

This article presents a formulation that allows you to calculate the value of the friction
coefficient depending on the volumetric content and the inclination angle of the reinforcing
elements. It is proposed to calculate the friction coefficient value as the product of two
factors, one of which is responsible for the filler volumetric content, and the other for the
reinforcing elements orientation. The calculations use the mixtures theory relations .The
presented expressions for calculations are based on the use of limited experimental
information presented by various authors. The available data are often contradictory and
relate, as a rule, to predicting the processed surface quality of unidirectional glass and carbon
fiber reinforced plastics. At the same time, the friction coefficient value in the calculations has
a significant impact on the representation of tool wear and life. The model does not take into
account the contact pressure effect, mutual sliding velocity and temperature on the friction
coefficient value, which will be the subject of further research in this direction.

Keywords: friction coefficient, abrasive wear, filler content, reinforcement direction,
tool wear.
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