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MODELING OF A DUPLEX MILLER AND CONDITIONS OF FORMATION OF
TREATMENT OF WHEEL PAIRS OF MAIN ELECTRIC CARDS, DUAL CARS,
ELECTRO SECTIONS

The subject matter of the research in the article is the process of restoring the quality and accuracy of the working surface of the
wheelsets of the main electric locomotives, electric sections. The purpose of the work is to develop a modeling method for a special
shaped cutter with increased productivity, designed to process the profile of locomotive railway wheels taking into account the
shaping processes, which is based on the theory of modeling the high-speed milling process through the shaping efficiency
coefficient. The article solves the following tasks: substantiation of the importance of upgrading the most promising designs of
"duplex" mills, taking into account the reduction of vibrations due to chip crushing, to increase tool wear resistance, machining
accuracy, reduce tool readjustment time and, accordingly, reduce equipment downtime, increase processing productivity, determine
the mathematical apparatus for calculating model parameters; development of a method for modeling and optimization of shaping
processes in the processing of locomotive wheel sets. Such methods were used: fundamentals of system analysis, simulation method.
The following results were obtained: the design of a "duplex” milling cutter with a predicted increase in resistance and increase in
processing productivity due to modeling of forming processes with a decrease in the sliding angle by three to five times, which was
not previously taken into account when designating and selecting cutting parameters, is provided. It is concluded that the model
design of the cutter, taking into account "duplex" and the tribological process of modeling shaping during processing, can increase the
resistance of the cutters and ensure the full operation of all cups of the cutter. The forming component of the cutting conditions was
evaluated taking into account the coefficient of efficiency of the process of forming the surface layer of the machined wheel. The
conclusion was made about the need to create new processes of shaping the design and modernization of tools. Various ways of
modeling tool systems are considered. A method for creating a "duplex" cutter model is defined. A "duplex" mill is considered and
design features of the algorithm for creating such tools are given. The functioning of the shaping parameters during the processing of
locomotive wheelsets is formalized in the form of separate mathematical models and formulas, on the basis of which a method for
modeling the process of increasing productivity and increasing the resistance of mills is described. Findings: Thus, a new method was
created for modeling the process of shaping when machining wheel sets of locomotives with a "duplex"” cutter with minimizing the
cost of operating the tool and reducing the sliding angle on the arc of cutting the cutter cup with an increase in the quality and
accuracy of processing, which makes it possible to significantly reduce the cost of preparing the production and increase processing
efficiency.

Keywords: restoration of quality and accuracy; wheelsets; mainline electric locomotives; modeling; shaping; shaping efficiency
coefficient; "duplex™ mill; optimization; mill stability; processing efficiency.

Introduction

Restoring the quality and accuracy of the working
surface of the wheelsets of the main electric locomotives,
electric sections and diesel locomotives is a rather
complicated and expensive technological operation.

During operation, wheelsets of rolling stock are
subject to significant static and dynamic loads, as well as
thermal effects during braking, which lead to thermo
mechanical damage to the rim. Damage also causes a
change in the structure of the metal, in particular, leads to
a sharp increase in the hardness of individual sections of
the processing surface. The average mileage of wheelsets
with wheels of high hardness is up to 280 thousand km to
the first turning, and wheels with standard hardness 110
thousand km.

Analysis of publications and problem statement

The process of restoring locomotive wheelsets
consists in machining the flanges of the wheel with the
raceway and for more than 60 years has been carried out
by the developed design of the cutter with cutting carbide
cups mounted in cutters. The consumption of special
shaped milling cutters used when turning solid wheels in
comparison with the processing of standard wheels
increases by 3-5 times, and the productivity of machining
decreases by 2-3 times. Processing and restoration of

wheel pairs of rolling stock of cars is carried out by rolling
out on special wheel-turning machines of model KzZh
1836M by the method of turning simultaneously with two
calipers with carbide plates and does not cause such
processing difficulties as when restoring wheel pairs of
main locomotives of electric locomotives, diesel
locomotives, electric sections.

