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MEPEXIJIHI ITPOIIECHU B EJIEKTPOMEXAHIYHINA TPAHCMICII 3
IMPYKHO-EJJACTUYHOIO MY®PTOIO

Y ecmammi npoananizoeano éniug npyjicrHo-enacmuyHoi My@mu Ha KOIUAIbHI NPOYecu 8 eleKmpoMexaniuniil
mpaHcmicii' y nepioo pos2ony. Pospobiena ounamiuna, mamemamuiuna ma CUMYIAYIIHA MOOeII eNeKmpOMeXaHiuHol
MPAHCMICIT, OCMAHHA 3 AKUX peanizosana y npoepamuomy cepedosuwyi MatLab Simulink. B momenm nycky i npu
POoOOMI ACUHXPOHHO20 eNeKMPOOBUSYHA OOCTIONCEHO 3MIHY KYMOBOI WMBUOKOCTI 36e0€HUX MAC eNeKMPOMEXAHIUHOT
Mpancmicii 3 ma 0e3 npysHCcHO-enacmuyHol Mygmu, 3MIHY KPYMHO20 MOMEHMY 6 JIAHKAX MPAHCMICIT ma npyscHo-
enacmuyHit My@mi i e1eKmpomazHimHo20 MOMeHNY 08USYHA.

Knrwowuosei cnosa: acunxponunuii enekmpooguey, OUHAMINHA MOOENb, MAMeMAmuyHa MOOeib, CUMYAAYIUHA MO-

oenb, KpYMHUI MOMEHM.

ITocTanoBka npoodJiemMu

OcTaHHIMH POKaMH TIPOBITHI BUPOOHUKH aBTOMO-
OB TIPOTIOHYIOTH IIUPOKY TaMy TiOPUAIB Ta €IEKTPO-
MoOiiB. [IpuBiIHI CHCTEMH TaKUX aBTOMOOLUIIB MArOTh
Pi3HY CTPYKTYpY 1 XapaKTepHCTHUKH. Y OLIBIIOCTI Ti0-
PUIHUX aBTOMOOLTIB, KPiM THX, IO MPAIFOIOTH 33 MOC-
JIZIOBHOO CXEMOIO MIEPETBOPEHHS €HEPTii, B 3aJIE)KHOCTI
BiJl p&KUMY PyXy, 00OEpPTOBHII MOMEHT Ha KOJjecax aB-
TOMOOUISI MOKE CTBOPIOBAaTHCS SK OKPEMO ABHT'YHOM
BHYTpilIHbOro 3ropanss (/AB3) un enekTpu4HuUM IBHU-
ryrom (EJ1), Tax 1 iX cHijIbHOIO pOOOTOIO.

OOuzBa BUAN ABHUTYHIB IIPH 3aIlyCKy CTBOPIOIOTH
MABUINEH] JOWHAMIYHI HaBaHTAXXEHHA Ha €JIEMEHTH
TpaHCMicil aBTOMOOLISI, TOMY MOIIYK KOHCTPYKTUBHHX
pileHs i crmoco0iB 3MEHIICHHS BIUIMBY TEPEXiTHUX
pexxumiB podotu JIB3 i EJ] Ha HaBaHTaXEHICTh JIAHOK
TPaHCMICIT € aKTyaJIbHUM.

AHaJi3 0CTaHHIX JOCHizKeHb i myOikanii

[epeBaxkHa OUIBIIICTH JOCIHIIKEHb, IO CTOCY-
I0ThCS TIOPUIHUX aBTOMOOLIIB, MPUCBSIYEHA 3HHKEHHIO
BHKHJIB TOKCHYHHUX PEUOBHH 1 ITiABHUICHHIO €KOHOMIY-
HOCTI CHJIOBUX eHeproyctaHoBok [1]. IIurannsm kosu-
BaJIbHHUX IPOLECIB Yy JIaHKax TpaHCMIcCil, 30kpema Tri0-
punaux cunoux yctanoBok (I'CY), yBarm mpumineHo
HEJIOCTAaTHBO.

