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KOMITEHCAIVIA IIMKOBBIX HATPY3OK
TPAHCITOPTHO-TEXHOJIOTMYECKNX MAIIIMH
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Kypranckmnii rocygapcTBeHHbII yHUBepcUTeT, T. Kypran, Poccuiickaa ®epepanmus

AHHOTaIMA KnroueBbre cioBa

PaccmoTpena BO3MOYXHOCTD OCHALlEHMs TPAHCIIOPTHO-  TpaHcnopmHo-mexHono2u-
TEXHOJIOTMYECKUX MAIIVMH MHEPTHO-eMKOCTHBIM HAKO-  ueckds MAuluHa, HaKonumeno,
IUTE/IEM SHEPIUM, YTO IIO3BOMMUT CITIAIUTDb HATPY3Ky Cynepmaxosuk, CUmosas ycma-
Ha CUJIOBYIO YCTaHOBKY U 3a CYET 3TOTO YMEHDIIUTD €€  HO8Kd, IHep2o3dPexmusHocms
MOIIIHOCTb ¥ Maccorabapurbl. Harpyska pspma TpaHc-

MOPTHO-TEXHOJIOTMYECKMX MAlllH MMeeT CYLeCTBEHHO

HepaBHOMEPHbIIT XapakTep. MOIHOCTb CUIOBbIX yCTa-

HOBOK OIpefensaeTcs MUKOBOJ Harpyskoit. O4eBugHo,

4yTo OOMBIIYI0 YacThb BPEMEHM CWIOBasA YCTaHOBKA

paboraer B HemOrpy)XeHHOM pexume. IIpemmoxeHo

TEXHNYECKOe pellleHne MO KOMIIEHCAIMM MMKOBBIX

HAarpy3oK TpPaHCIOPTHO-TEXHOMOIMYECKMX  MAILVH.

YacTas cMeHa pexxumma pabOTbl TPAHCIHOPTHO-TEXHO-

JIOTMYEeCKMX MalivH 00ycloBnuBaeT 3PPeKTUBHOCTD

U LelecO0OpasHOCTb OCHAIEHVA WX HaKOIIUTeNIeM

sHepruu. IIoMrMo criaxmBaHus Harpy3Ku Ha CUJIOBYIO

YCTAHOBKY HAaKOIMNTeNb IO3BOMUT peKyNeprpoBaTh

SHEPIMIO TpU TOPMOXXEHWM, 3a CYET YEro BO3pACTeT

sHeproaddexTuBHOCTD MammHbL. [IpefcTaBaeHsl Teo-

peTidecKre TpeAroCbUIKM CO3aHMA MHEpPTHO-eMKO-

CTHOTO HAKOIIMTE/IS SHEpIuy, KOTOPBI TeXHMYECKNU

BBIIIOJIHEH B BUjle MAIVHBI IIOCTOSHHOIO TOKAa C Cy-

TepMaxoBUKoM. VICIonb30BaHe MaXOBUKOB Ha TPaHC-

IIOPTHO-TEXHOJIOTMYECKMX MAIMHAX OIPAaBJAHO B CUILY

HEXKeCTKMX TpeOoBaHMIl K 00elt Macce. Jpyrum mnpe-

UMYIIECTBOM HEKOTOPBIX TPAHCIIOPTHO-TEXHONOTIYE-

CKMX MAIIVH AB/IAETCA Ha/IU4ME SNEKTpOMexaHmdeckoit  IToctymmma 04.07.2019
TPAaHCMMCCUM, YTO MUHMMUSMPYeT paspaboTky pac- I[Ipmmsra 07.10.2019
CMOTPEHHOTO MHEPTHO-EMKOCTHOTO HAaKOIIUTEA © Astop(sr), 2020

BBepenne. Harpyska TpaHCIOPTHO-TEXHOJIOTMYECKMX MALIMH (9KCKaBaTOPOB,
Oy/IbI03epOB, MAHEBPOBBIX TEI/IOBO30B 1 Jp.) MIMeeT CyIleCTBEHHO HEepPaBHO-
MepHbIiT XxapakTep [1, 2]. MOIIHOCTb MX CM/IOBBIX YCTAHOBOK OIIpefesisieTcs

ISSN 0236-3941. Bectnuk MI'TY um. H.9. baymana. Cep. Mammnoctpoenne. 2020. Ne 3 85



VI.IT. ITomoB

HMKOBOJ Harpyskoit. OTMeTMM TaxoKe, YTO OOJIbIIYIO YaCcTb BpeMeHM CUIOBas
yCTaHOBKa paboTaeT B HEOTPY)XeHHOM pexume [3-5].

Ilenv pabomvl — pa3paboTKa TEXHMYECKOTO pelleHMs 110 KOMIIeHC AN
IVKOBBIX HAIPY30K TPAaHCIOPTHO-TEXHOJIOTMYIECKIX MAllIVH.