To restore the wheelsets, special two-spindle wheel
milling machines of the mod are used. KzZh-20, KZh-
20TF1 (manufacturer - PrJSC Kramatorsk Heavy Machine
Tool Plant) and prefabricated shaped mills equipped with
carbide cutting elements - cups f12mm. Milling cutters for
wheel milling machines are produced in Belarus (Gomel
"Electromechanical Plant"), Russia (St. Petersburg, EFSI).
Cutting cups are located on one side of the cutters and
completely cover the entire track and wheel flange
[1,2,3].

In order to increase the efficiency of the wheelset
recovery process, it is necessary to solve the following
problems: justification of the importance of upgrading the
most promising designs of "duplex" mills, taking into
account vibration reduction due to chip crushing, to
increase tool wear resistance, machining accuracy, reduce
tool readjustment time and, accordingly, reduce
equipment downtime, improve processing performance,
the definition of the mathematical apparatus for
calculating model parameters; development of a modeling
method and optimization of shaping processes in the
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processing of locomotive wheel sets using system analysis
methods and simulation methods.

Justification of the importance of increasing the
efficiency of shaping wheelsets

The wheels are machined on the machine (fig. 1)
without rolling out at the same time by two mills - left and
right (fig. 2), which differs from each other by the location

of the shaped profiles of the cutters and the direction of
the bevels at their ends.

The known design of a special shaped cutter (fig. 3),
designed for processing the profile of railway wheels of
locomotives, contains a housing in the longitudinal
inclined grooves of which flat cutters are placed at an
angle T = 15 ° (fig. 4) with a shaped profile along which
cylindrical nests are installed; and cutting elements in the
form of carbide cups f12mm are fixed with screws (fig. 5).
Cutters in the cutter body are fixed with end caps using
wedges and screws [2, 3, 4, 5].

Fig. 2. Set of mills for installation on the machine mod. KZh-20TF1

At the ends of the cutters, one bevel is made at an angle to the front plane equal to the angle of inclination of the cutter in

the case (1=15°).

ul

Fig. 3. Known design of a special shaped mill
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Fig. 4. Mill cutters with carbide cutting cups-rollers

o

Fig. 5. Carbide cutting roller cups

The dimensions of the cup-rollers are given in
table 1.

Table 1. The dimensions of the cup-rollers

Dimensions, mm

L D d h
6,5 42 12

Product designation

RNUX 1212 MO TN

The design of the mill provides 10 cutters, in each
(fig. 4) of which 12-13 cutting cups-rollers are placed.
Cups in each of the cutters are shifted in axial and radial
directions in order to ensure optimal cutting conditions
and obtain the necessary bandage profile. Thus, each of
120-126 cups has an individual, different position from
others.

The advantage of the mill is that the long shaped
edge is replaced by separate small circular edges-sectors
of the cutting elements - cups fl2mm, installed
overlapping from cutter to cutter to ensure smooth
bending around the shaped profile of the wheel bandage.
This design of the mill provides a vibration-free milling
process and provides chip crushing. In addition, turning
carbide cutting elements - cups f12mm in the middle of
their wear around the axis, and also reinstalling them on
the reverse end, increases the total tool life by 8-10 times.
[1,5,6,7]

The round shape of the cutting edge of a relatively
large curvature causes errors in the machined profile in the

range of 0.2-0.5 mm, and the roughness of the machined
surface exceeds Ra = 10 um. Radial run out of bandages
in a circle reaches 0.3—0.5mm.

Hertel (Germany) proposed similar milling cutters
with a diameter of the cutting element - cup @25mm.
However, a decrease in the curvature of the cutting edge
and an increase in its length led, under conditions of thin
but wide chips, to the appearance of tool vibrations during
the cutting process. In addition, the Hertel mills are
cantilevered in the machine, as except for the cone, the
second supporting neck. They are not widely used in the
CIS countries.

The technology of milling with shaped mills
provides for the removal of the entire allowance in one
revolution of the wheel. The process of operation of the
tool occurs in fairly severe conditions due to unfree
cutting and variable hardness of individual sections of the
machined surface of the wheel bandages.

