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JneKTpoMexaHu4yecKoe yCTPOMACTBO
ANA aKKyMYJIMPOBaHUA 3HEprum

B.[. NaBnoB

Bnagumupckuit rocypapcteeHHbin yHuBepeuteT uM. AT, u H.I. CtoneTosbix, Bnagumup, Poceuitckas ®epepaums

AHHOTAUMA

Beepenue. KpatkoBpeMeHHble MUKOBbIE HArpy3KM MaLLWH U MeXaHM3MOB MOPOXAAT He0bX0AMMOCTb B aKKYMYNIMPOBaHUK
MeXaHW4eCKoW 3HepruM AN1A eé NocnedyoLero MMNyNbCHOTO UCMOMb30BaHKSA. 3T0 BMOJIHE aKTyanbHO, HanpuMep, ANnA TH-
radyei Ha CTapTOBOM 3Tane BYKCMPOBKM TAKENbIX NpULENoB. MpUMeHEHNE aKKYMYNATOpa MeXaHUYeCKOM 3Heprv No3BoamuT
YMEHbLUUTb MOLLHOCTb ABUraTeNIA TAra4a 1 pacLuMputb ero QyHKLMOHANbHBIE BO3MOXHOCTY.

Llenb — pa3paboTka MaTeMaTUUECKON MOLLENIM aKKYMYNATOpPa MeXaHUYECKON 3Hepruu.

MeToabl uccneAaoBaHMIA. AKKYMyNATOP MeXaHWYECKOW 3HEPrUM MOXKET ObiTb BbINOSIHEH B BUAE 3NEKTPUYECKOHA MALLMHBI
MOCTOSHHOTO TOKa WM BEHTUNBHOM, Ha Bajly KOTOPOI 3aKpenséH cynepMaxoBuK. Mpyu NOSKIIOYEHUN MALLMHBI K UCTOUHUKY
NMUTaHWS BO3HMKAET HECTALMOHAPHBIN NPOLIECC, ONUCbIBaEMbIN ABYMS AuddepeHUnanbHbIMU YpaBHEHUAMU: 0OHO — ANS Me-
XaHWYECKUX BENMYMH, [pyroe — LA 3neKTpudeckux. Pewenns auddepeHUmManbHbIX YpaBHEHMIA NOBTOPSIOT COOTHOLLEHMS
ANS 3apSAJKU M PaspAnKKM 3NEKTPUYECKOr0 KOHAEHCaTopa.

Pesynbtathbl. M3 nonyyeHHbIX hopMyn cneayeT, YTO Ans 3MEKTPUYECKOW Lienu paccMaTpuBaeMblid akKYMYNIATOP MeXaHuue-
CKOM 3HEPruu HeOT/IMUMM OT 3NIEKTPUYECKOro KOHAeHcaTopa. 3 atoro cnefyert, 4To B JaHHOM Cilydae MOXHO BECTU peyb
06 MCKyCCTBEHHOI 3/IEKTPUYECcKon EMKOCTU. KpoMe Toro, BO3HMKAET UCKYCCTBEHHOE 3/IEKTPUUECKOE COMPOTUBIEHME (KOTO-
poe He CBS3aHO C YAENbHbIM CONPOTUBIEHWEM, AJIMHOW W NNOLLAAbK CEeYEHUs MPOBOAHMKOB). B CBA3M C M3NOMEHHBIM aK-
KYMYNATOP MeXaHWYECKOM 3HEPTUM MOXKHO TPaKTOBaTb KaK UCKYCCTBEHHbIN 3NIEKTPUYECKUIA KOHAEHCATOp, KOTOPLIA 3anacaeT
He 3HEpPTuIo MEKTPUYECKOr0 NONA, @ KMHETUYECKYH0 SHEPrii0 BpaLLEeHMs CynepMaxoBuKa.

3akuntoyeHmne. CyLLecTBYIOT KOHCTPYKLMM CYrepMaxoBMKOB, CrOCcobHble 3anacaTb CYLLECTBEHHYH KUHETMUYECKYI0 SHEpruto.
W3yyanacb faxe BO3MOMHOCTb YCTAHOBKW MX Ha JIErKOBOM TpaHcnopTe. B 3T0M cMbicne MaccuBHble Taraun umetot bec-
CMOpHOe MpenMyLLIECTBO, MOCKOMbKY YBENIMUYEHUe Beca A HUX He TONbKO He NpobieMaThyHo, HO B HEKOTOPbIX Chy4asx
JKEenaTenbHo.
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for energy accumulation
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ABSTRACT

BACKGROUND: Short-term peak loads of machines and mechanisms arise necessity in mechanical energy accumulation
for its consequential impulse use. For instance, it is quite relevant for trucks at the initial stage of dragging heavy trailers.
Use of mechanical energy accumulator will help to decrease truck engine power and to enlarge its functional capabilities.
AIM: Development of the mathematical model of the mechanical energy accumulator.

METHODS: The mechanical energy accumulator can be made either as a permanent magnet synchronous machine or as
a converter-fed electric motor with the super flywheel mounted at the motor shaft. When the machine is connected to the
supply source, the non-stationary process described with two differential equations, mechanical and electric, occurs. Solutions
of the differential equations replicate ratios for charging and discharging of an electric capacitor.