Jnst 3MEHIIeHHS! HIKIJUIMBOTO BIUIMBY HEPiBHOMI-
pHOCTI 0bepTaHHs KojdiH4acToro Bana JIB3 y kmacuu-
HUX aBTOMOOIUISX 3aCTOCOBYIOTH JBOMAcCOBI MaXOBHUKH
(AMM), sxi BimirparoTh ponb AeMiipepiB KPyTHIBHUX
KONMBaHsb [2-4].

B enexTpoMexaHIYHMX TpaHCMICisSX, HE3aJEKHO
BiJl croco0y IyCKy aCHHXPOHHOTO IBHUTyHa (HpAMUM,
BiJ TpU(A3HOTO JHKEepesa )KUBJICHHS X 32 JOTIOMOTOIO
CHCTEeMH MepeTBOpIOBaya 4acTOTH — aBTOHOMHOIO iH-

BEpTOpa HAIPYTH), Y BaJONPOBOJAX BHHHUKAIOTH ITiJI-
BHUILEHI BUCOKOYACTOTHI HaBaHTaKeHHS [5].

MogentoBaHHS aCHHXPOHHOTO JABUTYHA B JBO(a3-
Hill cucremi koopauHat [6] MOka3yrTh, IO MpH TPs-
MOMY ITyCKY Ha MOYaTKoBii ¢a3i po6oTH BigOyBalOThCA
3HAYHI KOJIMBaHHS MOMEHTY, CTPyMy Ta LIBHJKOCTI.
[Ipu mopiBHSAHHI pe3ynbTaTIB POOOTH pPO3poOIEHOT
Mozei 31 CTaHJApTHIM OJIOKOM Simulink
Asynchronous Machine oTpuMaHo iI€HTHYHI NepexiaHi
TIPOIIECH.

OcHoBHMUMHK (haKTOpaMH BIUIMBY Ha JWHAMIYHY
HaBaHTAXEHICTh TpaHcMicii aBTromobinst 3 ['CY mpu
sanycky JIB3 € [7]: MOMeHT TepTsi 34eryIeHHS, TEMII
BBIMKHEHHS 34YCIUICHHs, Koe(ilieHTH nemrndyBaHHS i
Koe(il[iEHTH >KOPCTKOCTI JIAHOK TpaHCMicii, HOMep
nepenaui, Ha sIKii 31iiicHIOeThCS 3anyck [IB3, Tomy st
3HW)KEHHSI JUHAMIYHUX HAaBAaHTAXXEHb Yy JIAHKAX TPaHC-
Micii aBTomo0OutiB 3 ['CY mpu 3amycky [IB3, motpibHO
palioHaIbHO BUOMPATH NepetideHi BHIIE TapaMeTpH.

