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MODEL OF SURFACE ROUGHNESS IN TURNING OF SHAFTS
OF TRACTION MOTORS OF ELECTRIC CARS

Purpose. Research on surface roughness in turning of traction motor shaft of electric vehicles, depending on the measure of the
main cutting edge angle and rounded-off radius of the cutter. Analysis of the impact of vitrified aluminum oxide disk characteris-
tics on the surface profile after wheel dressing.

Methodology. The research was based on existing empirical dependencies that describe the profile of the workpiece surface
being machined during turning and grinding. In this case, probability-theoretical methods and methods of straight-line strip chart
recording before and after grinding were used.

Findings. The irregularity of the surface roughness that occurs after turning of the traction motor shaft of electric vehicles has
a significant impact on the choice of geometric parameters of the cutting tool. Most often, roughness is considered as a determin-
istic set of irregularities of the same size and shape. There are dependencies built from the analysis of the kinematics of the treat-
ment process and the shape of the tool cutting part. It is advisable to consider the profile of the roughness of treated surface of the
part as the sum of all random deviations superimposed on an ideal geometrically calculated profile. In this case, the roughness
profile will have a probabilistic character, which was formed as a result of complex stochastic processes that occur during machin-
ing. Depending on the physical phenomena that accompany the treatment process of the material, the levels of the random com-
ponent should be adjusted depending on the cutting speed.

Originality. For the first time, a composite model of surface roughness is considered taking into account the influence of a
random component on the geometric parameters of the cutting tool. Impact analysis of the vitrified aluminum oxide disk’s char-
acteristics parameters on the surface profile after dressing the cutting wheel face was conducted.

Practical value. The assignments of cutting conditions, taking into account the rational parameters of the main cutting edge
angle and apex spherical radius of a cutter will ensure the necessary surface quality after machining motor shaft of electric vehicles
and their collector-and-brush assembly units, which will significantly affect the overall efficiency of the electro-mechanical system
of the vehicle. Regularities of forming and describing the relief of a cutting wheel face will make it possible to clarify the number of
active gains in the wheel-workpiece contact, the thickness of the cut by individual grains and the components of the cutting force
during grinding, which will lead to an increase in the quality of processing the traction motor shaft of an electric vehicle.
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Introduction. The surface roughness in turning of traction
motor shaft of electric vehicles is influenced by such factors as
cutting depth and speed, feed, the main and end cutting edge
angles, the main back and front clearance angles, tool deterio-
ration and its on-stream time, apex spherical radius of a cutter,
properties of the processed and tool material, and others. The
main factor is the geometry of the cutting tool. The main geo-
metric parameters of the cutting tool, affecting the surface
roughness, are the main and end cutting edge angles and apex
spherical radius of a cutter [1, 2]. It is especially important to
ensure the necessary surface quality after machining the motor
shaft of electric vehicles and their collector-and-brush assem-
bly units, where this significantly affects the overall efficiency
of the electro-mechanical system of the vehicle [3, 4] with an
electric drive [5, 6]. There are certain peculiarities when pro-
cessing parts from different materials [7]. The term “surface
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quality” is a complex of the following characteristics: rough-
ness (microgeometry); waviness; structural condition (tear,
microcracks, structure refinement); hardening (peening) of
mat surface (depth and degree of cold work); residual stresses
(depth, magnitude and sign). Therefore, by roughness is un-
derstood the set of irregularities located within the base length.
Deviations within a size larger than the standard portion refer
to shape deviations and are not considered in this work.

In addition, the quality of the part, which determines its
operational criteria, is mainly formed at the final operation.
Such an operation, in most cases, is grinding, as one of the
methods of oversize mechanical removal providing a high lev-
el of accuracy and quality of the processed surface. The degree
of realization of the potential capabilities of this method de-
pends on how well the characteristics of the grinding tool are
combined with the processing conditions. After mechanical
processing of the shaft with cutters, it is necessary to include
the grinding operation in the technological process to obtain
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the specified dimensions with high accuracy and achieve a
minimum surface roughness. Use of appropriate abrasives is of
decisive importance in this operation.

