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Cucmemnvlti  npoyecc co30anus 1100020 aA8MOMOOUNSL Npemepnesaem
amansl KOHYenmuposauus, paspabomku u unoycmpuaiuzayuu. Haubonee
BAJNCHBIM IMANOM A6 KOHYenmuposanue, on xopouiel npopabomku
Komopoeo Oyoem 3agucemv COBEPUIEHCIEO U KAYECTNBO MEXHUUECKO20
00uKa Koneyno2o npodykma. Haubonee xoncepsamusHuvlil 1 K1accuueckutl
npoyecc NpoeKmuposanusl 6HOGb CO30ABAEMO20 ABMOMOOUNSL OCHOBAH HA
uccareoosanuu anano208. OCHOBONONALAIOWUM UHIHCEHEPHBIM 80NPOCOM 8
npoyecce npoeKmupo8aHusl sIGISIEMcs NPAGUIbHLLIL 6b100p, UHMePpnpemayus
U MOOEUPOBAHIUE HAZPY3OUHBIX PENCUMOS OISl KACKAOUPOBAHUSL HAZPY30K NO
6CeM KOMNOHEHMAM CUNOBOU cmpykmypsl waccu asmomooduns. Om
Kauecmea U KOIUYECMBA UCXOOHLIX OAHHBIX NPU  MOOETUPOSAHUU
HazpysicenHocmuy  6ydem  CUNbHO — 3A8UCEmb  MeXHU4YecKull O0OaUuUK U
KOHCMPYKMUE KOMNOHEHMO8 CUN080L CMPYKMYpbl, 00HAKO npobiema
0ocmogepHOCIU HASPY30K 6Ce20d OCMAemcs OCmpol U aKmyaibHou. B
VCI08UAX, K020 UCXOOHble OAHHblE 8 GUOe IKCHIYAMAYUOHHBIX HAZPY30K
0151 BHOBb €O30A8AEMO20 ABMOMOOUIISL OMCYMCIMEYION, MONCHO ONUPAMbCA
HA UCCIE008aHUE MEXHUYECKO20 O00AUKA U KOHCMPYKMUBA KOMHOHEHMO8
asmomodbuneli-ananoeos. 1lo0obHoe ucciedosanue Moxicem NO360IUMD
cpopmuposams HASPY30YHbIE PENCUMbL U AOANMUPOBAMb UX YPOBEHbL NO
Kpumepusiv  BpOYHOCMU U  O0J208€YHOCMU, 4MOObL  2aPAHMUPOBAHHO
NOAYHUMb CUTIOBVIO CIPYKIMYPY KOMNOHEHMA He Xyoice, yeMm y aunaioed. B
pamkax O0eMOHCmpayuu npeumyuwjecmg nooxooa 6 OauHOU pabome
NpUBOOUMCs  NpoYecc pa3eumusi OPUSUHANbHOU 2e0OMEMpPUuU  HeCyujux
Ppbluac08 MexampoHHOU MPAHCMUCCUU 2PY308020 ABMOMOOULA Ha Oase
UCCNe008aHUsL  KOHCMPYKYUU-AHAN02A — 3apYOed’CHO20  Npou3gooumers.
Hosusna pabomuvr  3axkmouaemcs 6 noayueHuu 6oaee COBEPUICHHOU
KOHCMPYKYUlU HECYWUX pbludae08 No YOeibHbIM NOKA3AMenaM NPOYHOCMU U
doszogeunocmi, umo Gopmupyem mpeHo 9Hepeemu1ecKou
sgppexmusnocmu. Pesyniomamom OaHHOU pabomvl SA6I1emcsi  00uwas
deMoHCmpayus — NpeuMywecms — NpuMeHenus — Memood — «0Opamuou
paspabomkuy — Ha  npumepe  NPOEKMUPOBAHUSL — HECYUUX — Pbludeo8
MEXAMPOHHOU — MPAHCMUCCUU  2PY306020  ABMOMOOUNL, a4  MAKdHCce
noomeepoicoeHue  a0eKk8AMHOCMU U O0DOCHOBAHHOCMU — NPUMEHSeMbIX
Memooo8 MoOenuposanus HazpydlceHnocmu. Llenvro pabomoer sensemcs
pazeumue Memooo8 NPOeKMUpoSanus u HaApabomxa onvima 6 00adAcmu
PACUEMHbIX UCCIe008AHUL 3d CHem UCHOAb3068AHUL Memood «0OpaAmHoU
paszpabomxuy.
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Paboma evinonnena npu ¢unancosoii noddepacke Munucmepcmea Hayku u svicuie2o obpaszosanus Poccutickotl

Dedepayuu  no coenauwenuro om 30.09.2022 ..

No075-15-2022-1198 ¢ @DI'FOY BO «Kysbacckuil

eocyoapcmeennvili mexnuieckuil ynusepcumem umenu T. @. Iopbauesa» KomniexcHoil HayuyHO-mMexXHUYECKOU
npospammuvl NOJIHO20 UHHOBAYUOHHO20 yukia «Paspabomka u enedpenue KOMNieKca MexHoNo2ul 6 oo1acmsix
pazeeoku U 000bluU  MEEPObIX NOAE3HbIX UCKONAeMblX, 0becneueHus NpOMbIUIEHHOU 6e30nacHoCcmu,
ouopemeouayuy, CO30aHUsL HOBbLIX NPOOYKMOG 2IyOOKOU NnepepabomKu U3 YeoibHO20 Cbipbs Npu
NOCIe008AMENbHOM CHUIICEHUU IKONOSUYECKOU HASPY3KU HA OKPYICAIOWYIO Cpedy U PUCKO8 OJsl JICUSHU
nacenenusiy (KHTII «Hucmotii yeone — 3enenwiti Kyzoaccy) ymeepoicoennoil pacnopsocenuem Ipasumenscmea
Poccutickoii @eoepayuu om 11 masa 2022 2. Ne 1144-p 6 pamkax pearuzayuu meponpuamus «Paspabomka u
co30anue 6ecnuiomHO20 KapbepHO20 CaMOC8Ad YeIHOYHO20 Muna epy3onoovemuocmoio 220 monny 8 wacmu
BbINOTHEHUS] HAYUHO-UCCAEO08AMeNbCKUX U ONbIMHO-KOHCIMPYKIMOPCKUX pabom.

BBenenue
Ha ¢ore 3HAUNMOCTH TPOOIEMBI IKOJIOTHIECKOH
0C30MaCHOCTH ~ COBpPEMEHHOE  MAaIlIHHOCTPOCHHE

UMEeT TEHACHIMIO pa3BUTUS B  HANpaBICHUU
anekTpudukanmu. [ rpy3oBeIX aBToMoOWIel u
aBTOOyCOB B OTOM HAlpaBlICHUH OJHUM U3
XapaKTepHbIX A(PQEKTUBHBIX PELICHUH SBISETCS
TPEHX pa3BUTHS MEXaTPOHHBIX  TPAaHCMHUCCHUH.
MexaTpoHHBIE TPAaHCMHCCUH TPEICTABISIOT cOOOU
KOHCTPYKLIMIO, TJi€ TATOBBIH  MOTOP-PEAYKTOP
MHTETPUPOBAH B CHJIOBYIO KOHCTPYKIIHIO BEIYIIETO
MOCTA. [JanHoe TEXHHYECKOE penieHue
IpearnoaraeT YMEHBILICHHAE KOJINYEeCTBA
MEXaHWYECKHX TMepeAady, 4YTO OTPaKaeTrcs Ha
3HAYUTEIbHOM CHWDKEHHH TIOT€PH  MOIIHOCTH.
MexaTpoHHBIE TPaHCMHUCCUHU obnamatoT
OIpeJIeJICHHBIMM  TIPEMMYIIECTBAMH B BOIIpOCE
KOMITOHOBKH, ITOCKOJIbKY IIO3BOJISIFOT TPAaBUIIBHO

nepepacrpesieNiuTh ~ MeCTo B IIPOCTPAHCTBE
TPOEKTHPOBAHUSL.
HaHpaBHeHI/IeM pasBUTHUA MEXaTPOHHBIX

TPAaHCMHUCCHI 3aHUMAIINCh TaKUE OTEYECTBEHHBIC U
3apyOexkHble uccnenoarend, kak . O. Kotues [1-
2], A. b. Kaprawos u P. JI. I'a3uzymun [3-4], E. C.
Ikapynenos [5], H. B. bysynos [6], A. C. I'yces
[7], b. B. Magankun [8], M. P. Rossey u E. A.
Vaughan [9], T. G. Devreese u W. W. Galoppin
[10], C. Keeney u M. C. Smith [11], P. Garcia [12] u
MHOTHE ApyTHE.