The disadvantage of the considered design of the
mill is that the blades relatively quickly (after processing
an average of 8 pairs of wheels) fail (fig. 6) due to the
intensive abrasion of the sections of their outer surface-
based rollers located between the cutting elements.
Changing the mill requires a significant amount of
working time, as the manufacture of new cutters due to
their complex design is characterized by a long cycle.
This, in turn, leads to equipment standstill and reduced
processing performance.

Fig. 6. Typical wear of the rollers and their bearing surfaces in rails
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A method for modeling the characteristics of
"duplex' milling cutters and the processes of forming
wheel sets

In the proposed new design of the mill, called
"duplex" [1, 2] on shaped cutters, additional shaped
profiles are provided, each of which is made on the
opposite side of the corresponding cutter, and the nests for
the cutting sections of the additional and main profiles are

N
o

located in the same plane so that their axes form an angle
are equal to the double angle of inclination of the cutters
in the case. Also, an additional bevel is made at each end
of the cutter, the angle of inclination of which to the main
bevel is also equal to the double angle of inclination of the
cutters in the case. In addition, the largest recess of each
additional shaped profile is made in the opposite direction
to the main direction and at the opposite end of the cutter
[1,5,7,8,9]

4 N 8

»f b"TDDD Sloy,
/)’\")41%

(A p, Ip,

Fig. 7. New duplex design of carbide shaped mill [11]

The essence of the new design of the mill is
illustrated by drawings, where fig. 7 shows a general view
of the cutter; in fig. 8 — the main view of the cutter with an
additional profile, in fig. 9 and fig. 10 — the cross section
of the cutters at the axes of the nests and chamfers at the
ends of the cutters directed under each other.

The milling cutter (fig. 7) consists of a case 1 with
inclined grooves at an angle 1, in which cutters 2 with a

( nPI

Fig. 8. The main view of the cutter with an additional profile

main shaped profile Prl and an additional profile Pr2 are
placed. Cutters 2 are fixed in the case using end caps 3
and 4, transverse screws 5, plate wedges 6 and pressure
Screws 7.

In the end cover 4, holes are provided for screws 8,
fastening it to the mill body 1 and screws 9, pressing
cutters 2 to the base ring 3 [1, 3, 10, 11, 12].

Fig. 9. The cross section of the cutter with the axis of the nests and chamfers at the ends of the cutter




122

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2019. No. 3 (9)

Cylindrical nests 1 and 2 (fig. 8, fig. 9 and fig. 10)
for cutting elements — cups f12mm are made along the
main shaped profile Pr1 and additional Pr2, and the largest

)

21

recess of the additional profile U2 is made in relation to
the recess of the main profile in the opposite direction and
at the opposite end of the cutter.

Fig. 10. The cross section of the cutter with the axis of the nests and chamfers at the ends of the cutter, directed at an angle of 2t to

each other

To ensure the use of cutters with an additional
profile Pr2 in the case of the same cutter, for example, the
maiden or right, the sockets 2 of the additional profile (fig.
9 and fig. 10) are made on the plane PI1, i.e. in the same
place as the cutters in the case — 2t. In addition, at each
end of the cutter, an additional bevel Tcl is made, which
is also inclined to the nests 1 of the main profile Prl, but
their axes are located at an angle to the axes of the nests 1,
equal to the double angle of inclination of the cutters with
respect to the main bevel Tc at an angle of 2t. Thus, after
failure of the cutters along the Prl profile, they can be
reinstalled in the housing of the same cutter to work along
the Pr2 profile based on the Tc1 bevels.

The execution of nests for cups fl2mm in an
additional profile on the same plane with the nests of the
main profile, but with an inclination of their axes at an

<

-

\J

angle of 21, provides after reinstalling the cutters in the
housing the location of the front cutting surfaces of the
cups f12mm of both profiles.

Performing additional bevels on the ends of the
cutters at an angle of 2t to the main bevels allows, after
reinstalling the cutters in the case to work with an
additional profile, to ensure the necessary fit of the ends of
the cutters to the end caps, namely, along the plane, and
not along the sharp edge.