Analytical research survey. An important factor that inter-
feres with the mathematical description of roughness is its ir-
regularity, which occurs due to the physical features of surface
formation methods. Therefore, for mathematical modeling of
surface roughness it is necessary to use probability-theoretical
methods. Most often, roughness is considered as a determinis-
tic set of non-uniformities similar in size and shape. There are
dependencies based on the analysis of the kinematics of the
machining process and the geometric shape of the cutting part
of the tool [2, 8]. In this view, the influence of all random
components of the process is not taken into account and does
not correspond to reality.

Therefore, there were developed formulas for calculating
roughness obtained empirically. Such models have disadvan-
tages inherent in empirical dependencies and, in addition,
they completely neutralize the influence of technological fac-
tors on the roughness structure formation, since information
about such a structure is lost [9, 10].

Purpose. The objective of this work consists in the study of
the roughness of traction motor shaft during turning, depend-
ing on the magnitude of the main cutting edge angle, the feed
and the rounded-off radius of the cutter. At the second stage,
we are to justify the choice of an abrasive tool with desired cut-
ting properties.

Methods. Formation of the machined surface roughness of
the traction motor shaft of electric vehicle can be represented by
a simplified model as an expansion of the real profile on the de-
terministic and random components. In mechanical engineer-
ing, measurements of deviations of profile irregularities are pro-
duced on the parts’ surface in a plane section, normal to the base
surface within a length /, which represents a straight line in the
measurement plane. To evaluate and standardize the roughness
quality according to the ISO 4287 and DIN 4768 standards, the
following parameters were set: Ra, Rz, Rmax — high-altitude;
Smi, Si — stepwise; fp — parameter of profile bearing length ratio.

The parameters Ra and Rz are statistical, and represent the
average height of the profile irregularity of the random process
x(f), provided that it is centered relative to the baseline m. The
value of Ra is most often used in the study of the work of mat-
ing parts in the running-in process. The parameter Rz is used
in the design documentation for assigning clearance allowance
and characterizes technological errors. The influence of fac-
tors Smi, Si, tp on the roughness of the machined surface is not
considered in this paper.

The value of Rz is influenced by the quantities which are
determined by the kinematics of movement and tool geome-
try, oscillatory motion of the tool, inelastic deformation in the
cutting zone. When turning the traction motor shaft of electric
vehicles, the deviation of the real profile from the calculated
one occurs as a result of inelastic deformation arising in the
cutting zone. These deformations are the cause of the micro-
profile violation on the treated surface. At low feeds, the
change in microprofile is significant. It causes an increase in
microroughness height of the machined surface of the shaft
and increases the role of random component [10, 11].

The separation of the variance causes into two groups leads to
a composite roughness model (deterministic periodic basis and
the random component that is superimposed on it). In addition,
it can be assumed that since the random component is a conse-
quence of numerous factors that randomly and approximately
equally affect the process of roughness formation, the ordinate
distribution of this component obeys the normal law [12].

The greatest influence on the roughness of the shaft sur-
face is exerted by the feed rate. With an increase in S feed, the
roughness also increases. In this case, when moving the cutter
along the surface of the shaft during processing with S, > S,
microrelief parameter 4 increases — h, > h; (Fig. 1). That is,
variances and depressions form on the shaft surface.

The scheme of influence of the magnitude of the main cut-
ting edge angle ¢ and end cutting edge angle ¢, of the cutter on
the microrelief of the treated surface is shown in Fig. 2. With
the same feed .S, and angles ¢ < ¢', @, < ¢ the microrelief pa-
rameter 4 increases — /1, > h;.

The apex spherical radius of a cutter R also affects the mi-
crorelief of the shaft surface during processing. With the same
feed rate .S,, identical values of the main ¢ and end ¢, cutting
edge angles spherical radius R, < R, the value of /4 will in-
crease — h; > h, (Fig. 3).

Considering the influence of these factors, experimental
studies were carried out when turning the traction motor shaft
with a diameter D of 70 mm, a feed S, equal to 0.2 mm/rev, a
cutting depth t of 1.5 mm, end cutting edge angle ¢, at a level
of 45°, the main cutting edge angle ¢, in the range from 30 to
60°, apex spherical radius of a cutter R, equal to 0—0.2 mm. An
analysis of the results showed that for R < 0.1 mm, an increase
in the value of the main cutting edge angle ¢ in the range from
40 to 60° leads to an increase in the roughness of the shaft sur-
face. In this case, the apex spherical radius of a cutter and its
side edges will be the deterministic component of the param-
eter Rz. On the other hand, this component will be formed
only by the spherical radius R > 0.1 mm without the participa-
tion of the main cutting edge angle (Fig. 4).

