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HAKOIMWTEIb 3HEPIA
AnA TPAHCNOPTHO-TEXHOJIOTMYECKUX MALLUUH

n.I1. NMonoe
KypeaHckull eocydapcmseHHbill yHusepcumem, 2. KypeaH, Poccus

PaccmarpuBaeTcs BO3MOKHOCTH OCHALICHHA TPAHCIOPTHO-TEXHOJIOTHYSCKAX — MAIIMH
HHEPTHO-EMKOCTHBIM HAKOIUTEJICM YHEPTHH, YTO MOZBOIMT CITIAIUTH HATPY3KY HA CHIOBYFO YC-
TAHOBKY H 32 CUCT 3TOTO CHH3HTH €€ MOIIHOCTh M MaccoradapuTel. Harpyska pgaa TpaHCTIOPTHO-
TCXHOJOTHUCCKUX MAIIHH, TAKUX KAK 9KCKaBATOPBHI, 6yJ'II>£[03€pI>I, MAHCBPOBBIC TCTIJIOBO3BI U AP.
HMCET CYIICCTBEHHO HEPABHOMEPHBIH XapakTep. MOIMHOCTh HX CHJIOBOM YCTAHOBKH OMPEICTIA-
€TCS MAKOBOH HATpy3Koi. OUeBHIHO, UTO OOIBIIYEO YaCTh BPEMEHH CHIIOBAs YCTAHOBKA padoTa-
€T B HEIOTPYKCHHOM perkuMe. LIepro paboThl ABIACTCA pa3padoTKa TEXHHYECKOTO PELICHHS TI0
KOMIICHCALIHA MHKOBBIX HATPY30K TPAHCIOPTHO-TCXHOIOTHYCCKAX MALIHH. 3aJa4d HCCICIO0BA-
HHS COCTOAT B MOCTPOCHHH MATEMATHYCCKOH MOJCTH MHEPTHO-EMKOCTHOTO HAKOIHTEIS YHEP-
THH. AKTYAIbHOCTD HACTOSINETO HCCIICAOBAHHS O0YCIOBJICHA TEM, YTO HCIOJIB30BAHAC HAKOIIH-
TEJISl SHCPTUH TO3BOJIAT CITIAUTH HATPY3KY HA CHIOBYH) YCTAHOBKY H 34 CHET 3TOTO CHH3HTH €€
MOIIHOCTh M Maccorabapurel. OTHOCHTENBHO 4YacTas CMEHA PEXuMa paboTHI TPAHCIOPTHO-
TEXHOJIOTHICCKHX MAIHH 00yCIOBIHBACT 3(D()CKTHBHOCTh H IECICCOOOPA3HOCTh OCHAIICHUS HX
HAKOMUTCJIIEM JHCPIHH. TToMuMO criaaKkuBaHHSI HArpy3Ku Ha CHJIOBYK0 YCTAHOBKY HAKOIIUTCIIB
MO3BOJMT PEKYNIEPHUPOBATH SHCPTHIO MPH TOPMOMKEHHH, 3a CUCT Hero BO3PACTET YHEProdpdek-
THBHOCTH MAMHHbI. OCHOBHBIMH MCTOOAAMH HCCJICAOBAHUA B paMKax HaCTO}IH.[eﬁ pa6OTI>I ABJIA-
FOTCS METOABl MATEMATHHYCCKOTO MOJCTHPOBAHMSA H aHATH3a. MCTIOIB30BAHHBIC METOIBI TO3BO-
JSIOT MOJYYUTh JOCTOBCPHOE OIMMCAHUE HCCIEAYEMBIX 00BbEKTOB. [IpeacTaBiicHBI TEOpETHUC-
CKHE TPESOMOCHUIKH CO3IAHHS HHEPTHO-EMKOCTHOTO HAKOIMTEIS SHEPTHH, KOTOPBIH TCXHUYCCKH
BBIIIOJTHCH B BUAC MAINWHBI MOCTOAHHOTO TOKA C CYNICPMAXOBHKOM. Hcnomp30BaHne MAXOBHKOB
HA TPAHCHOPTHO-TEXHOJOTHYCCKUX MAIIMHAX OIPABAAHO B CHJIy HE JKECTKHX TPeOOBAaHHH K 00-
meMy Becy. JpyruM npeuMyeCTBOM HEKOTOPBIX TPAHCTIOPTHO-TEXHOAOTHUECKIX MAIIHH SBJIA-
eTCA HATHYME SICKTPOMEXAHUYCCKOH TPAHCMHCCHH, YTO MHHHMH3HPYET Pa3pabOTKy I HUX
PACCMOTPEHHOTO HHEPTHO-CMKOCTHOTO HAKOIHTEIAL.