ITpoexTupoBanue CHJIOBOH CTPYKTYPBI
MeXaTPOHHBIX TPaHCMHUCCHH, OTBEYAONINX
9KCIUTyaTaI[HOHHBIM TPEeOOBaHUSAM MPOYHOCTH U
JIOJITOBEYHOCTH, CTAaHOBUTCA Bce Ooyiee CIIOKHON
WH)XEHepHOW 3anadeil. TpeOoBaHWS COOTBETCTBUS
HEOOXO0ANMBIM KpUTEPUSIM MPOYHOCTU u
JIONTOBEYHOCTH B 00JAacTHM  MalIMHOCTPOCHHS
CTaHOBATCA Bce Oojee TPYAHOJOCTHKHMBIMH.
Habmonaercst oOmiast TeHAEHIMS SHEPreTHYeCKOn
3G peKTUBHOCTH  MyTeM CHIDKEHHS  MacChl
KOMIIOHEHTOB ¥ cucTeM. JlaHHas TEHICHIUA
CTAaHOBUTCA BO3MOXXHOW B TOM 4YHCIIE 3a CYET
pa3sBUTHA H  COBEPIICHCTBOBAHUS  TEXHOJIOTHHA
M3TOTOBJICHUS W MPOEKTHPOBAHUS KOMITIOHEHTOB, a
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TaKKe 32 CYET PAa3BUTHUSI PACUYCTHBIX METOMOB.
Hawubosee npaBuiibHBIM MOIX0I0M MPOCKTHPOBAHHS
SBJSIETCS  TMOJAXOJM 0a3MpoBaHMs HAa aHAlOrax,
0coOeHHO Ha (JOHE HeIOCTATOYHO OOOCHOBAaHHBIX U
MPUMEHSICMBIX METOJIOB MoJenupoBanus. [lanHas
CTaThs HOCHT XapaKTep JACMOHCTpPAIlMM M aHalu3a
PaIMOHATIBHOTO MOIX0/a MPOCKTUPOBAHKS PHIYaroB
MEXaTpOHHOM TpaHCMUCCHMM Ha 0a3e Merona
«obpaTHOM  paszpaboTkm» (Cc  aHIN.  «reverse
engineering»). Vcnonp3oBaHue Metoaa «0oOpaTHOU
pa3paboTKu» JaeT MO MEHbIIeH Mepe BO3MOXKHOCTh
MPOBEPKH aJICKBATHOCTH MPUMEHSEMBIX PaCUCTHBIX
METOJIOB M O0ECIeYCHHE CPaBHUTEIBHO JIyUIIUX
VACNBHBIX IIOKa3aTeNel MPOAYKTa, 4YTO TaKXkKe
MOXET  CIYy)XUTb  OJHMM W3  BapUaHTOB
MOATBEPXKICHUST ~ aJeKBATHOCTH  MPUMEHSAEMBIX
PSKHMOB  MOJCIMPOBAaHHUS  HATPY)KCHHOCTH U
KpUTEPHEB WX  OLEHKH.  ABTOpbI  CTaThbu
3aMHTEPECOBAHBI B BOMPOCE BhIOOpA pariMOHaIbHBIX

METOZIOB  NPOEKTUPOBAHUS  [UI1  JOCTHXKCHHUSA
HaWIyd4lllero  pe3yJbTara ¢  TOYKH  3pCHHSA
COOTBETCTBUSI ~ TpeOOBaHMAM  IPOYHOCTH U

JIOJITOBEYHOCTH Ha (POHE HOCTIKEHHS KPHUTEPHEB
CHIDKEHHSI Macchl. MeTox «oOpaTHO# pa3paboTKmy
HE SBJIIETCS HOBBIM M AKTUBHO IPUMEHSETCS B
MalIMHOCTPOEHUH,  OJHAKO HE TaK  4acTo
pe3ynbTaThl  MCIOJIB30BaHMSI  JIaHHOTO  METoAa
JIEMOHCTPUPYIOTCSl UCCJENOBAaTeNIIMU M HE Tak
YacTO aHAJIOTU HCCIEAYIOTCS B JOCTaTOYHOW Mepe
JUTsL JOCTMOYKEHHSI HAWITYdIIUX ToKa3aTesled BHOBb
paszpabaTbiBaeMOro MpOAyKTa. B CB3M ¢ 3TUM
JIEMOHCTpalnus MeToza Ha npumMepe
MPOEKTUPOBAHMS HECYIIUX PhIUaroB MeXaTPOHHOU
TPAaHCMHCCHUM HUMEET BBICOKYIO IMPAKTHYECKYIO
3HAYMMOCTh M aKTyalbHOCTb, a MPOIECC BEIOOpa
Kackalla pEeXHUMOB HAarpy>XeHuss U KpHUTEpHUEB
OLICHKH OTJIMYAETCS] OPUTMHAIBHOCTBIO.

Marepuanbsl M MeTOAbl pellleHMs 3ajad,
NMPUHSATHIE JOMYIIeHUSs

OO0bekTOM HccienoBaHus siBusieTcss Hecymmuit
KapTep MeXaTpoHHOW TpaHcMuccuu. Hecymuii
KapTep MEXaTpOHHOW TPAaHCMUCCUM COCTOUT U3
JIByX CHMMETPHYHBIX  KapTepOB  PEIyKTOPOB,
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COCIMHEHHBIX JINTOM IICHTPalIbHOH Oallkod, K
KOTOPOI KpensiTcsl JuaroHajlbHble peakTUBHBIE TSTU
noaBecku. Kaprep peaykropa  BOCHpPHUHMMAET
YCWJIHMA OT VY3J0B MEXaTpOHHOW TpPAaHCMHUCCHH,
HaNpaBJIIONIMX DJIEMEHTOB MOJBECKH, a TaKXkKe OT

KoJIeC yepes CTYIHUYHBIN TIO/IIIUITHHK,
ycraHoBNeHHBIH Ha wnandy. s  kperuieHus
3JIEMEHTOB CHCTEMBI MOAPECCOPUBAHMSA
MOCPEICTBOM OOJITOBOTO COEAMHEHUS K KapTepy
pEOyKTOpa HPHUCOECOMHSIOTCS JINTBIE  HECYIHE
pBIYary. MexarpoHHas TPAHCMHUCCHS

npefHa3Ha4YeHa Ui HCIOJIb30BAHHMS HA TPY30BBIX
aBTOMOOWIISIX W aBTOOycax. BemmunHa cratndeckoit
Ipy30HOABEMHOCTH ~ MOCTa €  MEXaTPOHHOM
TpaHcMmuccuen coctapiisieT 13 ToHH. MexaTpoHHas
TpaHcMHUCcHsl pa3pabarbiBaeTcs 1O o00pasy H
no00MI0  3apyOeKHOro aHajlora, B TOM YHCIE

MexaTpoHHasi TPAaHCMHCCHSI aHAJIOT (PHPMBI
nponsBoautens «ZF Commercial Vehicle
Solution» (moxens AVE 130)

Hanpasienne

TIPSIMOJTHHEITHOTO
JIBHOKCHHS
<

Hecymme peraaru

Motop-penykrop
npasoro Gopra

/

Mortop-penykrop

JICBOIO 60p'l'ﬂ

IlenTpanbhas 6anka

COXpaHEeHbI
HECYIIHNX

aBTOMOOMIIA.
TPaHCMUCCHHU

aHajiora

Hecy1en

BbIOpaHa

KHHEMAaTUYECKHE TOYKH KPETUICHUS
pbIyaroB K
B Ka4yecTBe

CUCTEMC

MeXaTPOHHOU

KOHCTPYKLIHUS

kommanuu «ZF Commercial Vehicle Solution» —

AxTrax AVE (mopenb

AVE

130).