Thus, in order to obtain the required value of surface rough-
ness during machining of the traction motor shaft, it is necessary
to assign rational parameters of the cutting conditions. In our
case the cutting tool should be selected with apex spherical radius
R < 0.1 mm and the main cutting edge angle ¢ from 30 to 50°.

At the same time, for the shaft surfaces on which the bear-
ings will be fixed, the roughness requirements are even stricter.
Only chiseling is not enough. Therefore, in the technological
process, a grinding operation with the use of abrasive wheels is
used [13]. For these operations, the most common is an abra-
sive tool vitrified with electrocorundum. It is used in the pro-
cessing of machine parts from various steels and allows obtain-
ing a given surface roughness at minimal cost. The main disad-
vantage of this tool is a tendency to burns and low perfor-
mance. In our case, it is recommended to use an abrasive
wheel made of electrocorundum grade 24A on a ceramic bond

S S,

a b
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Fig. 3. Microrelief of the shaft surface at R, < R,
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Fig. 4. The dependence of the roughness parameter Rz on the
main edge angle @ of the cutter depending on the radius r:
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V for processing wear-resistant steel. The optimal parameters
of this cutting tool in the appropriate processing conditions
include granularity, hardness and structure.

Also, when choosing the wheel grain size it is necessary to
take into account the resistance of the circle, the given accu-
racy and surface roughness, and the properties of the material
being processed. The removal of material from the processed
shaft is carried out using the cutting surface of the wheel
(CSW), the desired relief of which is achieved by grinding in a
certain mode. Wheel dressing is carried out on appropriate
modes with diamond-coated insert, rollers, and others.

After grinding the CSW characteristics of the abrasive wheel
are modified by the geometry parameters of the cutting surface
relief [ 14, 15]. The main ones are the profile bearing length ratio
1, and mean height of profile irregularities in crests /,. The infor-
mation about the wheel surface relief after grinding is obtained
by a method for probing with diamond stylus. In contrast to
standard methods, the method of straight-line profiling along
the same path after dressing and grinding was used. This will
allow developing and choosing an abrasive wheel with high
structure, which will increase the productivity of machining.

Thus, it is necessary to establish rational geometric param-
eters of the cutting surface of the wheel to predict the cutting
properties and a reasonable choice of its characteristics. The
solution to this problem was based on profiling of the cutting
surface of vitrified bonded aluminum oxide wheel. The study
was conducted on a specialized research facility, created on
the basis of surface grinding machine. The characteristics of
grinding wheels varied as follows: grain size — 80, 60, 46; hard-
ness — H, J, L; structure numbers — 5, 8, 11. To achieve this
goal, three series of one-factor studies of the relief of the wheel
cutting surface were carried out. The approximation of the ex-
perimental dependences is applied by the methods for deter-
mining the exponent for the argument and the selection of the
correction coefficient for hardness.

It was found that as the graininess increases, a substantial
decrease in the bearing length and an increase in the distance
between the profile peaks occur. Grinding wheels with greater
hardness have a greater value of the bearing length and a small-
er distance between the profile peaks. An increase in the num-
ber of the wheel structure leads to a slight decrease in the bear-
ing length and an increase in the distance between the peaks.
Grinding wear-resistant steels features a certain increase in the
profile bearing length, and the average distance between the
profile peaks remains almost unchanged. The main reason for
limiting the redress life of aluminum oxide wheel is the forma-
tion of worn place of grains (for wheels with grain size number
60 the profile width of worn place reaches from 0.03 to
0.05 mm, and the total number of dull grain is about 30 %).
When processing experimental studies, the following parame-
ters were determined:

- profile bearing length on the level p

n

2.5
t = i=1 .

r L ’

- mean height of profile irregularities in crests

==,

p
Zp

n

where pr,- is the total length of peak section; z, is the num-
i=1

ber of grain peaks.

The analysis of the influence of the parameters of the char-
acteristics of vitrified bonded aluminum oxide disk (grain size,
hardness, structure) on the profile bearing length ratio #, and
average distance between grains /, along the relief depth p after
dressing CSW was made. Based on the obtained experimental
data and their approximation, dependencies are defined and
shown in Figs. 5—8.