VY mpaui [8] orpumani pe3ynbTaTH PO3paxyHKIB
JUHAMIYHUX HaBaHTa)KEHb Y TPAHCMICII U pyIIaHHI
aBTomMo0ins obnannanoro I'CY 3 Micus Ta npuBOJIOM
Benyuux kouic Big JIB3. Ipu nocnimpkeHHl AMHAMIYHUX
HaBaHTaXXCHb y TpaHcMicii aBTomoOurst 3 'CY mapaie-
JIHOTO THITy Ba&XJIMBO BH3HAYUTH CTaH 3YeIICHHS
(3HaXOIUTBCSI BOHO B PEXKUMI OYKCYyBaHHS UM 3aMKHY-
Te). BBaxkaeTbcs, 1m0 3YeIUIEHHs 3HAXOAWTHCA B 3a-
MKHYTOMY CTaHi KO Mc>Mcs 1 @p-9c=0, B iHIMX
BHIIAJKax BOHO Oykcye. Ilpm pymanHi aBTOMOOIIS 3
Micls 3 33J]aHUM TEMIIOM BBIMKHEHHS 3YeIJICHHs Mpy-
KHI MOMEHTH, IO BHUHMKAIOTh Yy JIAHKaxX TpaHCMicii
aBTOMOOUTA, € (YHKII€I0 MaKCUMAIbHOTO MOMEHTY
TePTS 34eTUICHHS M qpa. [lichs 3aMHUKaHHS 39eTUICHHS
MOMEHT M, KMl HUM HepenaeTbed (mpu uboMy Mc =
Mc3), TpuUOJIM3HO JIOPIBHIOE 00EPTOBOMY MOMEHTY
JB3.
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Jlist po3paxyHKiB IMmapaMeTpiB aCHHXPOHHOTO JIBH-
I'YHa BHKOPHCTOBYBajJacs MeToauka npodecopa Yep-
nux [.B. [9], npoBeneHe mMopenmtoBaHHS B CepeaOBHIII
MatLab (momatku Simulink i SimPowerSystems) msox
BapiaHTIB ITyCKy aCHHXPOHHOT'O JIBUI'YHA: IPSAMHUI ITyCK
BiZ Tpu(a3HOTO MKepema KUBJICHHS i IMyCK JABHTYHA 3a
JIOIIOMOT'0I0 CHCTEMH TEepPETBOPIOBaYa 4acTOTH — aBTO-
HOMHOTO iHBEpPTOpa Hampyru. Takox Ipu MOAETIOBaHHI
CHCTEMH IepeTBOPIOBaYa 4aCTOTH — aBTOHOMHOTO iH-
BEpTOpa HAIpyrd, KpiM IIyCKy aCHHXPOHHOT'O JBHT'YHA,
PO3MIISTHYTI PEKUMU HOPMaJIbHOI poOOTH i rajgpMyBaH-
HA. JlochmimKeHo CTpyM craTopa i poTopa, IIBHAKICTH
oOepTaHHS JBUTYHa Ta HOTO EJIEKTPOMArHiTHUH MoO-
MEHT.

Sk mokasyroTh mociimkens [10] BmmBy cTpyk-
TypHUX TapaMeTpiB Ha AMHAMIYHI HABAaHTAKCHHA Y
TpaHcMicii apromo0insa 3 I'CY, koedillieHTH TUHAMIY-
HOCTI B JIAaHKaxX TpaHCMicii aBTOMOOIIS 3 AeMIIpyBajb-
HUMH €IeMEHTaM1 Maiike Ha 89% MeHIi, TOpiBHIHO 3
TpaHcMicieto Oe3 aemndyBanbHUX eneMeHTiB. OJHak
MOXKJIMBOCTI MiJBUILIEHHS JeMI(yBalbHUX BIIACTHBOC-
Tel JTAaHOK TpaHCMicii € IOCHTh OOMEXECHHUMH, TOMY
MOUIYK KOHCTPYKTHBHUX MOJIIMBOCTEH 3MEHIICHHS
JUHAMIYHUX HaBaHTa)XCHb HA CJIIEMCHTH TpPaHCMIcCil
I'CY e akryamsHHUM i TOTpeOye IONATKOBHX IOCTi-
TDKCHb.

Merta i 3aBI1aHHA TOCTiIMKEeHHA

MeTor AOCHIIKEHHS € MABUIIEHHS JOBIOBIYHOC-
Ti enemeHTiB mpuBoay ['CY 3acTOCyBaHHIM IMPYIKHO-
emactryHoi Myt (ITEM). 3aBmaHHS HOCTIIKEHHS —
pO3pOOUTH CUMYIALIAHY MOIETh eJIeKTPOMEXaHITHOT
tpancmicii (EMT) 3 TIEM 1 mocimiauTd KOJMBaJIbHI
npouecu y 1l enemenrtax npu nycky EJl min HaBaHra-
JKEHHSIM.

Buxkiiax 0CHOBHOTO MaTepiaiy

V3aranbHena auHamiuHa moxaens EMT 3 T1IEM,
yTBOpeHOI J1BOMa HiBMydTamHu, M0 00epTaIOThCsl OJHA
BITHOCHO IHINOI, MIX SIKHMH BCTaHOBJICHO MPYXKHO-
neMIiyBabHUM €J1eMeHT, HaBeJeHo Ha (puc. 1).