Kiroueeswie cnosa: MPAHCNOPMHO-MEXHONOSUYECKAA MAMMURA, HAKONUMENb, CYNEPMAXOBUK,
CUTI08AS YCIIAHO8KA, IHEP20IGDPEeKmMUBHOCHTb.

Beeaenne

Harpy3ska psaa TpaHCIOPTHO-TEXHOIOTHUECKUX MAIIUH, TAKUX KaK SKCKaBaTOPbI, OYIbI03CPHl, Ma-
HCBPOBBIC TCIIOBO3BI U JIP., IMECT CYIICCTBCHHO HCPABHOMEPHBIA xapaktep [1-3]. MomHoCTs BX CcH-
JIOBOW YCTAaHOBKH OMNPEACISICTCS MUKOBOH Harpy3koi [4-6]. O4ueBHIHO, 4TO OOMBIIYIO YacTh BPEMCHU
CHJIOBAs YCTAaHOBKA paboTacT B HEXOTPYKEHHOM peskume [7-10].

Ilenvio pabomowr sBASETCS PaspabOoTKa TEXHUYECCKOTO PELICHUS MO KOMIICHCAITUM MMHKOBBIX Harpy-
30K TPAHCIIOPTHO-TEXHOJIOTHUCCKUX MAIIHH.

3adauu uccnedoeanss COCTOIT B MOCTPOCHHH MaTEMATHYCCKOH MOJETH WHEPTHO-CMKOCTHOTO Ha-
KOIIUTEJIS] SHCPTHH.

AxmyanvHocms HACTOSMLICTO HCCICAOBAHMS OOVYCIOBICHA TEM, YTO HCIOJNB30BAHNC HAKOIHTEIS
SHEPTHH TO3BOIUT CIIAAUTh HAIPY3KY Ha CHIOBYIO YCTAHOBKY H 32 CUET 3TOTO CHHU3UTh €€ MOIIHOCTh U
maccorabaputel  [11-13].  OrtHocurenpHO 4wacTtag cMeHa pekUMa  paboTHl  TPAHCIOPTHO-
TCXHONMOTHICCKOW MAIIUHBI 00YCI0BIUBACT 3(PPEKTHBHOCTE U LIEICCO00PA3HOCTh OCHAIICHUS €€ HAKO-
mreaeM saepran [14-16].

[TomuMo criakuBaHus HATPY3KH HA CHIOBYIO YCTAHOBKY HAKONUTEIb MO3BOIHT PEKYIICPHPOBATH
SHEPTHIO HPH TOPMOXKEHHH (OCOOCHHO aKTYaIbHO IS MAaHEBPOBOTO TEILIOBO3a), 3 CUCT YEro BO3pac-
TeT 3HEpro3ddexruBHOCTs MamHHbI [17-19].

Memoourxa. OCHOBHBIMH METOJAMH HCC/ICIOBAHUS B PAMKAX HACTOSIICH PabOTHI SIBISIOTCS METO-
Bl MaTEMATUYECKOTO MOJACIMPOBAHHA M aHanu3a. Mcrmonp3oBaHHBIE METOABI MO3BOJNAIOT MONYYUTH
JOCTOBEPHOEC ONHCAHHE HUCCICAYEMBIX OOBEKTOB.