It was established (Figs. 5, 6) that the grain size of the
abrasive wheel has a significant effect on the bearing length 7,
of the cutting surface relief and on the average distance be-
tween grains /,. For example, with a grain size of 46 (nominal
abrasive grain size d = 0.4 mm), the parameter 7, is two times
less than that with a grain size of 80 (nominal abrasive grain
size d = 0.16 mm). And the parameter /,, on the contrary, is
3.5 times greater for a grain size of 46 compared to a grain size
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Fig. 5. The effect of grain size (80, 60, 46) and the depth p of the
cutting surface relief of the grinding wheel on the bearing
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Fig. 6. The effect of hardness (H, J, L) and the depth p of the
cutting surface relief of the grinding wheel on the average
distance between grains I, of its relief
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Fig. 7. The effect of hardness (H, J, L) and the depth p of the
cutting surface relief of the grinding wheel on the bearing
length t, of its relief
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Fig. 8 The effect of hardness (H, J, L) and the depth p of the
cutting surface relief of the grinding wheel on the average
distance between grains |,

of 80. This effect of graininess is explained by the limitations
that are imposed by the composition of the molding com-
pound in the manufacture of abrasive wheels.

Grinding wheels with a hardness H are characterized by a
lower value of the parameter #, in comparison with abrasive
wheels with hardness L. When comparing the parameter /, its
greater value for grinding wheels with hardness of H and its
smaller value for L is noted (Figs. 7, 8).

It has been established that the main factor limiting the pe-
riod of resistance (time to use) of electrocorundum abrasive
wheels during dry grinding of hardened high-speed steels ac-
cording to the criterion “burn” of a grinding surface is the
grain-tip blunting at the zero level of the relief with the forma-
tion for grain size from 80 to 46 (ISO 8486) the relief worn place
from 0.03 to 0.05 mm, depending on the grinding conditions.

Compared with the relief parameters of the wheel cutting
surface, defined by the probabilistic-analytical method, the
process of diamond trueing in the frame creates a less devel-
oped discrete relief with less sharpening of the corrected grain
profile and a large number of grain tops per unit area, which
helps to stabilize the cutting ability of abrasive wheels.

The detected pattern formation and description of the CSW
relief allow further move to specified calculations of the number
of active grains in the wheel-workpiece contact, the thickness of
the cut by individual grain and the components of the cutting
force during grinding, which, ultimately, will lead to an increase
in the quality of processing the traction motor shaft.

Research is also relevant for shafts of vehicles with hydro-
mechanical gears [16, 17]. In terms of the vehicle flow distri-
bution the optimal machine parts’ life-time can be calculated.
As a result, the use of the lubricants might be substantiated
with the mathematical description of the influence on me-
chanical parts reliability [18].

Conclusions.

1. The influence of the random component on the rough-
ness of the machined surface was revealed for different feed
rates and cutting tool geometries when machining the traction
motor shaft of electric vehicles.

2. To obtain the required surface roughness during ma-
chining of the traction motor shaft of electric vehicle, rational
parameters of the cutting tool are established. Apex spherical
radius of a cutter R < 0.1 mm and the main cutting edge angle
¢ from 30 to 50°.

3. It was experimentally established that with an increase in
the wheel grain, a substantial decrease in the bearing length
and an increase in the distance between the profile peaks occur.

4. The main factor limiting the period of resistance (time
to use) of electrocorundum abrasive wheels during dry grind-
ing of hardened high-speed steels according to the criterion
“burn” of a grinding surface is the grain-tip blunting at the
zero level of the relief with the formation of the relief worn
place from 0.03 to 0.05 mm for the grain size from 80 to 46
(ISO 8486), depending on the grinding conditions.

5. Patterns of formation and description of the cutting wheel
face’s relief allow further moving to specified calculations of the
number of active grains in the wheel-workpiece contact, the
thickness of the cut by individual grain and the components of

the cutting force during grinding, which, ultimately, will lead to
an increase in the quality of processing the traction motor shaft.
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Moaenb IOPCTKOCTI MOBEPXHIi 32 TOKAPHOI
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Mera. JJocaimkeHHsT IOPCTKOCTI MOBEPXHi MPU TOKap-
Hilt 00poOIli BasiB TSTOBUX JBUTYHIB €JIEKTPOMOOLIB ¥ 3a-
JIEXKHOCTI Bill BEJIMYMHU TOJJOBHOTO KyTa y TIJIaHi Ta paaiyca
320KpYIJIEHHS pi3lsl. AHaJli3 BIUIMBY MapaMeTpiB xapakTe-
PUCTUKM €JeKTPOKOPYHIOBUX abpa3uBHUX KPYTiB Ha Kepa-
MiuHii 38’5131 Ha Mpodijab peabedy MOBEPXHi Mic/sl MPaBKU
1uTihyBaIbLHOTO KpyTa.