ﬁ] /j 5] ﬁ T B
3 = f

=

T, [ 71,
T N
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Puc. 1. dunamiuyna mogens EMT 3 TIEM
ne J; — 3BeZIcHUI MOMEHT iHepIii poTopa eIeKTPOIBU-
ryHa i mepsunHHOi Macu [1EM; J, —cymapHMii MOMEHT
inepmii BropuaHOi Macu [TEM i maHOK 3uenmeHHs; J3 —
3BEJICHMA MOMEHT iHeplii BeaeHux yaHOK; Ty, T, —
3BeJIEH1 )KOPCTKOCTI BIJINOBIAHO NPYyXHUX J1aHOK [TEM i
TpaHceMicil; By 1 B, — koedimieHTH po3citoBaHHS eHeprii
BianosinHo y [IEM i tpaHcwmicii; T, — pymiidHuiA Mo-
MEHT eJIeKTPOJBUryHa; T, — 3BeJICHHI A MOMEHT OIIOpY.

Maremarnuda moaeiir EMT 3 IIEM onucana Ta-
KOI0 CHCTEMOIO IH(epeHIliaIbHUX PIiBHAHD JPYTroro
nopsaky (1):

J.@ :Te_c1(("1_¢’z)_[¥1(¢1_¢2);
3,0, =Cl((/)1—g02)+ﬂ1((/)1—(/)2)—02 (5”2
330 :Cz((oz_(/73)+ﬂz (¢2_¢’3)_Tr-

¢3)_ﬂz(¢z_¢3); (1)

Cumynsmiitna momens EMT 3 [IEM y cepenoBumi
MatLab Simulink ckiafaeTbcsi 3 ABOX CKJIAJOBHX: MO-
JIeJIi ACHHXPOHHOT'O €JIEKTPO/IBUTYHA (pHC. 2) Ta MOJENI
MexaHiuHo1 yacTnHu TpaHcwmicii 3 [IEM (puc. 3).

ACWHXpOHHHI €JIEKTPOABHUIYH BHOMpaBcs 13 cTa-
HAApTHUX Monenedd O6moky Asynchronous Machine Si
Units, ocHOBHI TTapaMeTpH SKOTO HaBeICHO Ha puc. 4.

JlociKeHHsT KOJNHMBAJIbHUX IIPOIECIB B €JIEMEH-
Tax TpaHCMicil BUKOHaHI 3a TaKMX MapaMeTpiB JTUHaMi-
ypoi mopxeni: J,=0,1 KF'MZ; J;=0,1 KF'MZ; Bi=4 H-c'm;
B.=0,02 H-c-m; T;=330 H-m/pax; T,=120000 H-m/paz.
PesynbraTi cuMystoBaHHS 300paXkeHO Ha (pHC. 5 — pHC.
8).

Ha puc. 5 nmogaHo 3anexHOCTi KyTOBOI IIBHIKOCTI
00epTaHHs BEICHOI MacH MPUBOJY 1 KPYyTHOTO MOMEHTY
B JIaHKax TpaHcMmicii 6e3 [IEM Bix yacy po3roHy.

AHanizyloun HaBeAeHI KpuBi, 6a4uMoO, 10 B MO-
MeHT mycky EJ] KpyTHHII MOMEHT y JIaHKaX TpaHCMicii
pi3ko 3pocrae 1o 17 H-m, i mpotsrom npubinsHo 1 ¢
3aryxae g0 Benuuwnad 7 H-M. Y mepion Bix 4 10 5,5 ¢
KpYTHH MOMEHT 3pocTtae 10 14 H-M, 110 noscHooeThCs
MIOJIOJIAHHAM 1HEPUIHHOTO HaBaHTAKCHHS IPH PO3TOHI
BEJCHOI MacH, 1 HIBHJIKO 3MEHIIYETHCS /10 BEIMYHMHHU,
sIKa BIATIOBiZa€e 3BeIEHOMY MOMEHTY OIIOpY pYyXoBi — 4
H-m.