Hanee paccMaTprBacTCs HHEPTHO-CMKOCTHBIH HAKOTIUTEITb SHEPTHH.
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TeopernyeckHe NpeaANOCHUIKH CO3AAHUSI HHEPTHO-eMKOCTHOI'0 HAKOIHTEJIS SHEPTHH

Mexkay BeTHYMHAMH Pa3THYHON (DH3UUCCKOH MPUPOABI MOXKET CYINECTBOBATH (DYHKLIMOHANBHAS
3aBUCHMOCTB. 3a4YacTyI0 BO3MOYKHOCTb VCTAHOBJICHHMS TAKOH 3aBUCHMOCTH HE SBJLICTCS OUYCBUIHOM.
[Tocnennee 3ameuaHue MOXKET OBITh OTHECCHO, HAPHMEP K TAKHM BCJIUYHHAM, KaK 3JICKTPHUUCCKAS
€MKOCTh M MAacca, MOCKOJIbKY HH OJHO U3 MOHATHH, UCHOIb3YEMBIX MPH ONPEACICHHH 3ICKTPUICCKON
C€MKOCTH, HE MPHMCHSICTCS IS ONPEACICHHsS MHEPTHOH Macchl. CyIIeCTBYIOIIHE MEXKIY BIICKTPUYC-
CKHMH ¥ MEXaHHYCCKUMH BEIMYMHAMHU TyaIbHBIC COOTHOIICHUS HE SIBILTIOTCS (YHKIHOHATBHBIMH, I10-
CKOJIBKY OYATBHEIC BEIMYUHBI OTHOCATCSA K H30IHPOBAHHBIM APYT OT APYra CHCTEMaM.

Hns Toro 4toOBl YCTAHOBUTH CBSI3b MEKAY JJICKTPUUCCKUMH M MCXAHUYCCKUMH BEIHYHHAMH, UX
CICAYET PacCMaTPHUBATh B SJICKTPOMEXAHHUECKUX CHCTEMAaX.

Ycranosnenue (HopMy, CBA3BIBAIOIINX JNICKTPUUYCCKHE U «HEITICKTPUUCCKUE» BEIUYHHBI, BICUCT
3a 000U BO3MOKHOCTh MOJCTUPOBAHUS SICKTPUICCKUX U MEXaHUUCCKUX BEIUYHH — «ACKYCCTBCHHBIX)
MAacChl U €MKOCTH.

[Tox MCKYCCTBEHHBIMH BETHUHHAMU CICAYCT HOHUMATh BETUUHHBI, TIOBEICHUE KOTOPHIX B COOTBET-
CTBYIOIIHX NPOLIECCAX HEOTIMYMMO OT MOBEIACHHS «HATYPaNbHBIX». Hampumep, B KIaccHUeCKo mMexa-
HUKE MEXaHUYCCKAas BEITHYMHA MHEPTHAS Macca 7 MO CYIIECTBY ONPEACTICTCS OCHOBHOH aKCHOMOM
JUHAMHUKU — BTOpBHIM 3akoHOM HerotoHa. Ilpu sToM «HatypampHas» Macca 0OBEKTa NPONOPLIHOHATEHA
KOJHUYCCTBY BELICCTBA, 3aKIIOYCHHOTO B 00bekTe. [lox HCKyCCTBEHHON Maccoli claeayeT MOHUMATh Be-
JWYUHY, HCOTTHIHMYIO OT «HATYPaTBHOW» Macchl, T. €. VAOBICTBOPSIOIIYIO BTOpoMY 3akoHy HeroToHa.
HHepTHOCTP UCKYCCTBEHHONW Macchl OOVCIOBIHBACTCS HE KOJNMYCCTBOM BCLICCTBA, & HEKUMH HHBIMH
duzHIeCKUMH 00CTOATETECTBAMHU. VICKYCCTBEHHBIC BIICKTPUUCCKUE H MEXAHHUYESCKHE BETHYHHBI MOTYT
ObITh KOMIIOHCHTAMH Pa3HOOOPA3HBIX NMCKTPOMEXAHUICCKUX CHCTEM.