The exclusion from the specified combination of at
least one of the listed structural elements will not allow
achieving the planned result.

The proposed design of the mill (fig. 11) can
significantly reduce the tool changeover time and,
accordingly, reduce equipment downtime, increase
processing productivity.

Dpesa npeansIHAICHA

Fig. 11. Duplex design of carbide shaped milling cutter for machining a wheel profile according to GOST 11018-87 (drawing 3)

The selection and designation of the most effective
cutting modes is based on the theory of modeling the

process of high-speed milling [8, 12, 13, 14, 15, 16]
through the efficiency of shaping Kp. (1)
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Substituting the technological processing parameters
in (1), we obtain an expression of the coefficient of
formation efficiency, convenient for theoretical and
experimental studies:

p-10°-V-Z
-z-d, -sing

arcsin[KC-

minj

. (d. —
arcsinw

fr

K = J -100%. (2)

P

where K.=0,5 when machining with carbide cutting cup

RNUX 1212 MO TN without coolant.

During milling, the variable thickness of the cut-off
layer ai is defined as the distance between two consecutive
trajectories of the cup point f12mm, measured in the
direction of the mill radius and determining the
instantaneous position of the contact angle. The thickness
of the cut is simplified by the formula (3):

& =S, ., sin¥ -sing , ©)

where s, . — minimum feed to the cutting edge of the cup

f12mm (tooth of a duplex carbide shaped mill) at which the
process of milling the wheel, flange begins.

Thus, the start of milling without coolant begins
when a > 0.5p. Then, given the value S the sliding

angle is determined y .
Sliding occurs at a certain sliding angle y, until

plastic deformations go directly from cutting from micro
cutting, i.e. when the thickness of the cut does not reach a
certain depth, relative to the introduction of a cup f12mm
having a radius of rounding of the cutting edge p.

Thus, improving the quality of the surface layer of
locomotive wheelsets, reducing roughness, significantly
increasing productivity and regulated durability of a
duplex carbide shaped mill is ensured by establishing a
fixed feed rate at which the ratio of the initial cut
thickness to the rounding radius of the cutting edge of the
mill corresponds to the smallest sliding angle.

Sample. When milling wheelsets with a duplex
carbide shaped mill with a diameter of D = 250 mm, the
number of cutters z = 10, a cutting speed of 3 m/s, and a
minute feed Sy, = 230 mm/min. feed per tooth, S, = 0.1
mm/tooth, radius of the cutting blade p = 0.25 mm, angle
of inclination of the cutter in the cutter body ¢ = 20°:

Zmin !

v =arcsin0,453216 ~ 27°,

sl min

a=0,1-sin27°-sin20° = 0.016 mm.
When gear hobbing with different values of p, the
minimum slip angles are obtained:

p=025mm, s, . =0,1 mm/tooth, ¥ =27°;
p=0.25mm, s, . =0,5mm/tooth, ¥, =5°12";
p=0.1mm, s, . =0,5mm/tooth, ¥, =526".

Thus, an increase in the machining performance of
the wheel flanges with the smallest sliding angle is
achieved in the above example for p= 0.25 mm,
S, .., =0,5 mm/tooth, ¥ _ =5°12".

The use of the developed technological regulations
for the selection and assignment of processing parameters
during high-speed milling, taking into account the
required parameters of the surface layer of locomotive
wheels, establishes optimal milling conditions under
which full participation of all mill teeth is ensured.

Determination of minimum sliding angles when
machining wheels by milling, based on the
physicochemical processes of friction mechanics, can
significantly increase the efficiency of the process of
forming wheels and the operational properties of their
surfaces.

Theoretical and experimental studies allow us to
determine the optimal sliding angles v, at which the

milling process is stable, the necessary conditions for tool
life and the quality of the machined surface with respect to
the largest contact angle of the cutter tooth y,,, with the

machined wheel.

The presence of additional shaped profiles on the
mill cutters allows for quick readjustment of the tool
without removing it from the machine by reinstalling the
cutters in the case to use additional shaped profiles and
this significantly reduces equipment downtime and
increases processing productivity.