OO0mrue

WTIOCTpanuun MexanOHHOﬁ TpaHCMHUCCUHN aHaJiora

n BHOBb

pa3pabartbiBaeMoit

TPaHCMMCCHHU U IpeAcTaBieHbl Ha Puc. 1.

B Ka4yecTBe
3¢ hexTHBHOCTH
«obpaTHOM

METOIOM
HecyIme

npumepa
npotecca

pa3paboTKm»
pblYark MEXaTPOHHOH TPaHCMUCCHU.

TS

MEXaTpOHHOMH

aHajn3a

MIPOEKTUPOBAHUS

BEIOpaHBI

MarepuaaoM, HCHONb3YEMBIM ISl HM3TOTOBJICHUS
pa3pabaTbiBacMOit

HECYIIHUX
TeoMeTpuy,

pBIYaroB
BeiOpan BY40. Bribop wmarepuana

BHOBb

OCHOBAaH Ha 3ap}’6e>KHOM MaTepualic HCCyIUuXx

v vdvast B o 20 et el el O PSP P S Akl S o e s
Wimroctpanus ouepTaHuii BHOBb
pa3pabaTeIBaeMOi MOJICITH MEXaTPOHHOMH

TpaHCMHCCHH

/ Hecyue peiuaru

Hanpagnenne

HpAMOIHHEIHOrO
JBHKCHHS |

k nesoro 6opra

Mortop-penyktop

" IentpanbHas Ganka

Motop-penykrop
npasoro Gopra

Tabnuya 1. Xapaxmepucmuku mamepuana pviuazos [14-16]
Table 1. Material characteristics of the levers [14-16]

Puc. 1. Unnrocmpayus mexampourou mpancmuccuu ananoe npoussooumens « ZF Commercial Vehicle
Solution» (AVE 130) [13] u eHoeb paspabamvieéaemori Mooenu MexampOHHOU MPAHCMUCCUU

Fig. 1. An illustration of a mechatronic transmission is an analog of the manufacturer "ZF Commercial
Vehicle Solution" (AVE 130) [13] and a newly developed mechatronic transmission model

Moavis YcnoBHbIN Mpenen
y Koadd. npezesn pen Y anuHeHue npu
Marepuan yrpyrocty, E, NPOYHOCTH, OB, o
Ilyaccona, p TEKYy4ecCTH, OT, paspsise, 0, %
MIIa MIla
MITIa
BY40 170000 0,27 250 400 15

NZF/I

Puc. 2. Hnnocmpayus ceomempuu HeCyuux puliaeo6 aHan02a MexamporHot mpancmuccuu « ZF»
Fig. 2. lllustration of the geometry of the bearing levers of the analogue of the mechatronic transmission
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phIUaroB MEXaTPOHHOTO MOCTa aHajora Macca peryara cocraBmser 27.8 [kr]. 3amaua
npousBogutenss «ZF» — GGG-40 (I'epmanus, MPOEKTUPOBAHHSI COOCTBEHHOW I'€OMETPUH HECYIIUX
cranmapt «DIN»). B Tabmuue 1 npencrasieHsl pblYaroB OCHOBaHa B MEPBYKD OYepenb Ha
MeXaHHueckue  cBoifctBa  Marepuana  BUA40, MPOEKTHOM TpeOOBaHMM CHIDKEHHS MacChl pblyara
UCTIONB3YyeMBIH B HccrenoBanuu [14-16]. NPU COXPaHEHHUHU OJIM3KOTO YPOBHS PaCTATMBAIOIINX
Jnsa obecrieueHus MeToaa «oOpaTHOM HanpsOKeHUH M MapaMeTpoB JKECTKOCTH. JlaHHBIN
pa3paboTku» MIPOU3BECHO CKaHUpPOBaHME BapUaHT T€OMETPUHU CIIYKUT OTIIPABHOM TOUKOMN ISt
TEOMETPUH  pBIYaroB  3apyOeKHOTO  aHaiora. nmoucka  Oojee  ONTUMAIbHOW  OPUTHMHAIBHON
Wnntoctpanust  yXKe TBEpAOTENBHON T'€OMETpUH T€OMETPUH.
HECYIINX pBIYaroB (GUPMbI-Ipon3BoOIUTEN «ZF» B pamkax panuoHanM3alUU HUCIONB30BaHUS
npencTaBieHa Ha Puc. 2. BBIUUCIIUTENBHBIX ~ PECYPCOB  HA  BBINOJHEHHE

Tabnuya 2. Pacuemmvle pexcumvi, peKOMeHOO8aHHbIe OJid pACHema HeCyux pbluazos MexampoHHOu
mpauncmuccuu

Table 2. Calculation modes recommended for calculating the load-bearing levers of a mechatronic
transmission

KoadduueHTsr,
Harpysoumbiii pexi OTpeACIIAIOINE BEININHY U TpeboBaHUSA K IPOYHOCTH
HAINpaBJICHUE HATPY3KU JOTOBEUHOCTH
X Y V4
1 — JIBmKeH#e B IPaBOM IIOBOPOTE - 0.7*y 1.0V | N>2-10% 6§ =0%
2 — JIBm>KeHHUe B JIEBOM IIOBOPOTE - -0.7*yY 10V N>2-105 6§ = 0%

3 — JluaroHanbHOE BBIBELIMBAHUE (JIEBOE
TepeiHee U 3aJjHee IPaBOe BhIBEIICHBI)

4 — JlnaroHanabHOE BBIBEIIMBaHUE (TIpaBoe
nepeaHee U 3aJHee JIeBOE BHIBEIICHBI)

5 — MakcuMasbHbli 1po6oii MocTa - - 300 | N>2-10% 8 <2%

- - 20V | N>2-105 8§ =0%

- - 20V | N>2-105% 8§ =0%

Illpumeuanusa:

- N — konuuecmeo noayyuxkios « CmamuKa-pexcumy,

- 0 — omHOCUmenbHOe NIACMUYecKoe YOIuHeHue,

- «Y»: kK03 puyuenm ycropenus (onpeodensiem 8eIudUHbl CUL UHEPYULL),

- «»: Koaghpuyuenm maxcumManbHoOU OUHAMUYECKOU HA2PY3KU (onpedeisem 8eIutury OUHAMUYECKOl
Hazpy3Ku O/l pedcUMa, KaK MHOJICUMENb K CMAMUYEeCcKoll 6epMUKAIbHOU HAZpY3Ke).

HacTh OTBETHOH METAMH  Peagry YIPYToro
#ECTKO 3aQHKCHPOBAHA  5janienTa

(c anr. «fixed»)
Peaknun

Ces3b THIIA «CKICHKAY (C AeMIIpHpYFOIIEro
aHI. «bondedy) JIeMEeHTa

Puc. 3. Cxema 3akpennenus poiuazos npu MoOeIUPoOSaAHUY HAZPYICEHHOCU
Fig. 3. The scheme of fixing levers in load modeling
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pacdeTHbBIX

HCCIIETOBAaHUIA aBTOpaMu CTaTbHu

UCIIOJIb30BaH TIO/XO0/ MM0J00pa PacuyeTHBIX ClydaeB
Harpy>KeHWsT W WX palMoOHAIM3allMd Ha 0ase

uctouHukoB [17-19].