Mekay 37IeKTPHICCKIMH U MCXaHUUECKUMH CHCTEMAaMHU CYIIECTBYET JBE CUCTCMEBI aHATIOTHH.

B cooTBercTBHM ¢ mEepBON CHCTEMOI Macca 7 COOTBETCTBYET MHAVKTHBHOCTH L., a ko3 durpieHT
YOPYTOCTH k — 3eKTpuueckoii eMkocT C.

B cootBeTcTBHU €O BTOPOI crcTeMOi HA060POT — Macca m cooTBeTCTBYET eMKOoCTH C, a koaddu-
LUCHT YIPYTOCTH £ — UHAYKTUBHOCTH L.

Ou3uiaeckiM 000CHOBAHHEM TNIEPBON AHATIOTMU MOXKET CIYKUTh SJICKTPOCTATHUECKHH MpeoOpaso-
BaTCIb, B KOTOPOM OCYIICCTBIACTCS NPeOOPa30BAHUE MEXaHUUYCCKOH CHITBL B 3ICKTPHUUCCKOE HAIPSKE-
HHE, 2 CKOPOCTH — B TOK.

Ou3uiaeckiM 060CHOBAHHEM BTOPOU aHAIOTHH MOXKET OBITh BIEKTPOAMHAMHYCCKHUN mpeodpasosa-
TeNb (HApUMEP, SMCKTPHUUCCKAs MAallHHA), B KOTOPOM OCYINECTBISICTCS MPeoOPa30OBAHUE CHUIBI B TOK,
a CKOPOCTH B HAIPsDKEHUE (M HA000POT).

MaccuBHBIH POTOP SACKTPHUYCCKON MAIIHMHBL, SBISLICH HHEPTHBIM TEIOM, 00JIaAacT ClIOCOOHOCTEIO,
KaK 3armacarth, Tak U OTAABATh KUHETHUCCKYIO 3HEpruto. Ecmu mpu 3ToM HE MPOUCXOTUT MOTEPh SHEP-
THH, TO JIOTUYHO MPEANONIO0KHTE, UYTO YKA3aHHBIC CBOMCTBA POTOPA AOLKHBI OOYCIOBIHUBATD HATHYHC
HECKHUX PCaKTHBHBIX COMPOTHBIICHUH MAIIMHEL, KOTOPHIC TAKKE XapAKTCPU3YIOTCS OOMECHOM SHEPTUH Oe3
€e JUCCHUIIALIUH.

Takum 00pa3om, JyanbHBEIE COOTBETCTBUS MEKAY SICKTPHUCCKHUMH U MCXaHUICCKUMH BETHYHHAMHI
SBIISIFOTCSL IPEATIOCHITKON YCTAHOBICHHUS MEXKIY HUMU (PYHKLIMOHATBHBIX 3aBUCHMOCTEH.

B xauecTBe HHEPTHO-EMKOCTHOTO HAKOMHTEI MOJKHO PACCMATPUBATh MAIIUHY MOCTOSHHOTO TOKA
C CYNEPMaxXOBHKOM.

INomaya Ha sKOPHYO OOMOTKY MOCTOSHHOTO HAMPshKeHUS U MHUILUUPYST CICIYIOIINE MCXAHUUCCKUN
U JJICKTpUiIecKui mpouccch [20]:

2
0 140 g2
dr*  dt 2

J

BZIWQ@JrRi =U
2 dt

rae J — cyMMapHbiii MOMEHT uHepuun; k — koddduuucHt tperus; B — maruwrHas ueaykuus; 2/ —
aKTHBHAS JJIMHA NPOBOJHHMKA, W — KOJHYECTBO BUTKOB, 1) — >(pdexTuBHBIN auameTp potopa;, R -
DACKTPHICCKOE CONMPOTHBIICHHUE.