Conclusions

1. The possibility of modeling the design of the mill
is shown, which ensures the milling process without
vibrations due to chip crushing.

2. By choosing this method of processing with a
"duplex" mill, it is possible to significantly increase the
tool wear resistance, reduce vibration loads, and improve
processing accuracy.

3. The arrangement of insert cutters of the provided
additional shaped profiles is shown, each of which is
made on the opposite side of the corresponding cutter.

4. The proposed design of the "duplex" mill can
significantly reduce the tool changeover time and,
accordingly, reduce equipment downtime, increase
processing productivity.

5.The selection and designation of the most
effective cutting modes is based on the theory of modeling
the process of high-speed milling through the coefficient
of efficiency of forming Kp.

6. Determination of minimum sliding angles when
machining wheels by milling, based on the
physicochemical processes of friction mechanics, can
significantly increase the efficiency of the process of
forming wheels and the operational properties of their
surfaces.

7.The conducted theoretical and experimental
studies allow us to regulate the optimal sliding
angles v , at which the stability of the milling process is

ensured.
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MOJIEJIOBAHHSA JYIIJIEKCHOI ®PE3U 1 YMOB ®OPMOYTBOPEHHS
OBPOBKH KOJIICHHUX AP MATICTPAJIBHUAX EJIEKTPOBO3IB, TEILJIOBO3IB,
EJIEKTPOCEKIIHN