Enextpomaruitauit moment EJl mpu msomy (pHc.
6) TakoXX pi3KO 3pOCTaE Ha IOYATKOBIN CTamii MycKy
eJIeKTpoABHUrYHA 10 66 H-M i micns 1 ¢ 3MeHIIyeThes 10
Benmmunan 15 H-m. Ilicns mporo Ha 5,5 ¢ cmocrepira-
€ThCs 301IBLICHHS] MOMEHTY 110 BennunHu 66 H-M 1 Ha
5,8 ¢ 6bauumo ¥oro crabimizamito Ta BUXiJ Ha yCTaICHUHA
KOJIMBAJBHUHN PEXXHUM y Mekax Bif -6 mo 22 H-m.

AHanoriyHi po3paxyHKH, IPOBEJEHI JJIs eNeKTPO-
MexaHI9HOT TpaHcMicii, ocHamenoi [IEM (puc. 7), mo-
Kazaiu, U0 MaKCUMaJlbHUN KPYTHUH MOMEHT Y i JaH-
kax T, B mepiox nmycky 3meHmuBes 1o 9 H-m. Yac pos-
TOHY JIO YCTaJIEHOT IBUKOCTI 0OEpTaHHs BeJleHOT MacH
Jero 3pic (mo 6,8 ¢), a KpyTHHIT MOMEHT, SIKHi BUHUKAE
B JIaHKax TPaHCMicii miJ 4ac pO3roHy A0 YCTaJeHOi
MBUAKOCTI He iepeBuirye 13 H-m.

KpyrHuit MmomenT y nankax [TEM B nepion mycky
(puc. 7) He nmepesunrye 10 H-M, a #oro BennunHa mpu
JIOCSITHEHH] YCTAJIGHOTO PYyXy BEJAEHOI MacH JEIo Me-
Hua 3a 5 H-m.
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VYR LU dIl ITILETTIdE TIRULE Al PHUITIL

Configuration Parameters

[3.73e+04 460 60]

[0.09961 0.000867]

[0.05837 0.000867]

Mutual inductance Lm (H):

0.03039

[0.4 0.02187 2]

Initial conditions

L Block Parameters: Asynchronous Machine S| Units =

Advanced

Neminal power, voltage (line-line), and frequency [ Pn(WA),Vn{Vrms),fn(Hz)

Stator resistance and inductance[ Rs(ohm) Lls(H} 1:

Rotor resistance and inductance [ Rr'{ohm) LIr'(H) I:

Inertia, friction factor, pole pairs [ J(kg.m~2) FN.m.s) p() ]

-~

Load Flow

[[10000000]

[ simulate saturation

[i{Arms) ; w(VLL rms)]: 8367 ;

230, 322, 414, 460, 506, 552, 598, 644, 690

Plot

>

Cancel Help Apply

Puc. 4. BikHo nmapameTpiB aCHHXPOHHOT'O €JIeKTPOIBUTYHA

20
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: B N
T T" 35
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-10 ; ; ] ‘
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t,c

Puc. 5. 3mina kpyTHOro MoMeHTy T, — y JTaHKax TpaHc-

Micii i @3 — KyTOBOT IIBHIKOCTI BEACHOT MaCH y TpaHC-
Micii 6e3 [IEM

T ,HmM

0 2 4 6 8 10
t,c
Puc. 6. 3mMiHa e1eKTPOMAarHiTHOro MOMEHTY aCHHXPOH-
HOTO €JIEKTPO/IBUT'YHA

T, Hwm
Wy l(]‘I , pag/c

6 8 10

=
|
IS

t, ¢
Puc. 7. 3mina kpyTHOTO MOMeHTY T, — y JIaHKaX TpaHC-
Micii, @3 — KyTOBOI IIBUKOCTI BEJACHOI MaCH y TPAHC-
micii 3 [IEM

[TikoBuit kpyTHUit MmomeHnT y nanui [IEM T; csrae
22 H-m (puc. 8), Toai sik y TpaHemicii T, — 13 H-m (zuB.
puc. 7), mo miarBepkye edhekTuBHICTE poboT [TEM.