62 Bulletin of the South Ural State University. Ser. Mechanical Engineering Industry.
2019, vol. 19, no. 4, pp. 61-68



Hakonumenb SHepeauu

lMonoe U.I.
Ons mpaHCcnopmHo-mexHos102UYecKUX MauH
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1 1 __
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t R J/Y- Jk R Jf )(r-A) RCj RCj T 7
Mpn k =0 Rk=>
i—U_EbelT 8
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x=5 k& m ©)

BbiBOAbI
®opmynbl (8) 1 (9) HEOTNIUYMMBI OT POPMYJI, ONUCHIBAIOLLNX 3apAS KOHAEHcaTopa.
Mpwn 3aMbIKaHUN HAKOPOTKO KNeMM AIKOPHOW 06MOTKM

i—Eoe-11
R

3Ta hopmyna HeoTAn4YMMa OT (hOPMYSibl, OMUCbIBAIOLLEN pa3psaj KOHAeHcaTopa.

BbipaxeHus (6)-(9) cBMAeTeNbCTBYHOT O €MKOCTHOM XapakTepe paccMaTpuBaemMoro HakonuTesns
MOLLHOCTMN.

EMKOCTb HakonuTens paBHa

J
Cji—f-m (10)
DIEKTPOMEXAHUYECKOE COMPOTUB/IEHE

Y2
Rk = kk . (n)

3anacaemasi HaKONUTENem 3Heprus paBHa
. CUJ2 JU2 J&2

2 2Y 2 2
Ha puc. 1 nzo6paxeHa 3aNeKTpUUeckas CXeMa MHEPTHO-EMKOCTHOFO HAKOMUTENS, Ha puc. 2 - xa-
paKTep ToKa Npu ero 3apsiike u paspsiake.

Y2k

JIY2

Puc. 1. nekTpuyeckasa cxema MHEPTHO-EMKOCTHOIO Hakonutensi

HayuHas HOBM3Ha paboTbl 3aKMHOYAETCH B TOM, YTO 3/leKTpuueckas eMkocTb (10) onpegenseTcs He
npUCyLW UMK TPaANLMOHHOMY KOHZEHCaTOpy napamMeTpamu 06KafoK U CBOMCTBaMU AUANEKTPUKa, T. €.
3/IEKTPMYECKMMU MapameTpaMu, a BEIMYMHOW NPUHLMNWANLHO APYroi (hM3MUYecKoil NMpUpoAbl - Mexa-
HWYECKUM MOMEHTOM UHEPLUN.

JT0 e OTHOCMTCSA K 3/1eKTPUYECKOMY COMpoTuBAeHMt0 (11), BeAMUMHA KOTOPOro Onpenensercs
MEXaHWYECKUM NapamMeTpoM - KO3(HULNEHTOM TPEHNS.

BO3MOXHOCTW NPUMEHEHNS IMBO YMCTO MEXAHUYECKUX HAKONUTENEN, MMBGO YNCTO INEKTPUUECKUX
paccMaTpuBanMCh HE3aBUCKMMO ApYyr OT Apyra. lMpeasiokeHWe MCMofib30BaTh 3MEKTPOMEXAHWYECKNIA
WHEPTHO-EMKOCTHbIW HAKOMUTE/Ib COCTABMAET MPAKTUUYECKYH0 HOBU3HY paboThl.
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Monos .M. HakonuTenb aHepruu
ONA TPaHCNOPTHO-TEeXHONOrM4YecKux MmaLlvH