3a0aua uccnedosaHus COCTOUT B IIOCTPOEHMM MATEMaTUIECKON MOJe/In
VHEPTHO-eMKOCTHOT'O HaKOIIUTE I S9HEPINN.

AKmyanvHOCMb HACTOSIIETO VICCIIEOBAHNA O0YCTIOBIEHA TeM, YTO VICIIOJIb-
30BaHMe HAKOIUTE/IsI SHEPIYM IT03BOJIUT CIVIANTh HAarpy3Ky Ha CIWIOBYIO yCTa-
HOBKY U, KaK CJIe[iCTBM€, YMEHBUINTb ee MOIJHOCTb M Maccorabaputsl [6, 7].
OTHOCKTENIBHO YacTasg CMeHa PeXXMMa paboThl TPaHCHOPTHO-TEXHOTOTNIECKO
MaIIVHbBI 00YC/IOB/INBaET IIe/1eCO00PasHOCTb OCHAII[EHN ee HaKOIMTe/IeM SHep-
v [8, 9].

[ToMyMO CryaXyMBaHMS HArpy3KM Ha CWIOBYK YCTAHOBKY HAKOIIMTeETIb
II03BO/IUT PEKYNepUpPOBATb SHEPINIO TPV TOPMOXKEHIN (0COOEHHO aKTya/IbHO
/11 MAaHEBPOBOTO Ter1oBo3a) [10], 3a cueT yero BospacreT sHeproadpdexTns-
HOCTb MaIllVHBbI.

Marepuainbl I METORBI pellleHN: 3aay, NPUHATbIe FomyieHnsa. OCHOB-
HBIMJ MeTOJJaMI MCC/IeIOBaHNUA B paMKaX HacTOsAIIel paboThl ABIAIOTCA METO-
Jibl MaTeMaTMYeCKOTO MOMIETIMPOBaHMs U aHa/mu3a. JICIomb3oBaHHbIE METOMbI
HO3BOJIAIOT HOTYYNUTh JOCTOBEPHOE OMICAHME VICCTIeyeMbIX OObEKTOB.

Teopernyeckne MPeNNOCBUIKM CO3JAHMA MHEPTHO-eMKOCTHOTO HAaKO-
NUTENA SHeprMM. B KauecTBe TaKOro HAKOMUTENA MOXKHO pPaccMaTpyBaTh
MaIIIHY IOCTOSHHOTO TOKA C CYIIePMaXOBUKOM.

[Tomaya Ha AKOPHYI0 0OMOTKY IIOCTOSTHHOTO HanpspkeHuA U MHNIMKPYeT
cnenyromye Mexanmdeckuit [11-13] n anexTpudeckuii [14-15] mporeccsr:

d? d D
49 L k2 o Z;
dt? dt 2

Dd
Baw—=22 L Ri=uU,
2 dt
e /] — CyMMapHbIi MOMEHT uHepiuy; k — KoapduumeHt TpeHns; B — mar-
HUTHaA ]/[HJIYKHI/IH, 2l — AaKTUBHAaAa ,T_[TH/[Ha HPOBOI[HI/IKa; W — YMCI0 BUTKOB;

D — s¢dexTUBHBI fyIaMeTp poTopa; R — ajeKTpudeckoe CONpOTHBICHNE.
Mo>kHO BBeCTH ITapaMeTpu4ecKnit KoapduuyeHT

BlwD =Y. (1)

HauvanpHble yCnoBMA 3alIIIEM TaK:

0(0) = ¢, ‘;—‘f<0> - @0. 2)
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/3 ypaBHeHM 9IeKTPUYECKOIO pAaBHOBECHS ClIeflyeT

2 .
do R,+U Ao  Rdi 3)

Y dt

= —_-— -, =

Y Y di?

HOI[CT&HOBK& B II€pBO€ YpaBHCHME CUCTEMDI 1a€T

_Bé_k_Rl k_U— i ﬂ+ Y_2+k l—kg
Ydt Y Y Codt (JR T JR
2
ITyctpb r + K = A, kU = B, Torpa
JR ] J R
ﬂ + Ai = B. (4)
dt
O6wuM penieHreM SBISAETCS i = Cie™4!, gactupiM — iy = C,. Ilopcra-
HOBKa ero B popmyny (4) gaet 0 + AC, =B, C, = g
Vlckombli TOK paBeH
B
i=1i +ip = Ce™ M + —. 5
1+ 1 1 " (5)
C yueroMm (2) u (3) momyqaem i(0) = % - %.
C yueroMm (5) nmeem:
¢ _U_ Yoo B
R R A
_(E_M_Ej —ar B
R R A A’
(V=Yoo U YU (6)
R (Y2/k) + R (Y2/k) + R
_ U - E() _ U e_t/-t n U i
R Ri + R Ry + R
rme Ey =Ywmg;
LU U SR SR 1 _
SRR KR P
e %

npu k=0, Rg = oo,
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_U-E .