Meromuka. basyBanacsi Ha iCHYIOUMX €MITIpUYHUX 3aJIexkK-
HOCTSIX, 1110 OITMCYIOTh MPOdiJib 00pOOII0BAHOT TTOBEPXHI AeTali
MPU TOKApHiii i nutidyBasibHOI 006poOili. [Ipy 1iboMy BUKOpHC-
TOBYBAJIVCSI TEOPETUKO-IMOBIPHICHI METONIM T2 METO/IU TIPSIMO-
JliHiitHOTO MpodinorpadyBaHHs 10 i micas nuTihbyBaHHS.

Pe3ynbraTn. HeperyisipHiCTb 1IOPCTKOCTI MOBEPXHi, 1110
BUHMKAE TTiCJIsI TOKAPHOTrO 0OpOOJIEHHS BaJliB TSTOBUX IBU-
TYHIB €JIeKTpOMOOiIiB, CYTTEBO BIUIMBAE Ha BUOIp reome-
TPUYHUX TapaMeTpiB pizajJbHOro iHCTpymeHTy. HaiiGinbi
YacTO MIOPCTKICTh PO3IISINAETHCS SIK NIETEPMiHOBaHA CYKYTI-
HIiCTb OTHAKOBMX 3a po3MipaMu Ta (hopMoIo HepiBHOCTei. Ic-
HYIOTb 3aJIE3KHOCTI, MOOY/I0BaHi 3 aHai3y KiHEMaTUKU MPO-
1iecy o0poOku Ta HOPMU PixKydoi YaCTUHU iHCTPYMEHTY. Jlo-
HUTBHO po3risgaatv Mpodiab IOPCTKOCTI 00poOJIeHOT Mo-
BEPXHi IeTalli IK CyMy BCiX BUITAIKOBUX BiIXUJIEHb, HAKJIa e~
HY Ha igeaJbHUIi, T€OMETPUYHO pO3paxoBaHUIl MPOdiib.
ITpu upomy mnpodisb HIOPCTKOCTI MaTUMe HMOBIpHiICHUI
XapakTep, 110 OYB c(popMOBaHUI1 y pe3yIbTaTi CKIaJHUX CTO-
XaCTUYHMX TPOLECIB, SIKi BiIOYBAIOTHCS il YaC MeXaHiqYHOL
00po0OKU. 3ajiexKHO Bil (Di3MYHUX SBUILL, 11O CYTTPOBOIXKYIOTh
nporiec oOpoOKM MaTepialy, piBHi BUIIAAKOBOI CKJIAIO0BOL
TMOBUHHI KOPEKTYBATUCS 3aJI€XKHO BiJl IIBUAKOCTI pi3aHHS.

HaykoBa HoBu3Ha. Yrepilie po3podjieHa KOMIO3ulliiiHa
MOJIeIb IIOPCTKOCTI MOBEPXHi 3 YypaxyBaHHSIM BIUIMBY BU-
MaJKOBOI CKJIA[IOBOI Ha TEOMETPUYHI TapaMeTPU Pi3aJIbHOTO
iHcTpyMeHTy. [TpoBeaeHo aHali3 BIUIMBY MapaMeTpiB XxapakK-
TEPUCTUKU eJIEKTPOKOPYHIOBUX abpa3WBHUX KPYTiB Ha Ke-
paMiuHiii 38’3111 Ha MPOMiJb peJbedy IicIsl MPaBKU PixKydoi
MOBEpXHi Kpyra.