IIpenBapuTenbHbIll  aHAIU3

BCeil COBOKYIHOCTHU PCKUMOB MO3BOJIWJI CYyAUTH O
TOM, YTO HArpy>XCHHOCTb HCECYHIHX pbIYaroB IHpu

OKCITyaTalluu MeXﬁTpOHHOﬁ

TpaHCMUCCHUU  Ha

aBTOMOOMIIE B cOOpe HOCHT OAHOTHITHBINA XapakTep
— pBIYArd Harpy»XarTcsl BEPTUKAJIBHBIMU CHIIAMH CO
CTOPOHBI YIPYroro U IeMI(UPYIOIIEro 3JIEMEHTOB,

OTIINYasCh

JINIb AMIUTATY IaMU OTHX CHIJI.

3HauNMBbIe pacyeTHBIE PEKUMBI, XapaKTEePU3YIOIIHe

Harpy’>KeHHE HECYIINX pBIYaroB,

TIpPUBEACHBI B

IpoBeZicHa paboTa MO KacKaJUPOBAaHMIO HArpy30K
OT KOJeC ¥ WHEPIHMOHHBIX Macc Ha Hecylue
pBIYary. XapakTepucTHKa Harpy>KeHHOCTH
clefyromas:

- Ha peXXHUMax JIBI)KEHHSI B IOBOPOTE (PEXUMBI 1
n 2 u3 Tabmunpl 2) BepTUKaibHAs HArpy3ka Ha
HECYIIIUE pbluard AelcTByeT BenuduHoi 43.6 [kH] u
HalnpasJeHa BHHU3 (Harpy3ka cOo CTOPOHBI yIPYIoro
3JIEMEHTA);

- Ha peXHMax [HaroHaJbHOTO BBIBEIINBAHMS
(pexumsr 3 u 4 w3 Tabnuie! 2) Ha peIYar AEHCTBYET
BepTUKanbHas cuia 6.3 [kH], HampaBneHHass BBepx
(Harpy3ka co CTOPOHBI AeMI(HUPYIOMIETO IEMEHTa,

Tabauue 2. MOCKOJIBKY B JaHHOM Cllydae OTpaHHYCHHE XO0ja
Ha 06a3e MHOrO3BEHHOTO  MOJICIHPOBAHHS KOJieca BBIMOJHAETCA 3a CYET KOHCTPYKTHBA
______________________________________________________________________________________ ,
Tabauya 3. Xapaxkmepucmurka KOHeUHO-2]IeMeHMHOU MOOeau
Table 3. Characteristics of the finite element model
No ITapameTp Bennunna
1 | CyMMapHOE KOIMYECTBO KOHEYHBIX SJIEMEHTOB 510672
2 | CyMMapHOe KOJIMYECTBO Y3JI0B 763726

Puc. 4. Obwuti 6uo xoHeuno-s1emenmHuou MoOenu HeCcywe2o pvluaed MexamporHou mpancmuccuu « ZF»
Fig. 4. General view of the finite element model of the bearing arm of the ZF mechatronic transmission

Hrepauns #1 (noryuena 6e3 Tononorueckoir

Puiuar ZF - 27.8 [kr]
MOJIe/Tb MeXaTPOHHOIT
Tpadcmucenn AVE 130

.

h <

Puc. 5. I[poyecc pazeumus ceomempuu 6H08b pa3padamvl8aeMvix HeCywux pobluazog
Fig. 5. The process of developing the geometry of newly developed bearing arms

onmimisamm) — 26.7 [Kr]

BHOBb pazpaéa'n,maemax MoOj1e/1b
){eXaTPOHHOﬁ TpaHCMHCCHI

Hrepanus #3 (punansHas
TEOMETPIIS, TIONyYeHa ¢
HCTIONE30BaHIIEM TOTIOIOTIHECKOiT
orrrinvizamm) — 24.9 [kr]

BHOBB pazpaﬁarmsae.\laﬂ MoJels
.\leXanOHHOﬁ TpaHCMHCCHH <]

Hrepanus #2 (nomyuena ¢
[> HCTIONIb30BaHIIEM TOHOJO”]QECHOﬁ

onmimisamm) — 25.1 [kr]

BHOBE pa3padaTsiBaeMas

MOJIe]Th .\lexarpox-moﬁ
TpaHCMHCCHH

TEXHOJIOI'M S MAITIMHOCTPOEHU A
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JeMTIQUPYIOIIETO dJIEMEHTA);

- Ha peXHMe MaKCHUMalbHBII Npoboii (pexum 5
n3 Tabnuupl 2) Ha pblYar IefcTBYeT BEpTUKAIIbHAS
cuna 78.5 [kH], HampaBieHHas BHU3 (Harpyska co
CTOPOHBI YIIPYTOT0 3JIEMEHTa).

B xadecTBe TpaHUUHBIX YCIOBUH KOHEYHO-
SJEMEHTHBIX  MoAeded  Juid  MOJIETUpPOBAHHUSA
Harpy>KeHHOCTH HECYIIMX pPBIYaroB HCIOIb3YeTCs
cXeMa 3aKpeIuIeHHs, IIpeAcTaBicHHas Ha Puc. 3.

Cxema 3akpermieHuss Ha Puc. 3 sBisercs
KOHCEPBAaTHBHON C TOYKH 3PEHUS MOJEIMPOBAHMSA
Harpy>KeHHOCTH PBIYaroB (Harpy>KEHHOCTh PHIYaroB
IpH yd4eTe JKECTKOCTH Hecymed Oamku Oynaer
MEHBIIIE) W HCHOJNB3YeTCs KaK OCHOBHAas IpH
MO/JIETUPOBaHUU Harpy>k€HHOCTH u
NPOEKTUPOBAaHUM TI'EOMETpUU phlYaroB. Pe3nda
MOJIENIUpyeTCsa TOCPEACTBOM 3JIEMEHTa «CKIeiikay»
(c anrn. «bonded»). Mexny compukacaromuMuICs
MOBEPXHOCTSAMHM 3aJlaH KOHTAakT ¢ TpeHueM. K
Oontam mpuKIageIBaeTCs yermue 3aTsokka 134 [kH].
Pacdersr mpoBoAMINCH B IMHEHHOM MOCTaHOBKE 0e3
y4yeTa HEJIMHEHHBIX CBOWCTB MaTepuana. JlaHHBII
MOAXOJ  MOJEIHPOBAaHMSA  HAarpyKEHHOCTH  HE
HCKJIIOYACT IMOCIEAYIOMEH IIPOBEPKH C YYETOM
JKECTKOCTH Hecylled OalKd M IpPOYUX Ba)KHBIX
KOMIIOHEHTOB [ y4eTa UX B pacyere.

KoneuHo-351eMeHTHasE MOJeNb IOCTpOEHa Ha
OCHOBE TBEPAOTEIHHONM MOJETH U COCTOUT U3
TpexMepHbIX «tetral0» u  «hex8» siemMeHTOB.
Yeunust  mepenarTcss  UHCTPYMEHTOM — «Ansys
Mechanical — Remote Pointy». [20] XapakTepuctuku
KOHEYHO-3JIEMEHTHOH MOJENH TIPEICTABICHB B
Ta6mure 3.

OOmmii BHUA KOHEYHO-JIEMEHTHOH  MOMJEIH
HECYIIET0 pbl4ara MeXaTPOHHOW TPAaHCMHCCHU
npencrasieH Ha Puc. 4.

