wo 2018/097743 A1 | 0K 000 OO0

(12) MEXKIYHAPOJHAS 3ASIBKA, OYBJIMKOBAHHAS B
COOTBETCTBHUU C JOTOBOPOM O MATEHTHOM KOOIIEPAILIUH (PCT)

19 B O ‘
Hirenrexryamoit Copermennoctn é OO0 R0

MezxnyHaponHoe 6r0po (10) Homep MeskayHapoaHoil my0amKanuu

(43) lata MesRIyHAPOHOI myGauKaMn % WO 2018/097743 A1l
31 mas 2018 (31.05.2018) WIPOIPCT

(51) MexkayHApOHAS NATCHTHAS KJIACCU(DHKALHUA: (72) H300peraTens; u
HOIM 10/60(2014.01) B60K 6/28 (2007.10) (71) 3assurens: HIBEJ, Auapeii Anexcanaposud (SHVED,
H02J 7/34 (2006.01) Andrej Aleksandrovich) [RU/RU]; y1. Monomoreapeti-

(1) Homep meskaynaponoii sasmiu:  PCT/RU2016/000810 1ieB, 58-B, k8. 180, Uensbunck, 454021, Chelyabinsk (RU).

(72) N3o6peratens: TETIOHMIEB, Cepreii MuxaittoBud
(TETYUSHEYV, Sergej Mihajlovich); yi. IkxeBckas, 81,
Yensbunck, 454018, Chelyabinsk (RU).

(74) Arent: CKPUIIKHMHA, Hatampas KoncrantunaHoBHA
(26) S3bIk myOuKAIUK: Pycckuit (SKRIPKINA, Natalia Konstantinovna); a/s1 2557, Ueuns-
6unck, 454014, Chelyabinsk (RU).

(22) Jara mexayHapogHoii mogaqu:
24 mos16psa 2016 (24.11.2016)

(25) s3Ik mopauu: Pycckuit

(71) 3aspureas: OBIMECTBO C OTPAHIYEHHOM OT-
BETCTBEHHOCTBIO "CMAPTEP" (OBCHESTVO (81) Vkasamubie rocyaaperBa (eciu ne yKasano unaye, Ons

S  OGRANICHENNOJ OTVETSTVENNOSTJU Kaocooeo suda nayuonanvuol oxpans): AE, AG, AL, AM,
"SMARTER") [RU/RUJ; yn. Moxomorsapaetines, 58-B, AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
kB. 180 Uemssbunck, 454021, Chelyabinsk (RU). CA,CH,CL,CN,CO, CR,CU, CZ,DE, DJ, DK, DM, DO,

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR, KW,

(54) Title: METHOD FOR CONTROLLING AN ENERGY STORAGE DEVICE OF A TRANSPORT VEHICLE
(54) Haspauue uzo6perenus: CIIOCOB YIIPABJIEHUS HAKOIIMTEJIEM SHEPT UM TPAHCIIOPTHOM MAILIMHBI

9

8\ S 7\‘ ﬂ'/ 5

U 6 | Controler L/ U .
’ v

L

T

4 -
2 |he ¥
DC —

F

DC -

Dur. 1

(57) Abstract: The invention relates to transport vehicle electric power supply systems. In a method for controlling an energy storage
device of a transport vehicle, consisting of a storage battery and a capacitance battery with a reversible transducer connected therebe-
tween, the temperature of the capacitance battery is measured betfore the engine is started; the direction of the current of the capacitance
battery is changed repeatedly on the condition that the temperature of the capacitance battery is not greater than a threshold level; and
the current of the capacitance battery is set to enable the battery to be charged and subsequently maintained in a charged state on the
condition that the temperature of the capacitance battery is greater than a threshold level. To measure the temperature of the capacitance
battery, the current of the capacitance battery is gradually changed; during the gradual change in the current of the capacitance battery,
the magnitude of the gradual voltage drop of the capacitance battery is measured; the temperature of the capacitance battery is deter-
mined as a decreasing function of the magnitude of the gradual voltage drop of the capacitance battery. A signal is sent to the control
input of the reversible transducer from an output of a controller having at least two inputs, one of which is used to measure the voltage
of the capacitance battery, and the other of which is for connection to a temperature sensor. The technical result is that of heating an
energy storage device of a transport vehicle without using additional devices.
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parumMoro npeobpazoBarels, Iepe IMyCcKoM JIBAraTellsl H3MepsIoT TeMIIepaTypy KOHASHCATOPHOU OaTapen; MHOTOKPATHO U3MEHSIOT
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Ony0auKkoBaHa:
— ¢ omuémom 0 MeNCOYHAPOOHOM noucke (cmamops 21.3)