]=——7¢ , 8
P (8)
R]

T:W:RC]. (9)

O6cyxpmeHne morydeHHBIX pesynbratoB. Qopmynst (8), (9) Takue xe,
Kak 1 (opMyIibl, ONMChIBAOLME 3apsi| KOHAeHcaTopa. [Ipy 3aMbIkaHuyM HAKO-
POTKO K/IeMM SIKOPHOI 0OMOTKM

-Ey _
=0t
R
Ota dopmyra TakKe He OTINYAETCS OT (OPMYJIBL, ONMCHIBAIOLIEN pPaspsL

KOHJIeHCcaTopa.
Boipaxenus (6)-(9) cBUAETe/IbCTBYIOT O eMKOCTHOM XapakTepe paccMart-
pPUBAEMOTO HAKOIUTEISI MOLITHOCTH.

EmMKkoctb Hakommrensa cocrasmaer Cj =] / Y?Z; 97IEKTPOMEXAHNYECKOE  CO-
IpOTUBJIEHNE Ry = Yz/ k; samacaemas makormrtenem smeprus W =C;U? / 2=

=JU?/(2Y?) = Jo?/2.

Ha puc. 1 npusefieHa 371eKTpudeckas

2
Yk
X — cXeMa MHEPTHO-€MKOCTHOTO HaKOIMTeId,
— | ‘ Ha pUC. 2 — XapaKTep TOKa IIPU €ro 3apAj-
I Ke U paspsapKe.
e ITpumep. Apromorpuca ACIlA ¢ mnog-

BIDKHBIM COCTaBOM 0011ieit Maccoit 10 T mBu-
Puc. 1. Onexrpueckas cxema Xerca co ckopoctblo 50 km/4. Ha meii
VHEPTHO-EMKOCTHOTO HAKOINTENA  yeraHoB/IeH MHEPTHO-eMKOCTHOM — HAKOIIN-
TeNb 3Hepruym ¢ napamerpamm: =20 KM%
B=1Tm [=0,5m w=400; D=0,3M; k=0,3Hwmcpag; R=1Om. Onpepe-
JIIM BO3MOYKHOCTD peKyIlepalyy KUHETUYeCKON SHepIum
mv2 10000-13,87°
=
[Ipn ycrmoBuu mOMTHOM peKynepanuy KMHeTHIeCKoil SHePIUM 91CIo 000-
POTOB BpalllaloLeNicsa YaCT! MHEPTHO-€MKOCTHOTO HAaKOIIUTEIA PaBHO

2 - 962438,94
o L P LJ_ PP
2n\ ] 21 20

Takum o6pa30M, IIpn JOIIYCTUMOM [ BHeKTpM‘IeCKOﬁ MalllMHbI YUCIE

W = =962438,94 JIx.

000pOTOB MHEPTHO-eMKOCTHOI HAaKOIMUTE/Ib CIIOCOOEH peKylepiupoBaTh BCIO
KMHETUYECKYI0 S9HEPTUIO.
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=l

U ion (EO = 0)
T

0

_EO

R

Puc. 2. XapakTep TOKa Ipu 3apsfKe U paspsAfKe MHEPTHO-eMKOCTHOTO HAaKOIIUTE LA

I[Tapamerpuyeckuit koadpuuuent Y = BlwD =1-0,5-400-0,3 =60 Tn-m?;
eMKocTb Hakomutensa Cj=] / YZ= 20/ 3600 = 5,6-1073 ® (0BOMBHO 3HAUM-
TelbHAsd €MKOCTb); 9/IeKTPOMEXaHMYecKoe CONpOoTMBIeHne Ry =Y?2 / k =
= 602/0,3 =12 KOm.

BenmnunHa, o6paTHasA IOCTOSIHHO BpeMeHM T, PaBHA

1 1 1 1
RC;  RC; 1-56-107°  12-103-5,6-1073

1 =178,59 ¢\
T

[TocTosiHHAsL BpeMeH) MHEPTHO-eMKOCTHOTO HaKOINUTeNns T = 5,6 - 107 c.
Cronb Majasi IIOCTOSIHHAS BpeMeHM 00ecIednBaeT BHICOKYI0 CKOPOCTb 9Hep-
rerudeckoro obMena. Bo nsbe)xaHue ygapHBIX Harpy30K CKOpOCTb SHEPreTH-
JeCcKOro oOMeHa MOXXET PeryIMpOBaThCSl B CTOPOHY YMEHbBIIEHUS ITyTeM U3-
MeHeHMsI BO30Y>K/IeHV 9/IeKTPUYeCcKOli MalllHbI ¥ CMJIOBBIMY PeOCTaTaMIu.