Pe3syabTaTsl

Ilouck M pas3BuUTHE ONTUMAIBHOU I'EOMETPUU
MPOU3BOJWICS B TOM YHUCIE C MOMOIIBIO METOIOB
TOIOJIOTUYECKOH onTuMu3auuu. llepBslii BapuaHT
TeOMETPHM HECyIero pelyara IOJydYeH Ha 0aze
TeOMETPUH phlYara MeXaTpOHHOTO MOCTA aHaJIora, a
MOCJIe/Tyollee pa3sBUTHE TE€OMETPUM  YUHTHIBAJIO
TEXHOJIOTHIO M3TOTOBJIEHWS pbluara (JIUThE B
necyansle  (OpPMBI) W TpPaHUYHBIE  YCIOBHSA
TOTIOJIOTUYECKON ONITUMU3AIIHH. I'pannunble
YCIIOBUSI TOTIOJIOTUYECKON ONTUMH3ALUH yIUTHIBAIN
COXpaHEHHE YPOBHS PACTATHBAIOUINX HANPSKCHUN
U TapaMeTpoB JKECTKOCTH, OCHOBAaHHBIX Ha
T€OMETPHH HECYINEro pbluyara MexaTpOHHOTO MOCTa
aHajiora TIPOU3BOUTEIIS «ZF», a
OCHOBOIIOJIATAIOMIMM YCJIOBHEM CIYXKHJI KPUTEpHH
CHIDKEHHS MacCBHI.

IIpouecc  pasButus  UTepauuil  reoMeTpUu
HECYIIMX pbIYaroB npejcrasieH Ha Puc. 5.

N3 Puc. 5 MoxHO HaOmONaTh BU3yalbHBIC
OTIMYUS KaXIOM Mocleayrolmeid WTepanuu OT

npensiaymed.  Ilepas  uTepamus — reoMerpuu
BBITIOJTHEHA 6e3 HCIOJIb30BAHUS MeToJa
TOTIOJIOTHYECKOH ONITUMH3AIINY, a BCE

ENGINEERING TECHNOLOGY

TIOCTIEYIOMITHE HTepariu pa3BUBAINCH c
HCIOJIb30BaHUEM MeTo/a TOTOJIOTMYECKON
ontuMmzanuu. Kak BHUOHO U3 pe3yJbTaToB
(buHATHEHON UTEpalnH, yAaIoCh IOOUTHCS
CHHKEHHMS Macchl Ha 2.9 [Kr] B CpaBHEHUH C
TeOMETpHUeil pblyara MeXaTpOHHOH TPaHCMHUCCHU
aHanora npousBoautens «ZF» (CHIKeHrne Macchl Ha
10.4 [%]).

O6cy:kaeHne MOJIyYeHHBIX Pe3yJIbTATOB

Hanpsoxerno-nedopMupoBaHHEIE COCTOSIHHS
JUTS BCEX TEOMETPHIA MPH MOICITHNPOBAHUN HATPY30K
U peXHWMa JBIKCHHS aBTOMOOWIS B IIOBOPOTE
npencTaBieHsl Ha Puc. 6 — (pexumsl 1 w 2 u3
Tabnuuel 2), BepTUKaJIbHAS HArpy3Ka Ha HECYIIHC
pelyary  gedictByer BemuuuHOM 43.6 [kH] u
HaTpaBJicHa BHU3 (Harpys3ka CO CTOPOHBI YIPYroro
JJIEMEHTA).

U3 Puc. 6 MOKHO clienath 3aKII0YeHHe, 4TO IS
pabouero pexuma y BapuaHtoB «Urtepanus #2» u

«Atepauuss  #3»  IOJHOCTBIO OTCYTCTBYIOT
IUTACTUYECKHE AehOpMAaIIHH.
Hanpspkenno-nedopMupoBaHHbIe COCTOSTHHSA

IpU  MOJCIUPOBAHMM HArpy30K JUIA PEXHMOB
JIMarOHAJbHOTO BBIBEIIMBAHUS IIPEJCTABICHBI Ha
Puc. 7 — (pexxumsl 3 u 4 u3 Tabauusl 2), Ha peryar
JNIeHCTBYeT  BepTHKanbHas cuwia 6.3  [kH],
HampaBleHHass BBepX (Harpyska co CTOPOHBI
JeMII(HUPYIOIIETro 3JeMEHTa, MMOCKOJIBKY B JTAHHOM
Cllydae OrpaHHYEHHE XO/a Kojeca BBIMOJIHACTCS 3a
CYET KOHCTPYKTHBA ASMIT)UPYIOIIETO 3JICMEHTA).

W3 Puc. 7 MOXHO cenaTh 3aKII0OYCHUE, YTO IS
PEKMMOB TMAarOHAJBHOTO BBIBEIIMBAHMSA Yy BCEX
BapUaHTOB ITOJHOCTHIO OTCYTCTBYIOT IUTACTHYECKHE
nepopMannm.

HanpspxkenHo-aedopMupoBaHHbIe COCTOSTHHSA
IpU  MOJAENMPOBAaHWUM HATPY30K JUIA  PEXHMA
MaKCHUMaJIbHBII NPoOOH MOCTa MpEICTaBICHBl Ha
Puc. 8 — (pexum 5 wu3 TaGmuipsl 2), HA pelyar
JeiictByer  BepTukaimbHas cumma 785  [kH],
HampaBleHHass BHU3 (Harpy3ka co CTOPOHBI
YIOPYTOTro JIEMEHTA).

U3 Puc. 8 MOXKHO cenaTh 3aKIIOYSHHUE, YTO IS
peXMMa MakCHMaJIbHBIH MPpo0OH BO BceX BapHaHTax
TeOMETPUIl pPBIYaroB MMEIOT MECTO IUIaCTHYECKHE
nedopMmanuu («OTCeYKa» MO HampspkeHHsM B 250
MIla cooTBercTBYeT mpeneny Tekydectd BU40).
[Ipu sToM Bapuantsl «Utepauus #2» u «Hrepauus
#3»  TpeacTaBiAOTCA — HauOoJjee  yAAYHBIMH.
Pacuersl  mpoBoawiuch B KOHCEPBATUBHOMI
JTUHEHHONW TIOCTaHOBKE 0e3 yueTa IUIaCTHYECKHX
CBOWCTB MaTepuana. /[[ias OIEHKH IIaCTUYECKOU
nedopManuy  TPUMEHSIICS  METOX  KOPPEKIMH
Heiibepa Ha mractugHOCTS. [21]

Iockonbky IpeJiaraeMbli BapuaHT
koHCcTpykuuu  «Hrepamuss  #3»  CyLIECTBEHHO
OTIMYaeTCs OT TEOMETPUM HECYLIEro pelyara B
KOHCTPYKIMH «ZF» (B 4YacTHOCTH, OTCYTCTBHEM
JKECTKOTO ¢nanna), JIOTUYHBIM SIBIIIETCS
NpPEANOIOKEHHE, YTO  IOA0OHOE  H3MEHEHHe
KOHCTPYKIIMM PBIYaroB MOXKET OKa3aTh OIL[yTHMOE
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Hrepanus #1 (nonyuena 6e3
Peraar ZF - 27.8 [kr]

Mozelb MeXanOHHOﬁ

BHOBB pa3pabaTsiBaeMas MOJIeNTh
Tpancmucenn AVE 130 paspabar "

MeXaTpOHHOIT TPaHCMHCCHIT
11669 Max
250

ma

250.00

192,86
230.00 16420

1357
210.00 - 1727517:

50
190.00 U 0.019152 Mir

170.00

150.00

130.00

110.00

90.00

70.00

50.00

[MPa)

Hrepanns #1 (nomyuera 6e3

i Poruar ZF —27.8 [kr]
1 MOJIe/Ib MeXaTPOHHOI
Tparcmucenn AVE 130

Toronormaeckoit omrmvisarm) — 26.7 [kr]