HalpaBJIeHHe ToKa KOHIAEHCATOPHOHM OaTaper IIPH YCIOBHH, YTO TeMIIepaTypa KOHeHCAaTOPHOH 6aTapen He IPeBHIaeT IOPOTOBBIH
YpOBeHb; 331aI0T TOK KOHJICHCATOPHOH OaTapen, oOeceTnBarONINi 3apsKy ¢ HOCIeAyIoNnee MoAepKaHue B 3aPSKEHHOM COCTOSI-
HUY [IPY YCIOBHH, UTO TeMIlepaTypa KOHAeHCATOPHOH OaTapen IpeBHIacT HOPOTroBEIH ypoBeHb. [l n3MepeHns TeMepaTypsl KOH-
JIeHCaTOPHOU GaTaper CTYIEeHYaTo W3MEHSIIOT TOK KOHIEHCATOPHOH GaTapew; IPH CTYNeHYaTOM M3MEHEHHH TOKa KOHCHCATOPHOH
GaTaper H3MepsIIOT BeIUINHY CTYIIeHIaToro Mepena/ia HalpshkeHns KOHIeHcaTOpHOH GaTapen; TeMIlepaTypy KoHAeHcaTopHoH OaTa-
Per ONpeieNoT Kak yORIBaroNIyio GYHKIHIO OT BeIUYHHE] CTYNEHIaTOro Iepeliafa HalpsDKeHus KoHaeHcaTopHoH GaTtapen. CurHan
Ha YIPaBISIOMAH BXoA 06paTHMOro npeodpazoBarells IOAAI0T ¢ BEIXO/a KOHTPOILIEpa, HMEIOIIEeTo, [0 MeHbIIeH Mepe, Ba BX0/a,
OJIMH U3 KOTOPEIX MCHOIB3YIOT [UIS H3MEpeHns HalpsDKeHMs KOH/IeHcaTOpHOU OaTapen, a BTOPOoH - I HOAKIIOUEHHs TepMOJaTIH-
Ka. TeXHUUECKUM Pe3yIbTaToOM SBISIETCA Pa30rPeB HAKOIUTENS] YHEPTUH TPAHCTIOPTHOH MaNIUHEL Oe3 MPUMEHEHH JOIOTHUTEIBHEIX
YCTPOHUCTB.
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CIIOCOB YIIPABJIEHUSI HAKOIIUTEJIEM DHEPTUH
TPAHCIIOPTHOM MAIIVHBI

H3o6perenne OTHOCHTCA K 00J1aCTH 3JIEKTPOTEXHMKH, 4 AMEHHO, K
CHCTEMAaM 3JIeKTPOCHA0KEHUS TPaHCIOPTHHIX MAIIMH.

H3BecTen HaKONUTEND SIEKTPUIECKON SHEPTHH, CONEPKAIIHIT ABe
aKKyMysaropHble 6aTtapeu u cxeMy pa3orpesa (cM. mareHT US 5990661).
Cxema pazorpesa COACPXXUT NONYMOCT, BBIOJIHEHHbIH Ha ABYX
nocjefoBaTebHO COSJUHEHHBIX KITI0Yax U Jpocceiib. Crocob ynpaBneHus
HAKOMUTEJIEM JHEPTUHU 3aKIIFOYAETCA B TOM, YTO MHOTOKPATHO KOMMYTHPYIOT
KITI0YH, obecrieuynBas NPOTeKaHUe TOKa 3apAAKH/pa3psaKy dyepes
aKKyMyJATOpHEIe GaTapen. Pa3zorpeB akkyMyISTOPHBIX OaTapel IPOUCXOIUT 32
CUeT pacCeUBaHM MOMIHOCTH Ha MX BHYTPEHHEM CONPOTHBIICHUH