Cpastenrue ¢ Opyeumu Hakonumenamu sxepeuu. Hambonplryo yaenbHyIo
SHEPTrOEMKOCTb MMEIOT cynepMaxoBuky — 500 BT-4/Kr m mmTmit-moHHbBIE
aKKyMynATopbl — 250 Br-4/Kr.

B 4actu ymenpbHON 3HEPrOEMKOCTV MHEPTHO-€MKOCTHBIE HAKOIIMTE/IN
Y CYIIepPMaxXOBMKM NI eHTUYHBL. [lepeaga sHeprum Bpalenns cylepMaxoBUKa
Ha KoJjieca TPaHCIOPTHOIO CPENCTBA OCYIIECTBIAETCA IOCPENCTBOM CyIlepBa-
puaTopa, YTo yCIOXKHAET KOHCTPYKIMIO. B CBOIO 0Yepenb smeKTpoMexaHmnye-
CKMit 1peobpa3oBaTeb MHEPTHO-eMKOCTHOTO HAKOIMTENIA BIIOJIHE COBMe-
CTUM C 3JIEKTPOMEXaHMYECKOW TPaHCMMUCCHUEN MHOTMX TPaHCIIOPTHO-TEXHO-
JIOTMYECKMX MalIVH.
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JInTuit-MoHHBIE AKKYMY/IATOPBI, IIOMUMO MeEHbILEW YeIbHON 3Hepro-
eMKOCTH (¥ BBICOKOJI CTOMMOCTM), TPeOYIOT CyIIeCTBEHHO JINTE/IbHOTO Bpe-
MeHU (4achl) 3apALKIM, YTO IMPAKTUIECKN MCK/II0YaeT BO3MOXXHOCTD peKyIepa-
VY KMHETUYeCKOI 9HepIUN.

3axmioueHne. B Hacrosee BpeMa co3fjaHbl BbICOKO3((eKTHBHbIE CyIIep-
MaxOBMKM 1 JIa>Ke PAaCCMAaTpUBAETCSI BO3MOXKHOCTD UX ITPYMEHEeHNU s Ha JIETKOBBIX
aBTOMOOWIAX. O4YeBMHO, YTO MCIIOb30BaHNME MAaXOBMKOB Ha TPAaHCIOPTHO-
TEXHOJIOTMYECKIX MAIIVHAX 3HAYUTE/IbHO MeHee IIPOOIeMaTNyHo B CIIY CYllle-
CTBEHHO MeHee >KeCTKUX TpeOoBaHmil K obmeit Macce. Eme 6osee BBIrOHBIM
IPeUMYIeCTBOM HEKOTOPBIX TPAaHCIIOPTHO-TEXHOIOTMYECKNX MAIUVH SABIAETCA
Ha/T4IMe 37IeKTPOMeXaHIIeCKOl TPaHCMUCCHUM, YTO MIHVMUSHUPYET pa3paboTKy
IVIL HUX PACCMOTPEHHOTO MHEPTHO-eMKOCTHOTO HAKONMTENA (MCKYCCTBEHHOI
3NIEKTPIYECKOI eMKOCTH).
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PEAK LOAD BALANCING FOR ENGINEERING VEHICLES

L.P. Popov ip.popow@yandex.ru

Kurgan State University, Kurgan, Russian Federation

Abstract Keywords

The paper considers the possibility of equipping engi- Engineering vehicle, energy
neering vehicles with inertial capacitance energy storage storage unit, super flywheel,
units, which should allow the power plant loads to be power plant, energy efficiency
evened out, in turn leading to reducing the output pow-

er, mass and dimensions of the plant. In a range of engi-

neering vehicles, such as excavators, bulldozers, diesel
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shunter locomotives and so on, loads are of a substan-

tially irregular character. Peak loads are what determines

the output power of power plants. It is evident that the

power plant is not fully loaded most of the time. We

propose a technological solution for balancing peak

loads in engineering vehicles. Since operation modes of

engineering vehicles change relatively frequently, it is

efficient and advisable to equip them with energy stor-

age units. The storage unit will not only level the power

plant load, but also allow the energy to be recuperated

during deceleration, which should improve the energy

efficiency of the machine. We present the theoretical

background required to develop an inertial capacitance

energy storage unit, which is implemented as a direct

current machine featuring a super flywheel. Employing

flywheels in engineering vehicles is feasible due to their

total mass requirements being flexible. Another ad-

vantage of certain engineering vehicles is their electro-

mechanical transmission, the presence of which should Received 04.07.2019
minimise the development effort concerning the inertial Accepted 07.10.2019
capacitance energy storage unit discussed in the paper © Author(s), 2020
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