BHOBB pazpa6aTLmaeMax MOJelIb
MeXanOHH()i;I TPaHCMHCCHH

1166,9 Max
250

21,43
192,86
164,20
135,71

o 107,14
78571

0,019152 Min

BITUSTHUE Ha HaMPsHKEHHO-Ie(hOpPMUPOBAHHOE
COCTOSIHHE KOpITyCa MOTOP-PEAYKTOpa B 00JIACTSIX
pacmoniokeHusi OOOBIIMIEK KPEIUICHUs PhIYaros.
Hwxe npusenen Puc. 9 ¢ mosicHeHHeM TpaHUYHBIX
yCI10BUHI s pacueTHoOM OIIEHKU JIBYX
ANBTCPHATHBHBIX ~ BapUAHTOB  KOHCTPYKIHHA  —
MMOCTAaHOBKA PAaCYETHOI'O CPABHUTEIBHOIO aHaju3a
IpyU MOJEIUPOBAHUU B OJHOM CHUMYJISILMOHHOM
pemrennn. O0a pbluara Harpy»XeHbI OJIUHAKOBOM
Harpy3kol CO CTOPOHBI YHOPYTUX D3JIEMEHTOB,
COOTBETCTBYIOIIECH PEKUMY MaKCHUMAILHOTO MPO0Os

Tonoorireckoit omminvisamm) — 26.7 [kr]|

Moaenuposaﬂue PEXKUMOB JIBHIKCHUS B IIOBOPOTE

Hrepanus #2 (nonyuena ¢ Hrepanus #3 (puranbras

HCIIONE30BAHIEM TOMOJIOTHYIECKOIT TeOMETpILd, NIOTy4eHa ¢

onTmvsan) — 25.1 [Kl"] HICIOIb30BAHIEM TOIOIOIYECKOI

BHOBbL paapa6anmaemax MoAelb
.\leXaTPOHHOﬁ TpaHCMIICCHIT

1166.9 Max

250

onrmvmsamm) — 24.9 [kr]
BHOBB pa3pabaThiBaeMas MOJIeNb
MeXaTPOHHOIT TPaHCMHCCHIT

ma 260.00
192,86
164,29
135,71
= 10714 | B 21667
o 757t [

S 200.00

233.33

0,019152 Min
183.33

166.67
150.04
133.33

{ . 116,67
100.00
83.33

66.67

50.00

Puc. 6. Cpasnumenvhuiii ananus ceomempuu 015k MOOCIUPOBAHUSL PENHCUMOE OBUNCCHUS 8 NOBOPOME:
oKeueanenmmvie nanpsxcenus no Musecy, pasmeprnocms [Mlla]
Fig. 6. Comparative analysis of geometry for modeling driving modes in a turn: equivalent stresses
according to Mises, dimension [MPa]

Hrepanus #2 (noxydesa c

Hrepanus #3 (punansHas

HCTIONB30BAHIEM TOIIOIOTHYECKOI TEOMETPILL, IIONydeHa ¢

ommvmzamm) — 25.1 [Kr] IICIIOJIB30BAHIIEM TOIIOIOIHYECKOIN

BHOBB pa3pabaTbiBaeMast MOJeIb
MeXaTPOHHOII TPAHCMHCCHIT

omrrivmsanmi) — 24.9 [Kr]

BHOBb pa3pa6an,maema;{ MOJEIb

11669 Max i MeXaTpOHHOIi TPAHCMHICCHIT
250 H
221,43 H
192,86 ;

164,29 H 233,33

135,71 .
‘ : 21667

107,14
o 78571 |
50 - 200.00
0019152 Min

250.00

183.33

150.00

133.33

116.67

|

100.00

83.33

66.67

50.00

Puc. 7. Cpasnumenvhulii ananuz ceomempuu 0Jisi MOOEIUPOBAHUS PENHCUMOE OUALOHATLHO2O 6bIBCULUBAHUSL:
oKeueanenmuvie nanpsxcenus no Musecy, pasmeprnocms [Mlla]
Fig. 7. Comparative analysis of geometry for modeling diagonal hanging modes: equivalent Mises stresses,
dimension [MPa]

Mocta — (pexxum S5 u3 Tabimupl 2), Ha pbluar
JeiictByer  BepTukaimbHas cumma /8.5  [kH],
HalpaBleHHas BHU3 (Harpy3ka €O  CTOPOHEI

YIOPYTOTO 3JIEMEHTA).

PesynbpraThl CpaBHUTENBHON NPOBEPKU BIMSIHUS
TeOMETpUH pbluaroB Ha HaIpsHKEHHO-
neopMHpPOBaHHOE COCTOSIHHE KOpIyca MOTOp-
penykTopa npezacrasieHsl Ha Puc. 10.

U3 ananm3a HanpspkeHHO-AE()OPMUPOBAHHOTO
cocTosiHuS, mpezacraBieHHoro Ha Puc. 10, mMoxHO
clenaTh 3aKJIIOYEHUE, YTO B KOPIyCE MOTOp-

TEXHOJIOI'M S MAITIMHOCTPOEHU A
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penykropa Uil HpeAlIaraéMod  TeOMETpHUH
«Wrtepaumst  #3» OynmyrT BO3HMKaTh OoJblIne
HanpsOKCHWs, OJHAKO pasHHLAa HE  SBISETCS
3HAYUTENBHOM.

3aki04yeHue

PesynbraThl, OTpakeHHbIE B JIAaHHOW CTaThe,
BBIPQKAIOT  TEHACHLUIO  Pa3BUTHS  METOJOB
MPOEKTHPOBAaHUS W HapabOTKy oOIbITa B 00JacTH
pacdeTHBIX HCCIEAOBAHUI 3a CUET HCIIOIb30BAHMSA
MeToma  «oOpaTtHoW  pa3pabotkm». HambGomee

Hrepanmus #1 (mory4era 6e3
| Prruar ZF - 27.8 [kr]

MOIEIb NISXHTPOH:HOfI

BHOBE paspabaTsiBaeMas MOJIENE
TpaHcmuccenn AVE 130 pasp .

MeXanOHHOfI TPpAaHCMHCCHH

3. 25000 11669 Max

= .
| 216.67

200,00
183.33
166.67

l 150.00

133.33

11667
l 100.00
. 83.33
I 66,67

50,00

[MPa)

Poruar ZF - 27.8 [kr]
MOJ1eJTh MeXaTPOHHOIT

Torooryeckoil onraMizam) — 26.7 [Kr]

Mocmay: sKeusaienmHule Hanpsaxcenus no Musecy, pasmepnocms [Mlla]
Fig. 8. Comparative geometry analysis for modeling the "maximum bridge breakdown" mode: equivalent
Mises stresses, dimension [MPa]

IlocTanoBKka pac'lénmro CPABHHTEJIBHOIO AHAJIH3A IPH

MoJ1€.

MEPCTIEKTHBHBIM (C TOYKH 3pEHUS TPOYHOCTH U
JIOJITOBCYHOCTH ) BapHaHTOM MIPEJICTABISACTCS
BapuanT  «Mrepamms  #3» ¢ BBICTyIaMH,
BOCTIPHHUAMAIOIIAMU cpesatole Harpy3Kku
(MUHUMAJIGHBIC 3HAYCHHS THKOB  HAMPSDKCHUIA,
HAaMMCHBIIME 30HBI IUIACTHKH JUISI  pEXHMa
MaKCUMaJIbHOTO Mpo00s MOCTa, MAaKCHUMAJbHBIC
3HAUEHUSl  HANpPSOHKEHUM  HOCAT  CKUMAKOIIMM
xapakrep). JlaHHas TeoMeTpus Takxke oOxamaer
Jy4IIeil TeXHOJIOTHIHOCTHIO BBUY OTCYTCTBUS

Wrepanns #2 (nomyuerac -~ Hrepanms #3 (¢puxansras

HCIONb30BAHHEM TOIOJIOTHYECKOI I TeOMETpIL, HOMyHeHa ¢

onmmmsar) — 25.1 [kr] HICTIONIF30BAaHNEM TOIOIOIMYECKOIL

BHOBE pa3pabaTeiBaeMas MOZETh | orrivimzarm) — 24.9 [kr]
MeXaTPOHHOII TPaHCMICCHI ! BHOBb pazpabaTbiBaeMas MOJIEIb