JIns1 ocymiecTBIeHHs CrIocoba Hy)KHa CrielMaNbHas CXeMa pa3orpesa,
TpeOyromas JOMOTHUTENbHBIX 3aTparT.

H3BecteH cnocob ynpaBieHus 3apsIKon/pa3psaKoi HaKOUTE A
SHEpTHH, BLINOJHEHHOTO B BUZE aKKyMYJIATOpHOH 6aTaper THOPHIHOTO
aBTOMOOMJIS, IMEIOIETO ABUraTels BHyTpeHHero cropanus (JIBC) u
IEKTPUYECKYIO MALIIHHY, KOTOpas MOXET paboTaTh Kak FeHeparop ¢ NPUBOAOM
ot JIBC 114 3apsiKi aKKyMyJITOpHOM 6aTapeH, 1160 KaK ABHrareslb, KOTOPBIHA
paspsmxaeT aKKyMyJIITOPHYIO 6arapeio Bo BpeMs JBIKEHHs aBTOMOOUIS (CM.
nateHt US 6163135).

Crioco6 yrpaBiieHHs 3aKJIFOYaeTCs B TOM, YTO 3IEKTPHIECKOH MAUMHON
MHOTOKPATHO PHHY THUTEBHO 3apsKatoT/paspsKaloT aKKyMyJISTOPHYIO
GaTapelo, IpH YCIIOBHH, YTO €€ TEMIIEpaTypa He MPEBEIIIAET NOPOTOBBIM
ypoBeHb. PasorpeB akkyMyISTOPHOM OaTaped IPOUCXOIUT 3a CYET

paccenBaHUs MOIIHOCTH Ha eé BHYTPEHHEM CONIPOTHUBIIEHHH.
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H3BecTHBIN c1I0cO0 OCYIIECTBAM TOJIBKO BO BpeMsl ABIDKECHUS
rHOPHAHOTO aBTOMOGHIIS K HEe MOXKET HCIIOIB30BaThes nepen myckom JIBC,
ITOCKOJIBKY JUIS 3apsiIKU HyXeH pabotatomuii JIBC.

H3BecTHA CHCTEMA JIIEKTPOCHA0KEHHS TPaHCIIOPTHOM MAIIKHEI C
Hauboee GIIM3KUM K 3aBISEMOMY TEXHHYIECKOMY PELIEHHIO CIocoboM
yIIpaBJieHHs HaKomuUTeNeM 3Hepru# (cM. matent RU 2596807).

B cocTaB cHCTEMBI JIEKTPOCHA0XKEHHUS BXOJUT HAKOITUTENh SHEPTHH,
COCTOSAIIHNN M3 aKKyMYJIATOpHOM GaTapen, KOHACHCATOPHOI O6aTapen u
BKJIIOYEHHOTO MEXJy HUMK oGpaTumoro npeobpasopatens. OOpaTHMbIi
npeobGpa3zoBaTeb UMEET YIPABIAIOMI BXO/l M BBIIONIHEH TaK, YTO MOXET
3a/1aBaTh TOK KOHIEHCATOPHOH OaTapeu 110 CUrHally Ha YIPaBIAIOIIeM BXoe.
CHrHai Ha yIpaBISIOLIKi BXo oOpaTHMoro npeoOpazoBaTelis MoJaoT ¢
BBEIX0/1a KOHTPOJUIEPa, MMEIOIIETO NEPBBIHA BXOL I H3MEPEHHUS HaPsSHKEHUS
KOHJIEHCATOPHO# OaTaped ¥ BTOPO# BXOJ, CBA3aHHBIN C TEPMOINATIYMKOM.