Ob6ecyXaeHue N NpuMeHeHne

B HacTosilee Bpems cO3f4aHbl BbICOKO3((EKTUBHbIE CYMEpMaxoBUKW, M [aXe paccMaTpuBaeTcs
BO3MOXHOCTb MX MPUMEHEHUS HA NErkoBbIX aBTOMO6MNSX. OYEeBUAHO, YTO MCMNONb30BAHWE MaxOBMKOB
Ha TPaHCMOPTHO-TEXHOMOTMYECKUX MallMHAX 3HAYUTENbHO MeHee MPO6MeMaTUYHO B CUNY CYLLECTBEH-
HO MeHee XecTKux TpeboBaHmii K 06lemy Becy. Eule 60nee BbITOAHBIM NPEMMYLLECTBOM HEKOTOPbIX
TPaHCNOPTHO-TEXHONOTUYECKUX MaLUWH SIBASETCA Ha/Mume 31eKTPOMEXaHWUYeCKOolW TpaHCMUCCUK, YTO
MUHMMU3NPYET pa3paboTKy 415 HUX PACCMOTPEHHOIO0 MHEPTHO-EMKOCTHOTO HakonuTens (MCKYCCTBEH-
HOW 3N1eKTPNYECKOI eMKOCTH).

CTpeMuTeNnbHOE pasBUTUE 3MEKTPUYECKUX aKKyMYNATOPOB CO34aeT XOpOollMe MepcneKkTuBbl Afs
pa3paboTKn HakomuTenel 3Heprun ANs TPAHCMNOPTHO-TEXHONOTUYECKUX MallMH. OAHaKo B 3TOM Ha-
MpaB/feHUUN eCTb CEPbe3Hble NPo6aeMbl. [NaBHas - 3T0 BbICOKas CTOMMOCTb aKKyMynsaTopoB. [pyras, He
MeHee BaXKHas npo6iema - CyLLeCTBEHHO HM3Kas CKOPOCTb 3anacaHWs 3Heprum, 4To MOYTU UCKIOYaeT
BO3MOXHOCTb peKynepaLuu npu TopMmoxkeHun. MNpepnaraeMblii MTHEPTHO-EMKOCTHBIA HaKOMUTeNb CBO-
604eH OT 3TUX HeJOCTATKOB, YTO 06ecneunBaeT eMy 3HAUNTE/IbHOE MPENMYLLECTBO Haf 3NeKTPUYEeCcKu-
MW aKKyMynsTopamu.
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ENERGY STORAGE FOR TRANSPORT TECHNOLOGY MACHINES

I.P. Popov, ip.popow@yandex.ru
Kurgan State University, Kurgan, Russian Federation

The possibility of equipping transport-technological machines with an inert-capacitive energy
storage device is being considered, which will allow smoothing the load on the power plant and
thereby reducing its power and mass and dimensions. The load of a number of transport-
technological machines, such as excavators, bulldozers, shunting diesel locomotives, etc., is es-
sentially uneven. The power of their power plant is determined by the peak load. Obviously, most
of the time the power plant works in underloaded mode. The aim of the work is to develop
a technical solution for compensation of peak loads of transport and technological machines.
The research tasks are to build a mathematical model of an inert-capacitive energy storage.
The relevance of this study is due to the fact that the use of energy storage will allow to smooth
the load on the power plant and thereby reduce its power and mass and dimensions. The rela-
tively frequent change in the mode of operation of transport and technological machines deter-
mines the efficiency and feasibility of equipping them with energy storage. In addition to
smoothing the load on the power plant, the drive will allow energy to be recovered when braking,
thereby increasing the energy efficiency of the machine. The main research methods in the frame-
work of this work are the methods of mathematical modeling and analysis. The methods used allow
to obtain a reliable description of the objects under study. The theoretical background for creating
an inert-capacitive energy storage device, which is technically designed as a DC machine with
a super flywheel, is presented. The use of flywheels on transport-technological machines is justi-
fied by virtue of not rigid requirements for the total weight. Another advantage of some trans-
port-technological machines is the presence of an electromechanical transmission, which mini-
mizes the development for them of the considered inert-capacitive drive.

Keywords: transport and technological machine, drive, super-flywheel, power plant, energy

efficiency.
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