IIpakTiyna 3HayumicTb. [Ipu3HaUeHHS pexXMMiB pi3aHHS
3 ypaxyBaHHSIM palliOHAJLHUX TTapaMeTPiB TOJIOBHOTO KyTa Y
TUIaHi i pajiyca 3a0KpYIJIEHHsI TIpY BEpLIMHI pi3ls J03BO-
JINTH 3a0€3MeUYnTU HEOOXiIHY SIKICTb MTOBEPXHi IMic/asl Mexa-
HiYHOI 00pOOKHU BaJliB TSTOBUX ABUTYHIB €JI€KTPOMOOILITIB i X
IIITKOBO-KOJIEKTOPHUX BY3JiB, 110 iCTOTHO BIUIMHE Ha 3a-
raJIbHU KoedilliEHT KOPUCHOI [l eJIeKTpOMEXaHiYHOiI CUC-
TEMHM TPAHCIIOPTHOTO 3ac00y. 3aKOHOMIPHOCTI (hOpMYBaHHS
Ta OIUC peJIbE(DY PixKydyoi MOBEPXHi Kpyra J03BOJISITh YTOU-
HUTH YUCIIO aKTUBHUX 3€PEH «y KOHTAKTi KOJO — 3arOTOB-
Ka», TOBLLIMHY 3pi3y OKPEMUM 3€PHOM i CKJIaA0Bi CUJIU pi3aH-
HSI TIpU 1ILTipyBaHHI, 110 TTPU3BEIe IO IMIBUINEHHS SKOCTi
00pOOKM BaJia TITOBOTO IBUTYHA €J1€KTPOMOOIIS.

Kurouosi cioBa: moxapra oo6pobka, wiopcmiicms nosepxHi,
AKICMb N0GePXHi, NAGH Pi3ys, padiyc 3a0Kpy2aeHHs pi3us

Mogenb HIepoXoBaTOCTH MOBEPXHOCTH
NpH TOKAPHOIi 00padOTKe BAJIOB TATOBBIX
JBUTaTEN el 3JeKTPOMOOHIIEH

A. A. Boedanos, B. B. I[Ipoyus, B. A. Jlepbaba,
C. T Ilauepa

HanyoHanbHbIM TEXHUYECKUIT YHUBEPCUTET «/{HempoBcKas
MnojiuTexXHuka», r. JHenp, YKpauHa, e-mail: bogdanov.
aleksandrl7@gmail.com; protsiv@ukr.net

exb. MccnenoBaHue 1mepoxoBaTOCTH MOBEPXHOCTH TIPU
TOKapHOIl 00pabOTKe BaJIOB TATOBBIX JBUTATECH 3JIEKTPO-
MOOMJICH B 3aBUCHMOCTH OT BEJIMUMHBI TJIABHOTO YTIJIa B IjIa-
He U paJiryca CKpYIJeHUs pe3la. AHAIN3 BIUSHUS XapaKTe-
PUCTHK 3JIEKTPOKOPYHIOBBIX aOpa3sMBHBIX KPYIOB Ha Kepa-
MUYECKOU CBsSI3Ke Ha PO Wb peibeda MOBEPXHOCTH TIOCTIe
MPpaBKM HUTU(OBAIBHOTO KpyTa.

Metoauka. basupoBajiach Ha CYIIECTBYIOIIUX IMITUPU-
YECKUX 3aBUCUMOCTSIX, KOTOPBIE OMUCHIBAIOT MPOGUIb 00-
pabaThiBaeMOil TIOBEPXHOCTH JIETAIU NMPU TOKAPHOU U LILTU-
doBanbHOI 00paboTke. IIpu 3TOM KMCIOIB30BAIUCH TEOpE-
THUKO-BEPOSITHOCTHBIE METOIIBI U METOIBI TIPSIMOJIMHEITHOTO
npoduiorpaupoBaHus 10 U NOcie LTU(POBAHMSI.