Croco0 ynpaBiieHHs HAKOITUTEJIEM SHEPTHH, COCTOSIIHM H3
aKKyMyJISTOpHO# GaTapeu, KOHIEHCATOPHOMU OaTapen M BKIIOYEHHOTO MEXY
HHUMH 00paTUMoro npeobpa3oBareis, 3aK/II04aeTCs B TOM, YTO 33Jaf0T TOK
KOHZEHCATOpHO# GaTapeH, IoJaBas COOTBETCTBYIOIIMI CATHAI Ha
yIpaBIsIOLIMil BXox obparuMoro npeobpasosarens. [lepen myckom JIBC
3a/1al0T TOK KOH/IEHCATOPHOH Oatapeu, obecrednBaroIlui €€ 3apaaKy U
HoC/IeAyIolIee TOAAEPKaHHe B 3apSHKEHHOM COCTOSHHH.

B nannom crocobe nepen myckoM [IBC 3apsiika u nocjenyoiiee
nojiep)kaHie KOHIEHCATOPHOH OaTapeH B 3apsHXKEHHOM COCTOSTHUU
IIPOM3BOJMTCS HE3aBHCHUMO OT TEMIIEPaTyPHBIX yCIOBHH, U HE IPEyCMOTPeH
paszorpes HakonuTens sHeprud. [Ipu Temneparype Huxe -15°C BHyTpeHHee
COIPOTHBJICHHE aKKyMYJIATOPHOH U KOHJIeHCaTopHOl 6aTapei pe3ko
BO3DACTaeT, YTO BeAET K YMEHBLIEHHIO X BHIXOJJHOH MOIIHOCTH,

HCIIONB3yeMOM, B YACTHOCTH, I TUTaHUs dNeKTpocTapTepa. IIpu aToM
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CKOPOCTB ¥ JUTHTENHHOCTB IPOKPYTKH 3MekTpocTapTepoM Bana JIBC
HeJOCTATOUHBI I er0 HaJIe)KHOTO ITyCKa.

3anaveii 3asBIEHHOTO cToco6a SBIETCS MOBbIIIEHHE HaleXHOCTH
3umHero nycka JIBC TpaHCIIOpTHOM MallKHBI.

TexHHYEeCKUM PE3YIIBTATOM, KOTOPBIH JOCTUIaeTCs MPU OCYIIECTBICHUH
3asBJIEHHOTO CI0Cc00a, SBISETCA Pa30rpeB HAKOMUTEIS SHEPTHH TPAHCIIOPTHOH
MAIlHHBI 6€3 IPUMEHEHHS AOTIOJTHUTENBHBIX YCTPOUCTB.

B crioco6e ynpapiieHds HAKOMUTENEM HEPIUH TPAHCIIOPTHON MalIlMHBI,
COCTOSIIIUM U3 aKKyMyJISTOPHO#M GaTaper, KOHASHCATOPHOM 6aTaper U
BKJTFOYEHHOTO MEXYy HUMH 06paTHUMOro npeobpa3oBaTeis, 3aKII0YaoIIeMCs B
TOM, YTO 3aJIaI0T TOK KOHAEHCATOPHO#M GaTaper, No/jaBas COOTBETCTBYIOIIM
CHTHAJI Ha yIPaBIAIONIHi BXxo/l 06paTuMOro npeoGpa3oBaTeis, COrlacHo
M300peTeHHIO, Iepel ICKOM ABUraTells BHYTPEHHEro CrOpaHus TPaHCIIOPTHOH
MAaIIMHbI U3MEPSIOT TEMIIEPaTypy KOHIEHCATOPHON OaTapen; MHOTOKpaTHO
M3MEHSIOT HalpaBJIeHKne TOKa KOH/ICHCAaTOPHOH OaTapeu IpH YCIOBUH, YTO
TeMIeparypa KOHIEHCATOPHOM 6aTapen He IPEeBhIlIAeT OPOrOBEI YPOBEHb;
3a/1a10T TOK KOHIEHCATOpHO# OaTapen, obecreunBaloIui €€ 3apaaKy 1
nocieAyolee NoAAepXaHie B 3apsHKeHHOM COCTOSIHHMH TIPH YCIIOBHH, YTO
TeMIlepaTypa KOHIEHCATOPHOH 6aTapey IpeBbIIIaeT IIOPOrOBbIH yPOBEHb.