RESULTS: According to the obtained formulae, the mechanical energy accumulator seems identical to an electric capacitor
for an electric circuit. Therefore, artificial electric capacity can be discussed. Moreover, artificial electric resistance not related
to conductor’s specific resistance, length and cross-area, occurs. In view of the aforesaid, the mechanical energy accumulator
can be considered as an artificial electric capacitor accumulating not electric field energy but kinematic energy of super-
flywheel's rotation.

CONCLUSIONS: There are designs of super-flywheels capable of accumulating sufficient amount of kinetic energy. The ability
of implementing them into passenger vehicles was studied as well. In this context, massive trucks have an undeniable
advantage because weight increase is not only non-problematic but preferable in some cases.

Keywords: truck; load; dragging; trailer; accumulator; energy; electric machine.
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KOMBMHNPOBAHHBIE 3HEPTETUHECKVE YCTAHOBKA

BBEJEHUE

KpaTkoBpeMeHHble MUKOBbIE Harpy3KM MalUMH W MeXa-
HW3MOB MOPOXAAOT HE0BX0AMMOCTb B AKKYMYyNMpOBaHUM
MEXaHUYeCKON 3HEepruW AN e€ Mnoc/efyLwero UMNynbC-
HOro MCMoNb30BaHUs. 3T0 BrONHE aKTyaNbHO, HanpuMep,
AN TAradyeil Ha CTApTOBOM 3Tane OYKCMPOBKM TAMENbIX
npuuenos [1-3]. MpuMeHeHWe aKKyMynATopa MexaHWU4eCKoi
3HEprum No3BOSIUT YMEHbLUMTL MOLLHOCTb ABUraTeNs Tarada.

MATEPWUAJbI, MOAEJIN,
3KCNEPUMEHTbI U METO[1bI

AKKyMynaTOp MexaHW4eCKo# 3Hepruv MoXeT ObiTb Bbl-
MOJSHEH B BUAE 3NEKTPUYECKON MALUMHBI MOCTOSHHOIO TOKa
WM BEHTWIIBHOW, Ha Baly KOTOPOW 3aKPENIEH CynepMaXxoBuK.

Mpy NOAKNKOHEHUN MALLMHBI K UCTOYHUKY MUTaHWUSA BO3HM-
KaeT HecTaLMOHapHbI NpoLecc, OMMUCLIBAEMBIN CriedyoLMMH
BblpaXKeHnamu [4—7].
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roe J — MOMEHT MHepLmMM CynepMaxoByKa B COBOKYMHOCTH
€ co6CTBEHHBIM MOMEHTOM MHEPLMW 3MIEKTPUYECKOW MaLuu-
Hbl, @ — YrNoBoe nonoxeHue potopa [8, 9], & — Koad-
(QUUMEHT BA3KOIO TpeHus, B — 3HauyeHne MarHUTHO UH-
aykumu [10], 2/ — paboyas ANMHa BUTKA AKOPHOI 06MOTKM,
W — YMCII0 BUTKOB SIKOPHO 00MOTKM, DD — pnaMeTp sKo-
ps, R — aKTMBHOE COMpPOTUBNIEHME 3MEKTPUYECKON LENM,
U — HanpsKeHWe UCTOYHWUKA NUTaHUA.

PE3YJIbTATbI

[lns KoMnNaKTHOCTM BBOAMTCA 00603Ha4eHUe:

BlwD =Y .
OyeBunaHble HaYanbHbIe YCNOBUS:

(1)

o de
0(0) =, 7 (0)=w,. (2)

k] BTOPOro BblpaXeHUA CUCTEMDI ypaBHeHMVI BblTEKAET

dp R, U
DSz, 3)
dt Yy Y

d¢ __Rdi

a’*  Ydt

I'IpM NOACTaHOBKE B NepBoe BblpaXxKeHWe CUCTEMbI ypaB-
HEeHUM nonyyaetcs:

JRdi kR .

Yd Y Y

Tom 18, N2 1, 2024

DOl https://doi.org/10.17816/2074-0530-623775

di (Y* k). kU
— | —t+—=|i=——.
d \JR J J R
ﬂ,ﬂﬂ KOMIMAKTHOCTK BBOOATCA 0603Ha‘-IeHVIﬂ:
Y ok_, kU_
JR J "JR

B cootBeTCTBUM € 3TUM:

B.

—+ Ai=B.
t
Obulee peLLeHWe 3TOM0 YpaBHEHUS UMEeT BUL:

. —At
ip=Ce .

YactHoe pewenne — i, =C,.