Pesynbratel. HeperyasipHOCTh IIEPOXOBATOCTH TTOBEPX-
HOCTH, KOTOpasi BO3HUKAET ITOC/Ie TOKapHOil 00pabOTKHU Ba-
JIOB TSITOBBIX JBUTATENIEl 3JIEKTPOMOOMJIEH, OKa3bIBaeT Cy-
IIECTBEHHOE BJIMSIHME Ha BHIOOP FE€OMETPUYECKHUX Tapame-
TPOB pexkyliero nHcTpyMeHTa. Haubosee yacto mepoxoBa-
TOCTh paccCMaTpUBaeTCsl KakK JeTePMUHUPOBAHHASI COBOKYII-
HOCTb OJMHAKOBBIX IO pa3MepaM M (opMe HEPOBHOCTEHA.
Cyl1IeCcTBYIOT 3aBUCUMOCTH, OCTPOCHHBIC 13 aHaIM3a KUHE-
MaTHKH TIpoliecca 00paboTKK 1 GOPMBI PEXYIIEH YacTH UH-
crpyMeHTa. Lleaecoobpa3Ho paccMaTpuBaTh Mpo@UIb epo-
XOBaTOCTH 00pabOTAaHHOM MOBEPXHOCTH IETAIM KaK CyMMY
BCEX CJyYallHbIX OTKJIOHEHUI, HAJIOKEHHYIO Ha MaeabHbII
TEeOMETPUYECKU pacCUMTaHHBIN Tipoduib. [Ipu 3TOM mpo-
(ub 1mepoxoBaToCcTU OYAET UMETh BEPOSTHOCTHBIN Xapak-
Tep, KOTOPHIil ObLT C(OPMUPOBAH B Pe3yjIbTaTe CIOXKHBIX
CTOXaCTUYECKUX MPOLIECCOB, KOTOPbIE MPOUCXOISAT BO BpeMsi
MeXaHNYeCcKoil 06paboTKu. B 3aBucHMMOCTH OT (pUBMIECKUX
SIBJICHUIA, KOTOPBIE COMPOBOXAAIOT Ipoliecc 00paboTKU Ma-
Tepuaia, YpPOBHU CIyJYalHOW COCTaBJISTIOIICH MOJIKHBI KOp-
PEKTUPOBATHCS B 3aBUCUMOCTH OT CKOPOCTU PE3aHMSI.

Hayunaga HoBusHa. BriepBble pa3paboTaHa KOMIO3ULIM-
OHHasl MOJIeJIb ILIEPOXOBATOCTH MOBEPXHOCTHU C YUETOM BIIHUSI-
HUS CIIyJallHOM COCTaBIISIIONIEH Ha TeOMETpUYECKHe Tapa-
METPBI peXyIero nHcTpyMeHTa. [IpoBeneH aHaaIu3 BIUSTHYS
IMapaMeTpOB XapaKTEPUCTUKU 3JIEKTPOKOPYHIOBBIX abpa-
3UBHBIX KPYTOB Ha KepaMUYecKOil CBsi3Ke Ha Mpoduib pe-
Jbeda Tociie TPaBKMU PeXKyIIeit TOBEPXHOCTH KpyTa.

IIpakTyeckas 3HauuMocTb. HazHaueHHe pexXxnuMoB pe3a-
HUSI ¢ YIETOM PAllMOHAIBHBIX IMAapaMeTPOB INIABHOTO yIJia B
IJTaHe W paaryca CKPYIJIEHHs MPY BepIIUHE pe3iia O3BOJUT
00ecrneynTh He0OXOIUMOE Ka4eCTBO IMTOBEPXHOCTH TTOCIIE Me-
XaHM4YeCKOI 00pabOTKM BAJIOB TATOBBIX IBUTATEIIEI 2IIEKTPO-
MOOWIEe M MX IIETOYHO-KOJJIEKTOPHBIX Y3JIOB, YTO CYIIE-
CTBEHHO MOBJIUSIET HA 001N KOA(PDOUIIMEHT MOJIE3HOro Aeii-
CTBUSI DJIEKTPOMEXaHUYECKOM CHUCTEMBbI TPAHCIOPTHOTO
cpencTBa. 3aKOHOMEPHOCTH (OPMUPOBAHUSI U OIMCAHUE
penbeda pexylell MOBEepXHOCTU Kpyra MO3BOJISIT YTOUHUTh
YUCJIO aKTUBHBIX 3ePEH «B KOHTAKTe KPYT — 3arOTOBKa», TOJ-
LIMHY cpe3a OTAEJbHBIM 3¢PHOM M COCTaBJISIOIIME CUJIBI Pe-
3aHUS TIPU IDTUGOBAHUY, YTO MPUBEIET K TTOBBIIIIEHUIO Ka-
YyecTBa 00pabOTKHU BaJia TSATOBOTO ABUTATES 3JIEKTPOMOOUIIS.

Kiiouessle ciioBa: mokapras 06pabomka, uwepoxoeamocms
NOBEPXHOCMU, KA4ecmeo NOB8epXHOCMU, NAAH pe3ud, paouyc
CKpYyenenus pe3ua
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