MHOrokpaTHOe M3MeHEeHHe HalpaBIeHHs TOKa KOHIEHCATOPHO! barapen
JOCTUTaeTCsl TEM, YTO U3MEPSIOT €€ HalpsDKEHHE; 3a/Ial0T HallpaBJIeHUe TOKa
KOHJIEHCATOPHO# GaTapeu, COOTBETCTByoLIee €€ 3apsAiKe NPH YCIOBHH, YTO
HanpshKeHHE KOHJIEHCATOpHO#M GaTapen He NPeBhIIAeT HIKHUA [I0OPOrOBBIH
YPOBEHb; 3a[jal0T HallpaBlieHne ToKa KOH/IeHCaTOpHO# OaTapew,
COOTBETCTBYIOIIIEe e€ pa3psaKe IpH YCIOBUH, YTO HAIPsHKEHHE
KOHZIEHCATOPHOM OaTapen MpeBHIIAeT BEPXHUI IOPOrOBbIi YPOBEHB;
OCTABJISIOT HEM3MEHHBIM HalpaBlieHHe TOKa KOHEHCATOpHOH 6aTapen npu

YCIIOBHH, 9TO HaNpsDKEHHEe KOHACHCATOPHOH GaTapey MpeBbllaeT HIKHIHI
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IIOPOTOBEIN yPOBEHb M OXHOBPEMEHHO He IPEBHIIIAET BEPXHUI MOPOTrOBbIH
YPOBEHB.

B oxHOM BapuauTe, Il H3MEPEHHs TeMIIepaTyphl KOHIEHCATOPHOM
Oarapeu MOryT UCIOIB30BaTh TEPMOAATYHK.

B npyrom BapuaHTe, IUIsl H3MEpEeHHs TeMIIepaTypEl KOHAEHCATOPHOH
Oaraped MOIyT CTynquaTo U3MEHATh TOK KOHIEHCAaTOPHOH OaTapen; mpu
CTYIIEHYaTOM M3MEHEHHUH TOKa KOHAEHCATOPHOM 6atapey U3MEPSIOT BENUYUHY
CTyHEHYaTOro neperazia HanpsHKeHHs KOHEHCATOpHOH GaTapeu; TeMIeparypy
KOHJIEHCATOPHO# OaTapen ONpemelsioT Kak yObIBAaoNIyro (QyHKIHIO OT
BEJIMUMHEI CTYIIEHYATOrO Mepenajia HanpsbKeHUs: KOHJIEHCATOPHOH OaTapeH.

CurHain Ha ynpassIOmAN BXoJ 06paTHMOro npeobpasoBaTes OAA0T C
BBIXO/Ia KOHTPOJIepa, UMEIOILEro [0 MEHBIIEH MEpe 1Ba BXOJa, OJHH U3
KOTOPBIX HUCIOJIB3YIOT U U3MEPEHHUs HalpshHKEeHUs KOHIEHCAaTOpHOM OaTtapew,
a BTOPO¥ — JJIs NNOJKIIIOYEHUS TEPMOAATYHKA.

Cy1iecTBeHHbIE TIPU3HAKH 3asBIEHHOr0 criocoba cBA3aHbl ¢
JDOCTHXKEHHEM TEXHUYECKOro pe3ysbTara CleAyIoluM o0pa3oM.