IIpeqMeToM IOCHI/UKEHHS B CTATTi € IPOIEC BiHOBJICHHS SIKOCTI i TOYHOCTI poOOYOI HMOBEPXHI KOJICHUX Iap MariCTpanbHHUX
€JIEKTPOBO3iB, eleKTpocekliil. Mera poboTn — po3poOka METOLy MOJICIIOBAaHHA crHewianbHOi (acoHHOI ¢pe3u 3 MiABHIICHOL
MIPOYKTHBHOCTI, TIPU3HAUCHOT U1l 0OpOOKH MPodiIo 3ai3HIYHMX KOJIiC JOKOMOTHBIB 3 ypaxyBaHHIM IIpoLeciB OPMOYTBOPEHHS,
sika 6a3yeThest Ha TeOpil MOJEIOBaHHS MPOLeCy MBHAKICHOTO (pe3epyBaHHs uepe3 KoedilieHT eeKTHBHOCTI pOpMOYTBOpeHHS. Y
CTAaTTi BHPIIIYIOTBCS HACTYNHI 3aBAaHHS: OOIPYHTYBaHHS BaKIMBOCTI MOJEpPHI3allii HaHOLIBII MEPCHEKTUBHUX KOHCTPYKLIH
"mymutekcHuX" pes 3 ypaxyBaHHSIM 3HIDKEHHS BiOpaliil 3a paxyHOK OpOOJIEeHHs CTPYKKH, IiIBUIIUTH 3HOCOCTIHKICTh IHCTPYMEHTY,
TOYHICTh OOpOOKH, 3HH3UTH Yac MEpeHaJaro/KeHHsS 1HCTPYMEHTa i, BiAMOBIOHO, 3HU3WJIACS HE MPOCTOI OONAJHAHHSA, IiABHUIIATH
MIPOIYKTUBHICT OOpOOKM, BH3HAYEHHS MAaTeMaTHYHOTO arapary Uil OOYHCIICHHS IapaMeTpiB MoJeli; po3poOKa MeTomy
MOJICIOBAHHS Ta ONTHMIi3amii mporeciB (GOpMOYTBOPEHHS IpH OOpOOLI KONICHUX Tap JIOKOMOTHBIB. BHKOPHCTOBYIOTHCS Taki
METO/IM: OCHOBH CHCTEMHOTO aHali3y, METOA iMiTamiiHoro MoxemoBaHHs. OTpuUMaHi HACTYIHI Pe3yJbTATH: HaTaHO KOHCTPYKIs
"mymiekcHoi" (¢pe3d IpPO IMPOrHO30BAaHUM IiIABHINCHHSIM CTIHKOCTI 1 MiABUINEHHSIM IPOXYKTHBHOCTI OOpPOOKM 3a paxyHOK
MOJICITIOBAHHS MPOILECiB (OPMOYTBOPEHHS IPU 3MEHILICHHI KyTa KOB3aHHS B TPHU-II'SATh PasiB, IO paHiIle HE BPaxoByBajacs MPH
MpHU3HAUYeHHI 1 BUOOpi mapaMeTpiB pi3aHHA. 3poOJEHO BHCHOBOK, IO MOJEIIOBAHHSA KOHCTPYKLIi ¢pe3n 3 ypaxyBaHHIM
"TyTuIeKCHOCTI" 1 TPHOOIOTIYHMX MPOLECiB MOJCTIOBaHHS (POPMOYTBOPEHHS IpH 00poOLi TO03BOJIAIOTH MiABUIINTH CTIHKICTh (pes3 i
3a0e3MeYnTH MOBHY pOOOTY BCiX Hamok ¢pe3u. byna omineHa (opMOTBOpHA CKIIAIOBa PEXKHMMIB Pi3aHHS 3 YpaxyBaHHAM KoedilieHTa
e(eKTUBHOCTI mHporiecy (popMyBaHHs [OBEPXHEBOrO IIapy 0OpoOIIrOBaHOrO Koseca. 3po0iIeH0 BUCHOBOK HPO MOTpeOy CTBOPEHHS
HOBUX IIpoLeciB (OPMOYTBOPEHHS IPOEKTYBaHHS 1 MojepHi3amii iHCTpyMeHTiB. Po3risiHyTo pi3HI CHOCOOM MOJENIOBaHHS
IHCTpYMCHTAIPHUX CHUCTEM; BH3HAYCHWIl croci0 cTBOpeHHsS Mmoneni "myruiekcHoi" ¢pesu. PosrisHyto "myruiekcHa" ¢pesa i
MIPUBEICHI KOHCTPYKTHBHI OCOOJIHMBOCTI aTOPUTMY CTBOPEHHS TaKUX IHCTpyMeHTiB. DYHKIIOHYBaHHS ITapaMeTpiB (OPMOYTBOPEHHS
IIpu 00poOIIi KOJIICHUX Tap JIOKOMOTHBIB (pOpMai30BaHO y BUIIAAI OKPEMHUX MaTeMaTHYHHX Mojeneil i (opMys, Ha OCHOBI SIKMX
OMHCAaHWH METOJl MOJETIOBAHHS IMPOIECY MiABUIICHHS MPOTYKTUBHOCTI 1 MIIBUILECHHS CTIMKOCTI (Qpe3. BUCHOBKHM: TaKUM YHHOM,
CTBOPEHUIT HOBHI METOJ MOJIENTIOBAHHS Tpo1iecy pOpMOYTBOpEHHS MpH 00pOoOIIi KONICHHUX TMap JIOKOMOTHBIB "myriiekcHoi" ¢pesoro 3
MiHIMi3ali€l0 BUTpAT Ha EKCIUTyaTalil0 IHCTPYMEHTY i 3HIDKCHHS KyTa KOB3aHHS Ha IIy3l pi3aHHS 4damkd (pe3d 3 IiABHIICHHIM
SIKOCT1 1 TOYHOCTI OOPOOKH, IO Ta€ MOXKJIMBICTh 3HAYHO 3HM3UTH BUTPATH HA MiATOTOBKY BUPOOHHUIITBA i MiIBUIIUTH €()EKTHBHICTH
00pOoOKH.

KunrouoBi c;10Ba: BiTHOBIECHHS SKOCTI 1 TOYHOCTI; KOJIICHI ITapH; MariCTpaibHi €IeKTPOBO3H; MOJEITIOBaHH; (OpMOYTBOPEHHS;
koeoirieHT edexTrBHOCTI hopMoyTBOpeHHS; "nymiekcHa" Gppe3a; ONTUMI3aLLs; CTIHKICTh Qpe3n; epeKTHBHICT 0OPOOKH.