V13BecTvis MITTY «MAMW

W3 3toro B covetanmm c (4) cnepyet: 0+ AC, =B,

ToK B Lienu UMeeT BUL:
N )
i=i+i,=Ce ™" +—.
A

Nmes B Buay (2) 1 (3),
U Yo
(0)=——-—=.
i(0) 2 R

13 3toro B couetanum ¢ (5) cnenyer:

U

. U—YOJO U —_p
i= -= el t—T——=
R Y /k+R Y /k+R
U-E, U )| _,.. U
R R, +R R, +R

3pecy £, =Yw,. Torga:

1 1 1 1 1

T R JY +J/k "R JY +(J/Y2)(Y2/k)
1 111

RC, RC, 1, 1

e m

Ecm k=0, R, =, 10
U-E
i= Oeft/'c
R

(6)




16

HYBRID POWER UNITS

RJ
F
BoipaeHus (8), (9) noBTOpAIOT COOTHOLLEHUS ANA 3apaj-

KM 3NEeKTPUYECKOr0 KOHAeHcaTopa.
Ecnm coeamhmntb Mexxay coboi KOHLbI AKOpHO/ 06MOTKY, TO

£ et

R

370 BbIpaXeHMe NOBTOPSET COOTHOLLEHWUE ANs Pa3pALKM
3MEKTPUYECKOr0 KOHeHcaTopa.

N3 dopmyn (6) — (9) cnepyert, 4To ANA 3NEKTPUHECKON
LLenu paccMaTpuBaeMblii aKKYMYNATOP MeXaHUYECKOW 3Hep-
MM HEOT/IMYMM OT 3NIEKTPUYECKOTO KOHJEHcaTopa.

N3 3toro cnepyet, 4To B LAHHOM CNly4yae MOXHO BECTM
peyb 00 MCKYCCTBEHHOW 3NEKTPUYECKas EMKOCTM, KOTopas
paBHa:

T=

=RC,. 9

1=

J
CJ :F.

KpoMe TOro, BO3HMKaeT WCKYCCTBEHHOE 3fleKTpuye-
CKOE COoMnpoTUBNEHWe (KOTOpoe He CBSI3aHO C YAENbHLIM
COMPOTMBIEHUEM, [ASIMHOW W NNOWAAbl0 CEYeHUs Mpo-
BOJHUKOB):

Y2
R =—.

k

AKKYMynaTop MeXaHM4ecKoW 3Heprum HakaniuBaet

3HEepruio

Ut JUt Jo’
2 2rr 2

3KBMBaNeHTHas 3NEKTPUYECKAs CXeMa aKKymynaTopa
MEXaHWYeCKO 3Heprun npeacTaBieHa Ha puc. 1.

Ha puc. 2 nokasaH rpaduk ToKa 3apsiAKv/paspaaku uc-
KYCCTBEHHOW 3/IEKTPUYECKas EMKOCTU.

B cBA3U C WM3NOKEHHBIM AKKYMYNATOP MeXaHUYeCcKoM
3HEpruM MOXKHO TPAKTOBaTb KaK MCKYCCTBEHHbIA 3NeKTpU-
YECKWN KOHLLEHCATOp, KOTOpbIN 3anacaeT He 3Hepruto neK-
TPUYECKOTO MOMS, @ KMHETUYECKYI0 SHEpruio BpaLLeHus
CynepMaxoBuKa.

w

Y¥k
R —___
— 1

J/Y?

Puc. 1.
3Heprum.
Fig. 1. An electric diagram of the mechanical energy accumulator.
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Puc. 2. XapaKkTep ToKa npu 3apsaKe U pa3psAAKe UCKYCCTBEHHOM
3/1IeKTPUYECKON EMKOCTH.

Fig. 2. Current behavior at charging and discharging of an artificial
electric capacitor.

3AKJIO4YEHUE

CyLLecTBYIOT KOHCTPYKLMM CYnepMaXxoBUKOB, COCObHbIE
3anacatb CyLLeCTBEHHYI KUHETUYECKYIO 3Hepruio. M3yyanach
AaXe BO3MOXHOCTb YCTAHOBKM WX Ha NIErKOBOM TPaHCMOpTe.
B 310M CMbICNE MaccvBHbIe TArauM UMetoT eccnopHoe npe-
MMYLLIECTBO, NOCKOJIbKY YBENMYEHME BECA 415 HUX HE TOMbKO
He NpobnemMaTyHO, HO B HEKOTOPbLIX CIy4asX JKenaTesbHo.

AOMO/HUTE/IbHASA UHOOPMALUA

Bknap aBTopa. ABTOp MOATBEpKAAET COOTBETCTBME CBOEMO
aBTOPCTBa MeXAyHapoaHbIM KputepuaMm [CMJE (aBTop BHEC
CYLLLeCTBEHHbIN BKITaZ B pa3paboTKy KOHLENLMK, MpoBeLeHue
WCCefoBaHUA W MOArOTOBKY CTaTby, MPOYEN W ofobpun du-
HarbHY0 Bepcuio nepep nybnvkawmen).

KoHdnukT uHTepecos. ABTOp AeK/IapypyeT OTCYTCTBME SBHbIX
W NOTEHUMANBHBIX KOH(QMKTOB MHTEPECOB, CBA3AHHbLIX C My-
BnMKaLMen HaCToALLEN CTaTbi.

WcTouHmnk dpmHaHcpoBaHus. ABTop 3asiBNSET 06 OTCYTCTBUM
BHELLHero GMHaHC1POBaHUS MPY MPOBEAEHWM UCCNE0BAHMS.
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