OTxe, KOJIHUBAJbHI MPOIECH B €ICKTPOMEXaHITHIH
tpaHcwMicii 3 TIEM nporikatoTs 6iibIll MJIaBHO, a KPYT-
HUI MOMEHT Y il JIJAHKaX y I0YaTKOBUM MOMEHT IIyCKY
eJICKTPOABHUIYHa B 1,9 pa3u MeHIIMH, HIX B aHAJIOTiY-
Hilt TpancMicii 6e3 IIEM (mqus. puc. 5 i puc. 7). Otpu-
MaHi pe3ynbTaTH MiATBEPKYIOTh BUCYHYTY HaMH Tilo-
Te3y, 10 Ul TiOpUIHMUX TpaHCMICii aBTOMOOUIIB, sKi
XapaKTepU3yIOThCS NP PYCi B MICBKOMY IIMKJI CTapT-
CTOIOBHM PEXKHMOM POOOTH, ISl 3MEHIICHHS HaBaH-
Ta)KeHHS Ha JIAHKM TPaHCMICIii JOIIIbHO BCTAHOBJIIOBA-
tu [1IEM.
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Puc. 8. 3mina kpyrHoro Mmomenty T; y manmi [IEM

BucHoBxku

1. Po3po0biieHo AuHAMIYHY, MaTeMaTHIHY W CUMY-
maniiny (y cepenosumni MatLab Simulink) momeni
EMT 3 [IEM y nepion po3roHy.

2. JlocmimKeHO KOJIMBaJbHI MPOLECH Y JaHKax
TpaHCMICIT B mepion mycky 0e3- i 3a HasBHOCTI [IEM.
Iloka3zaHo, 110, 3a IHIIMX OJHAKOBHUX YMOB, I Yac
mycky EJ] mikoBuit KpyTHHI MOMEHT y TpaHcMicii B 1,7
pas3u MeHImH, HiX y ganui [IEM.

3. 3MEHIIEeHHS BEJIMYUHU KPYTHOTO MOMEHTY B
nmankax EMT crpustume miaBHICHHIO 11 pecypcy.

[lepcnekTHBY MOAANBIINX PO3BIIOK y JaHOMY Ha-
NPSMKY: JOCIHIDKEHHSI JUHAMIKM IPUBIAHUX CHCTEM
aBTOMOOLIIA.

Jlitrepatypa

1. Cmupnos, O.11. [lepcnexmusHi Hanpsamu po3eumKy cyydac-
Ho2o asmomo6inedyodysanns [Texcm] / O.I1. Cmupnog // Bic-
nux Hay. mexn. yn-my “XII". Cepis: Asmomobine- ma mpa-
Kkmopobyoysanns. — 2014. — Ne 9 (1052). — C. 61-65.

2. Kindratskyy, B.l., & Litvin, R.H. (2019). Oscillation
Processes in a Transmission with a Dual-Mass Flywheel while
Moving a Car from Rest. “Ukrainian Journal of Mechanical
Engineering and Materials Science”, 5(1), 93-104.
https://doi.org/10.23939/ujmems2019.01.093

3. Lei Chen, Xiao Zhang, Zhengfeng Yan, & Rong Zeng
(2019). Matching Model of Dual Mass Flywheel and Power
Transmission Based on the Structural Sensitivity Analysis
Method. “Journal Symmetry ”, 11(2), 29.
https://doi.org/10.3390/sym11020187

4. Liupeng, He & Xia, Changgao & Chen, Sida & Guo, Jiwei
& Liu, Yi. (2019). Parametric Investigation of Dual-Mass
Flywheel Based on Driveline Start-Up Torsional Vibration
Control. Shock and Vibration. 1-12.
https://doi.org/10.1155/2019/3171698

5. Yaban, A.B. Mamemamuune MOOENO8aAHHA KOAUBAIbHUX
npoyecie 6 enrekmpomexaniunux cucmemax. [Texem] / A.B.
Yaban. — JIveis: B-6o Tapaca Copoku, 2007. — 312 c.