1esome | M 25000

250 E I L
w4 | 233,33

192,86 | I

16429 216,67
135,71
107,14 20000
78571

50

0.019152 Min

183.33

166.67

Tpancmicerm AVE 130

Pemaar ZF

JKécTkmit pnanen

Hrepanns #3 (puuanbnas reomeTpis,
T0/TyHeHa C ICTI0Ib30BaHIEM

Tonoorirdeckoii onmimisam) — 24.9 [Kr]

BHOBB paspaﬁanlsac.\laz MOenb
MEX&TPOHBOﬁ TPaHCMIICCHIT

npobost MocTa

OTCcyTCTBHE 3aMKHYTOIO
KECTKOTO (hranma

ENGINEERING TECHNOLOGY

MOJIeNTb MeXaTPOHHOIT
Tpacmicer AVE 130

Harpy3kn co cTopoHBI
YOPYTHX 31€MEHTOB OT
peXKIMa MAKCHMATBHOTO

Puc. 9. I'panuunvie ycnosus onsa pacuemuoii OyeHKi 08X albMePHAMUGHbIX 6APUAHIMOE KOHCIPYKYUUL
Fig. 9. Boundary conditions for the estimated evaluation of two alternative design options

HB CHMY/ISIITHOHHOM pelIeHHH

Obnactn 3aKpeIUICHHA MOAETH

Hrepauus #3 (dnsarsHas reomeTpis,
TIOYy4Y€Ha C HCTIOMb30BaHIEM
TOMOTOTHYECKOIT ONTIMI3AIIH)

BHOBB pa}pa(’)anmaeuaﬂ Mojiesib
Mex:ﬂpommfx TPaHCMHCCIIH
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Poruar ZF - 27.8 [kr]
MOjIe]Tb MeXaTPOHHOIT
Tpancmuccrm AVE 130

Prruar ZF

JKéctkmii pnanen

Hrepanus #3 (punatsuas reoMeTpus.
TI0MTyHeHa C ICTIOTb30BaHIIEM

Tonosorideckoii onriminam) — 24.9 [Kkr]

nexaxponnoﬁ TpaHCMIICCHI

npobost MocTa

OrcyTCTBHE 3aMKHYTOIO
KECTKOTO (hranma

Puc. 10. Ilposepxra énusinust 2eomempuu pbluazo8 Ha HANPANCEHHO 0ehopMuposanoe cocmosnue Kopnyca
MOmop-pedyKmopa: 3Keusarenmuvle nanpsicenusi no Musecy, pazmeprnocmo [Mlla]
Fig. 10. Checking the effect of lever geometry on the stress-strain state of the gear motor housing: equivalent
Mises stresses, dimension [MPa]
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BHYTPEHHUX NojocTed u MeHsueil Ha 10.4 [%]
Maccoil  (OTHOCHUTENBPHO  HECYIIMX  pPbIUaroB
MeXaTpPOHHOHM TpaHCMHUCCHH aHANoTa GUpMEI «ZF»).
Beictynsl Ha (QuaHIe B BapuMaHTE T'€OMETPHUH
«tepanun  #3», BOCHpUHUMAIOLIME CpE3aAIOIINE
HarpyskH, SBJSIIOTCS 00s3aTenbHBIMU. JlaHHBIC
BBICTYIIBI HE MPEACTAaBISIOT OMACHOCTH C TOYKH
3peHHs]  KOHLCHTPAlMM  HAaNpsDKeHWH  (BBHIY
C)KMMAIOIIEr0 XapakTepa J3TUX HaMpsDKeHHWH), HO
OyayT CHWXATh Cpe3alollue YCWIHsS Ha OONTHI
(ocobeHHO B ciiydae OCaOJieHHsS WX 3aTSHKKA B
mporiecce  IKCIUTyaTallih), a COOTBETCTBEHHO,
MOBBIIIATH MPOYHOCTH u JIOJITOBEYHOCTh
KOHCTPYKUIMH. BakHBIM  pe3ysibTaToM JIaHHOU
paboTHI SIBISIETCSI pa3liesl ¢ ONMMCAHUEM pacdeTHBIX
pexuMoOB.  BbIOpaHHBIII  ypOBEHb  Harpysok
NPOBOAWIICS  MTEPAllMOHHO  JuIsi  oOecredeHus
NPEEIFHOTO  COCTOSIHMSL ~ HECYIIero  phlyara
MEXaTPOHHOH TPaHCMHUCCUHU aHajora
npous3BoguTenss «ZF», 103TOMYy IIpUBEICHHbIE
KO3((GULMEHTBl  YCKOpPEHHMH W MaKCUMaJbHOM
JUHAMUYecKoll Harpy3ku u3 Tabmuipsl 2 MoOryT
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Abstract.

The system process of creating any car undergoes stages of conception,
development and industrialization. The most important stage is
conceptualization, which will determine the perfection and quality of the
technical appearance of the final product. The most conservative and classic
design process for a newly created car is based on a study of analogs. A
fundamental engineering issue in the design process is the correct selection,
interpretation and modeling of load conditions for cascading loads across all
components of the vehicle chassis power structure. The technical appearance
and design of the components of the power structure will strongly depend on
the quality and quantity of the initial data when modeling the load, but the
problem of reliability of loads always remains acute and relevant. In
conditions where there are no initial data in the form of operational loads for
a newly created car, it is possible to rely on the study of the technical
appearance and design of components of analog cars. Such a study can make
it possible to form load conditions and adapt their level according to the
criteria of strength and durability in order to ensure that the component's
power structure is no worse than that of its counterpart. As part of the
demonstration of the advantages of the approach, this paper presents the
process of developing the original geometry of the load-bearing levers of a
mechatronic transmission of a truck based on a study of an analog design
from a foreign manufacturer. The novelty of the work lies in obtaining a more
advanced design of the bearing arms in terms of specific strength and
durability, which forms a trend in energy efficiency. The result of this work is
a general demonstration of the advantages of using the "reverse engineering"
method on the example of designing the load-bearing levers of a mechatronic
transmission of a truck, as well as confirmation of the adequacy and validity
of the applied load modeling methods. The aim of the work is to develop
design methods and gain experience in the field of computational research
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through the use of the "reverse engineering" method.

For citation: Bokarev A.l, Levochkin A.A., Rakhaev S.M., Dubinkin D.M., Pashkov D.A. Analysis of the
method of designing the components of the power structure of a mechatronic transmission of a truck using the
"reverse engineering" method. Vestnik Kuzbasskogo gosudarstvennogo tekhnicheskogo universiteta=Bulletin of
the Kuzbass State Technical University. 2025; 5(171):29-41. (In Russ., abstract in Eng.). DOI: 10.26730/1999-
4125-2025-5-29-41, EDN: BMNHTV

Acknowledgments

The work was carried out with the financial support of the Ministry of Science and Higher Education of the
Russian Federation under the agreement dated 30.09.2022 Ne(75-15-2022-1198 with the Kuzbass State
Technical University named after T.F. Gorbachev's "Comprehensive scientific and technical program for a full
innovation cycle "Development and implementation of a set of technologies in the fields of exploration and
extraction of solid minerals, industrial safety, bioremediation, creation of new products of deep processing from
coal raw materials while consistently reducing the environmental impact and risks to the life of the population"
(CSTP "Clean coal — Green Kuzbass") approved by the decree of the Government of the Russian Federation
dated May 11, 2022. No. 1144-r within the framework of the event "Development and creation of an unmanned
shuttle-type mining dump truck with a lifting capacity of 220 tons" in terms of research and development work.