MOJIEJJUPOBAHUE OYIIIEKCHOM ®PE3bI 1 YCJIOBUI
®OPMOOBPA3ZOBAHUA OBPABOTKHA KOJIECHBIX ITAP MAT'UCTPAJIBHBIX
3JEKTPOBO30OB, TEIIJIOBO30B U DJEKTPOCEKIIAM

IIpeaMeTOM HCCIE0BaHNUS B CTaThe SBJISACTCS MPOLIECC BOCCTAHOBJICHHUS KaueCcTBa U TOYHOCTH paboyeil MOBEPXHOCTH KOJECHBIX Map
MaruCTpajbHBIX 3JEKTPOBO30B, siekTpocekuunii. Ileas paboTsl — pa3paboTka MeToqa MOJCIMPOBAHUS CIELHATBHOW (acoOHHOU
(pe3sl C MOBBIIIEHHON POM3BOAUTENILHOCTH, TIPeHA3HAYSHHOM 17151 00pabOTKH MPoduIIs jKeNIe3HOJOPOIKHBIX KOJIEC IOKOMOTHUBOB C
yd4eToM TporeccoB GopmMooOpa3oBaHusi, KOTopas 0a3uUpyeTcsi Ha TEOPHH MOJEIMPOBAHHS Mpoliecca CKOPOCTHOTO (hpe3epoBaHuUs
4yepe3 kodhduimeHt sddexTrBHOCTH (popmMooOpazoBaHus. B craTee pemraroTcs cieayronpe 3agadd: 0O0OCHOBaHHE Ba)XKHOCTH
MOJICpHU3AIMH HanboJiee MEePCIEeKTUBHBIX KOHCTPYKIUH "myriiekcHbIX" dpe3 ¢ yd4eroM CHIDKeHHs BHOpaiuil 3a c4er ApoOieHHs
CTPYXKKH, IIOBBICHTh HM3HOCOCTOMKOCTh HHCTPYMEHTa, TOYHOCTh OOpabOTKH, CHU3UTh BpeMs IEPEHANaJKH HHCTPYMEHTa W,
COOTBETCTBEHHO, CHM3aTh MPOCTOM O0OPYIOBaHUsS, TOBBICHTH ITPOU3BOJUTEIBHOCTh OOpaOOTKH, OMpENeIeHHEe MaTeMaTHYeCKOro
ammapaTta Ui BBIYMCJICHHS [apaMeTpoB MOJENH; pa3paboTka MeTolJa MOJEIMPOBaHHS M ONTUMH3ALMH  IPOLECCOB
(dbopmooOpazoBanust mpu 00pabOTKE KOJECHBIX Map JOKOMOTHBOB. VICIOJB3YIOTCSl Takue MeTOAbI: OCHOBBI CHCTEMHOTO aHAM3a,
METOJ MMHUTAIIMOHHOTO MojeanpoBaHusi. [lonydeHsl crieqyone pe3yabTaTsl: [IpenocrtaBieHa KOHCTpYKIUS "IyIIeKCHOH" Gpe3b
0 TPOTHO3UPOBAHHBIM IOBBIIMICHHEM CTOMKOCTH M IOBBIIICHHEM IPOM3BOAUTEIFHOCTH OOpabOTKH 3a CYET MOJCIHPOBAHUS
nporeccoB (HopMooOpa3oBaHus IPU YMEHBIICHUH YIila CKOJBKEHHsS B TPU-TIATH pa3, YTO paHee He YUUTHIBAIOCH IPH Ha3HAYCHUH U
BEIOOpe mapameTpoB pe3aHusa. CraemaH BBIBOA, YTO MOJEIHPOBAHHE KOHCTPYKIHMH (pe3bl C ydeToM "OyIuieKcHocTH' ¢
TPUOOJIOrHYECKOro Tpoliecca MOJeIupoBanHus (GopMooOpazoBaHus Npu 00pabOTKE MO3BOJIIFOT MOBBICHTH CTOHKOCTH (pe3 H
obecrieynTh MONHYIO paboTy Beex yamiek ¢pesbl. Beita oreHeHa (hopMooOpasyromas COCTaBIAIIAs PSKIMOB PE3aHUsI C YIETOM
ko3¢ duireHTa 3¢hGeKTUBHOCTH mporecca (HOPMUPOBAHMS ITOBEPXHOCTHOTO cJosi oOpabaTbiBaeMoro koieca. CrenmaH BBIBOA O
HOTPEOHOCTH CO3JaHHs HOBBIX HPOIECCOB (GopMOOOpa3oBaHHsl MPOSKTUPOBAHHS U MOJCPHU3ALMH HHCTPYMEHTOB. PaccMOTpeHb
pa3IMYHbIe CIIOCOOBI MOJECIMPOBAHUS WHCTPYMEHTAJBHBIX CHCTEM; OINpEACNEH CHOCO0 CO3[AaHHs MOJENH "yIJIeKCHOH" ¢pesbl.
Paccmorpena "nmymnekcHas" ¢pe3a M NMPUBEICHBI KOHCTPYKTHBHBIE OCOOCHHOCTH ATOPHTMa CO3JaHUS TAKUX HHCTPYMEHTOB.
OyHKIHMOHUPOBAaHHE IMapaMeTpoB (OpMooOpa3oBaHus MpU 00pabOTKE KOJECHBIX Map JIOKOMOTHBOB (OPMalIn30BaHO B BHIC
OTZENbHBIX MaTeMaTH4eCKuX Mojened u (GopMys, Ha OCHOBE KOTOPBIX OMNMCAH METOJ MOJECIMPOBAHHUS IIPOLECCAa MOBBIILICHHE
MIPOU3BOJUTEIFHOCTH U TOBBIMEHHUS cToHKocTH (pe3. BeiBoabl: TakuM 00pa3oM, co3JaH HOBBIM METOJ MOJEIHPOBAHHS IIpoliecca
(dopmooOpazoBanHust Ipu 00pabOTKe KOJIECHBIX Map JIOKOMOTHBOB "IYIUIEKCHOH" (pe30il ¢ MUHUMHU3aKel 3aTpaT Ha SKCIUTyaTaluio
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MHCTPYMEHTA M CHIDKEHHUS YIJla CKOJBXKEHUS Ha Ayre pe3aHus Yallku (pessl ¢ MOBBIICHHEM KaueCTBa U TOYHOCTH 0OpPabOTKH, 4TO
J1aeT BO3MOXKHOCTb 3HAYUTENBHO CHU3UTh 3aTPAThl HA MOATOTOBKY IPOM3BOACTBA U NOBBICUTH 3 (HEKTHBHOCT 0OPabOTKH.