6. Kouemxos, B.Il. (2013). Hccredosanue OuHamuku acuHx-
ponnozo osucamens [Texcm] / B.Il. Kouemxos, H.C. Kypou-
xun, H.B. Ilyenenox // Becmuux Kpacnospckoeo eocyoapcm-
6enHoeo azpaproeo ynugepcumema. — 2013. — Ne 7. — C. 248-
254,

7. Cenughonos, B.B. Bvibop nymeii CHudicenus OUHAMUYECKUX
HA2py30K 6 MEXAHUYECKOU MPAHCMUCCUL ABMOMOBUIISL C KOM-
OUHUPOBAHHOU SHepauyeckoll ycmanoskou npu 3anycke JIBC ¢
x00y [Texcm] / B.B. Cenucgponos, X.T. Heyen // Mawunocmpo-
enue u komnvromepHuvle mexnonoeuu. — 2011, —Ne [. — 10 c.

8. Cenugponos, B.B. Paspabomra Ounamuueckou mooenu
MEXAHUYECKOU MPAHCMUCCUU ABMOMOOUNS ¢ KOMOUHUPOBAH-
HOUl  DHepeemuyecKol YCMAHOBKOU NAPAILeNIbHO20 Mund
[Texcm] / B.B. Cenucgponos, X.T. Heyen // Mawunocmpoenue
u Komnwvromepuvle mexvonoeuu. —2011. —Ne [. — 8 c.

9. Ceménos, A.C. Mooenupogatue pextcumos pabomvl acum-
Xponnoz2o dsuzcamens 6 nakeme npoepamm MatLab [Texcm] /
A.C. Ceménos // Becmuux Cesepo-Bocmounozo ¢hedepanvro-
20 ynusepcumema um. M.K. Ammocoea. — 2014. — Ne 11(1). —
C. 51-59.

10. Cenugponos, B.B. Hccredosanue 8nusauus cmpyKmypHuix
napamempog Ha OUHAMUHECKUE HASPY3KU 6 MeXAHUYecKOl
MPAHCMUCCUU ABMOMOOUNSL € 2UBPUOHBIMU CUTIOGBIMU YCIA-
noskamu (I'CY) [Texcm] / B.B. Cenugponos, X.T. Heyen //
Hzeecmusi Mockogckoeo 20cyoapcmeenno2o MmexHU4ecKo20
yrusepcumema “MAMHU”. —2010. —Ne 2. — C. 76-79.

References

1. Smyrnov, O.P. (2014). Perspective directions of develop-
ment of modern automotive industry. Bulletin of the National
Technical University "KPI". Series: Automotive and Tractor
construction, 9(1052), 61-65.

2. Kindratskyy, B.l., & Litvin, R.H. (2019). Oscillation
Processes in a Transmission with a Dual-Mass Flywheel while
Moving a Car from Rest. “Ukrainian Journal of Mechanical
Engineering and Materials Science”, 5(1), 93-104.
https://doi.org/10.23939/ujmems2019.01.093

3. Lei Chen, Xiao Zhang, Zhengfeng Yan, & Rong Zeng
(2019). Matching Model of Dual Mass Flywheel and Power
Transmission Based on the Structural Sensitivity Analysis

48



EﬂeKmpoeuepeemuKa, eﬂelcmpomexnika ma €J1€Kmp0ﬂ/lextllll'l('a

Method. “Journal Symmetry”,
https://doi.org/10.3390/sym11020187

4. Liupeng, He & Xia, Changgao & Chen, Sida & Guo, Jiwei
& Liu, Yi. (2019). Parametric Investigation of Dual-Mass
Flywheel Based on Driveline Start-Up Torsional Vibration
Control. Shock and Vibration. 1-12.
https://doi.org/10.1155/2019/3171698

5. Chaban, A.V. (2007). Mathematical modeling of oscillatory
processes in electromechanical systems. Lviv: Taras Soroka
Publishing House, 312.

11(2), 29

the Northeast Federal University. M.K. Ammosova, 11(1), 51-
59.

10. Selifonov, V.V., & Nguen, H.T. (2010). Investigation of
the influence of structural parameters on dynamic loads in a
mechanical transmission of a car with hybrid powertrain (HP).
News of Moscow State Technical University “MAMI”, Ne 2,
76-79.