REFERENCES

1. Kotiev G.O. [et al.] Selection of the torque —
speed curves for the units of a wear-resistant brake
system of high-mobility wheeled vehicles. IOP
Conference Series: Materials Science and Engineering.
2020; 819:012031. DOI: 10.1088/1757-
899X/819/1/012031.

2. Kotiev G.O. [et al.] Selection of the required
deceleration for high-mobility wheeled vehicles with
wear resistant brake systems. IOP Conference Series:
Materials Science and Engineering. 2020; 819:012030.
DOI: 10.1088/1757-899X/819/1/012030.

3. Kartashov A.B., Skotnikov G.I. Simulation
based feasibility confirmation of using hybrid powertrain
system in unmanned dumptrucks. IOP Conf. Series:
Materials Science and Engineering. 2020. Article
number 012010. DOI: 10.1088/1757-
899X/819/1/012010.

4.  Utility model Patent No. 216848 Ul Russian
Federation, IPC B60K 17/00, B60K 17/10, F16H 37/00.
A vehicle with a dual-flow transmission: filed on
12/08/2022; published on 03/03/2023 / Kartashov A.B.,
Korostelev S.A, Chensky S.A [et al.]; applicant Public
Joint Stock Company "KAMAZ". EDN ZMSUSJ.

5. Utility model Patent No. 219101 Ul Russian
Federation, IPC B60K 1/02, B60K 7/00, B60K 17/00.
Mechatronic bridge of a low-floor bus: No. 2023109677:
application dated 17.04.2023: published on 28.06.2023 /
Kotiev G.O., Kartashov A.B., Shkarupelov E.S. [et al.];
applicant Public Joint Stock Company "KAMAZ".
EDN OAPGVW.

6.  Sorokin K.P., Buzunov N.V., Kartashov A.B.,
Gazizullin R.L. Review and analysis of mechanical
transmissions in mechatronic transmissions for trucks
and buses equipped with electric energy storage systems.
Bulletin of the Ufa State Aviation Technical University.
2022; 26(4(98)):113-122. DOL:
10.54708/9926502 2022 26498113. EDN DBWETD.

7.  Gusev AS., Zinchenko LV,
Starodubtseva S.A. Statistical Dynamics and Reliability
of Mechanical Systems with Kinematic, Power, and

ENGINEERING TECHNOLOGY

Parametric Impacts. Journal of Machinery Manufacture
and  Reliability.  2020. DOIL: 103103 /
S1052618820050064.

8. Padalkin B.V., Gorelov V.A., Stadukhin A.A.
[et al.] Methodology for determining the parameters of
the electromechanical transmission of a industrial tractor.
Tractors and Agricultural Machines. 2019; 5:21-30.
DOL:  10.31992 / 0321-4443-2019-5-21-30. EDN
ZOTCRM.

9. Rossey M.P., Vaughan E.A. Direct drive
transmission decoupler. Patents No. W0O2014074586A1.
Publ. 15.05.2014.

10. Devreese T.G., Galoppin W.W. Electric drive
axle powerpath & the drive axle made therewith Patents
No. WO2018045027A1. Publ. 08.03.2018.

11. Keeney C., Smith M.C. Axle assembly having
an electric motor module. Patents No. US8858379B2.
Publ. 14.10.2014.

12. Garcia P. [et al.] Axle assembly having an
electric motor module and a gear reduction module.
Patents No. EP3446906A1. Publ. 27.02.2019.

13. Product Overview — Axle, Transmission & E-
Mobility Driveline Systems for Buses & Coaches / ZF
Friedrichshafen AG 88038 Friedrichshafen Deutschland
/ Germany. zf.com/bus.

14. Zubchenko A.S., Koloskov M M,
Kashirsky Yu.V. [et al.] Handbook of Steels and Alloys.
2nd ed., revised and enlarged. Edited by Zubchenko A.S.
Moscow: Machine Engineering; 2003. 784 p.

15. Maslenkov S.B., Lyapunov A.L, Zinchenko
V.M., Ushakov B.K. Encyclopedia of Terminology for
Technologists: In 3 volumes. Vol. 2. Edited by
Maslenkov S.B. Moscow: Science and Technology;
2004. 608 p. ISBN 5-93952-017-0.

16. ST TsKBA 050-2008 Pipeline fittings cast from
cast iron. Technical requirements of NPF 'TsKBA'.
2008.

17. Rakhayev S.M., Gazizullin R.L., Kartashov A.B.
[et al.] Selection of loading modes in the initial stages of
designing load-bearing systems (frames) of dump trucks.
Mining engineering and technology. 2023; 4(23):41-55.



Bectauk Ky30acckoro rocyaapcTBEHHOTO TEXHHYECKOTo YHUBepcuTeTa. Ne 5. 2025, 41

DOIL 10.26730/2618-7434-2023-4-41-55. EDN
TSVQGN.

18. Dubinkin D.M., Bokarev A.L. Development of a
methodology for determining loads on the structural
framework of dump trucks. Mining equipment and
electromechanics.  2023;  5(169):31-44.  DOI:
10.26730/1816-4528-2023-5-31-44. EDN ARXNIJ.

19. Dianov V.A., Bokarev A., Kartashov A.B.
Development of a methodology for modeling the load
capacity of a dump truck by cascading external force

20. ANSYS Meshing User’s Guide / Release 13.0.
Novemver 2010 / ANSYS, Inc. certified to ISO
90001:2008, Southpointe 275 Technology Drive
Canonsburg, PA. 15317. ansysinfo@ansys.com.

21. Lee Yu.-Li, Barkey M.E., Kang H.-T. Metal
fatigue analysis handbook: practical problem-solving
techniques for computer-aided engineering ISBN 978-0-
12-385204-5  (hardback) 1. Metals—Fatigue. 2.
Computer-aided engineering. III. Title. TA460.L416
2011 620.1'66—dc23 2011020149.

factors. Proceedings of NAMI 2024; 3(298):57-70.
DOI: 10.51187/0135-3152-2024-3-57-70.

© 2025 The Authors. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

The authors declare no conflict of interest.

About the authors:

Alexander I. Bokarev — Candidate of Technical Sciences, Senior Researcher, Moscow, Russian Federation,
Bauman Moscow State Technical University, KAMAZ-BAUMAN Research Centre; e-mail: bokarev@bmstu.ru.
Artem A. Levochkin — The lead designer, Moscow, Russian Federation, Bauman Moscow State Technical
University, KAMAZ-BAUMAN Research Centre

Sergey M. Rakhaev — The lead designer, Moscow, Russian Federation, Bauman Moscow State Technical
University, KAMAZ-BAUMAN Research Centre

Dmitry M. Dubinkin — Candidate of Technical Sciences, Associate Professor, Kemerovo, Russian Federation,
T.F. Gorbachev Kuzbass State Technical University; ORCID 0000-0002-8193-9794, Scopus ID 57197717432;
e-mail: ddm.tm@kuzstu.ru

Dmitry A. Pashkov — Candidate of Technical Sciences, Kemerovo, Russian Federation, T.F. Gorbachev
Kuzbass State Technical University; e-mail: pashkovda@kuzstu.ru

Contribution of the authors:

Alexander 1. Bokarev — setting the research problem, conceptualisation of the study, data analysis, summarising,
writing, review of current literature, data collection.

Artem A. Levochkin — setting the research problem, conceptualisation of the study, data analysis, summarising,
writing, review of current literature, data collection.

Sergey M. Rakhaev — setting the research problem, conceptualisation of the study, data analysis, summarising,
writing, review of current literature, data collection.

Dmitry M. Dubinkin — statement of research problem, conceptualisation of the study, data analysis,
summarising, writing, review of current literature, data collection.

Dmitry A. Pashkov — setting the research problem, conceptualisation of the study, data analysis, summarising,
writing, review of current literature, data collection.

All authors have read and approved the final manuscript.

|

TEXHOJIOI'A MAILIMHOCTPOEHUM A