KiioueBble €JI0Ba: BOCCTAHOBIICHHSI Ka4eCTBA M TOYHOCTH; KOJIECHBIC Mapbl; MArMCTPAIbHBIC 3JEKTPOBO3bI; MOJICIUPOBAHHE;
(bopmoobpaszoBanue; koddduiment rpdexruBHOCTH GopMooOpazoBanus; "myruiekcHas" (pesa; ONTUMHU3ALUS; CTOHMKOCTh (pe3br;
3G PEKTUBHOCTH 00PAOOTKH.

bibnioepaghiuni onucu / Bibliographic descriptions

[anosano B. @, [Tepmsikor O. A., Kinouko O. O. MonemoBanHs IyIuiekcHOT ¢pe3n i yMOB (OpPMOYTBOPEHHS 0OpOOKH
KOJIICHUX T1ap MariCTpajbHUX €JIeKTPOBO3iB, TEIUIOBO3IB, eNEKTpoceKid. Cyuachuti cman Haykosux 0ocniodicenb ma MmexHonio2lll 6
npomucnosocmi. 2019. Ne 3 (9). C. 118-126. DOI: https://doi.org/10.30837/2522-9818.2019.9.118.

Shapovalov, V., Permyakov, A., Klochko, A. (2019), "Modeling of a duplex miller and conditions of formation of treatment of
wheel pairs of main electric cards, dual cars, electro sections”, Innovative Technologies and Scientific Solutions for Industries,
No. 3 (9), P. 118-126. DOI: https://doi.org/10.30837/2522-9818.2019.9.118.