PeneH3eHT: TOKTOp TEXHIYHHUX HayK, mpodecop Kaden-
pH eKcIDIyaTamii Ta PEeMOHTY aBTOMOOITBHOI TEXHIKH

6. Kochetkov, V.P., Kurochkin, N.S., & Tsuhlenok, N.V.
(2013). The study of the dynamics of an asynchronous motor.
Bulletin of the Krasnoyarsk State Agrarian University, N2 7,
248-254.

7. Selifonov, V.V., & Nguen, H.T. (2011). Choice of ways to
reduce dynamic loads in a mechanical transmission of a car
with a hybrid powertrain by starting an internal combustion
engine on the move. Mechanical engineering and computer
technology, Ne 1, 10.

8. Selifonov, V.V., & Nguen, H.T. (2011). Development of a
dynamic model of a mechanical transmission of a car with a
hybrid powertrain of parallel type. Mechanical engineering
and computer technology, Ne 1, 8.

9. Semyonov, A.S. (2014). Modeling the asynchronous motor
operating modes in the software package MatLab. Bulletin of

I'.C. T'ym3, HamionanpHuii yHiBepcuteT «JIbBiBCBKa
moJiTexHikay, JIbBiB, Ykpaina

ABTOp: KIHI[PAL[LKI/IPT Borpan Imiy

O00KMOp MEXHIYHUX HAYK, npoghecop

Hayionanvuuii ynieepcumem ‘“‘Jlvgigcoka nonimexuixa”
E-mail — bohdan.i.kindratskyy@Ipnu.ua

ID ORCID: http://orcid.org/0000-0001-6761-0223

Asrop: JUTBIH Poman I'puroposuu

acnipaum

Hayionanvnuti ynieepcumem ‘“‘Jlvgiecoka nonimexwika”
E-mail — roman.h.litvin@Ipnu.ua

ID ORCID: http://orcid.org/0000-0002-4418-5970

TRANSITION PROCESSES IN ELECTROMECHANICAL TRANSMISSION WITH A RESILIENT-
ELASTIC COUPLING

B. Kindratskyy, R. Litvin
Lviv Polytechnic National University, Lviv, Ukraine

Driving systems for hybrid cars and electric vehicles equipped with electric motors have different structures
and characteristics. In the vast majority of hybrids, depending on the driving mode, the torque on the wheels of the
car can be generated separately by both the internal combustion engine and the electric motor, or by working
together.

Based on the research results it is established that at the moment of starting the electric motor, the torque in
the transmission sections steeply increases to 17 N-m, and for about 1 s decreases to the value of 7 N-m. In the
period from 4 to 5.5 s, the torque increases to 14 N-m, which is explained by the overcoming of the inertial load
during acceleration of the driven weight, and rapidly decreases to the value of 4 N-m, which corresponds to the
consolidated moment of resistance to movement. The electromagnetic moment of electric motor thus also increases
steeply in the initial stage of starting the motor up to 66 N-m and after 1 s decreases to the value of 15 N-m. After
5.5 s there is an increase in the moment to the value of 66 N-m and after 5.8 s it stabilizes and ranges from -6 to
22 N'm. In turn, the calculations for an electromechanical transmission equipped with a resilient-elastic coupling
showed that the maximum torque in its sections 7, during the start-up period decreased to 9 N-m, and the
acceleration time to a steady turning velocity of the driven weight slightly increased to 6.8 s. The torque that occurs
in the transmission sections during acceleration to a steady velocity does not exceed 13 N-m. The torque in the resil-
ient-elastic coupling sections during the start-up period does not exceed 10 N-m, and its value, upon reaching the
steady motion of the driven weight, is slightly less than 5 N-m. Peak torque in the resilient-elastic coupling sections
T, reaches 22 N-m, while in the transmission 7, it is 13 N-m, which confirms the efficiency of resilient-elastic cou-
pling operation.

Thus, the use of resilient-elastic coupling in an electromechanical transmission can reduce the amplitude of
the torque in the drive sections during the start-up period by about 1.9 times, as compared to the amplitude of the
torque without resilient-elastic coupling, and reduce the peak torque of the transmission sections by 1.7 times.

Keywords: asynchronous electric motor, dynamic model, mathematical model, simulation model, torque.

49


https://orcid.org/0000-0002-4418-5970