INpu3Hak, MO3BOJIAIOLIMIA 3aJaBaTh TOK KOHIEHCATOpHOH GaTtapew,
1oJaBas COOTBETCTBYIOIIMH CHIHAJI Ha YIPaBILIOMKH BX0 00paTHMOro
npeobpa3oBates, JaeT BO3MOXHOCTH Ipu HepaboTaromeM JIBC ocymecTBiasATh
3apAAKY/pa3psaKy KOHIEHCATOPHOW M aKKyMYJISITOpHOM Oatapel (3apsaka
KOHJIeHCATOPHOI OaTaper COMPOBOXKAAETCS pa3pAAKON aKKyMyISATOPHOM
Oatapen, 1 Ha060POT, - 3apsIKa aKKyMYJISTOPHOH OaTapen CONpOBOXKAAETCS
pa3pAAKOH KOHIEHCATOpHOU OaTapen); ykazaHHas BOSMOXHOCTb, B
COBOKYITHOCTH c IIPU3HAKOM MHOT'OKPAaTHOIO HU3MEHEHM HanpaBileHUs TOKa
KOHJIEHCATOpHOH OaTape, 103BOJISET IIEPHOIUYECKH Ye€PET0BATh LIMKIIBI
3apsKu/paspsaaKH KOHACHCATOPHOH M aKKyMYyJIATOpHOM 6aTapei, B mpouecce
KOTOPBIX MOCIEAHHE pa30rpeBalOTCs 3a CUET PaCCEUBaHUA MOIIHOCTH Ha HX

BHYTPEHHEM COIIPOTHUBJICHHUH.
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ITo pesynbTaTtam U3MepeHUs TeMIepaTypbl KOHIEHCAaTOPHOH Gatapeu
3a1al0TCS YCIOBHA, B 3aBUCHMOCTH OT KOTOPBIX OCYIIECTBISETCS pa3orpes
HAKOIMTeI SJHEPTUH MO0 3apsa/iKka KOHAEHCATOpHOH 6aTapen U €€
nocieayolee MoiepXKaHue B 3apsSHKEHHOM COCTOSHHMH; 3UMOH 3TO
yBEJIMYHUBAET BBIXOAHYIO MOIIHOCTh HAKOIIUTEISl S3HEPTUH, U ITOBBILIAET
HaJeXKHOCTH 3JieKTpocTaprepHoro mycka JIBC.

COBOKYITHOCTB IPH3HAKOB: «33JaI0T HalpaBlleHHE TOKA KOHIECHCATOPHOM
Oartapen, COOTBETCTBYIOLIEE €€ 3apsAKe IIPU YCIOBUH, YTO HaNPSIKEHHE
KOHJIEHCAaTOpHO# 6aTapey He MPEeBbIIIAaeT HHKHUHM IOPOrOBBIH YPOBEHb;
3a[al0T HallpaBJIeHUE TOKa Kon,ueHcaTophoﬁ Oarapeu, COOTBETCTBYIOLIEE €&
paspsiiKe pH YCIOBHH, YTO HaNpsDKeHHe KOHAEeHcaTopHol 6aTapen
IIpEBBIIIACT BEPXHHUI IOPOTOBHIN YPOBEHb; OCTABIIAIOT HEU3MEHHBIM
HarnpaBJIeHHe TOKa KOHAEHCAaTOpHOU OaTapeu IpH YCIIOBUH, YTO HAIIPSHKEHUE
KOHJIEHCATOPHO# GaTapey MnpeBbIIaeT HIKHUHA OPOroBhIi ypOBeHb U
OJJHOBPEMEHHO He NPEBBIIIAeT BEPXHUI IOPOTOBBIA YPOBEHbY» pacKphlBaeT
crocob peanu3aluy MepUOANIECKOro (aBTokonedaTen-HOro) rpouecca, B
pe3yJIbTaTe KOTOPOro MPOUCXOJUT MHOTOKPATHOE H3MEHEHHE HAIIpaB/ICHUs
TOKa KOHJIEHCAaTOpHO! OaTapeu.

CyILIHOCTH 3asBJIEHHOT0 crIoco0a MosICHIETCS YepTexKaMH.

dwur. 1 coepXXUT cxeMy NEKTpooOOpyAOBaHHs TPAHCIIOPTHON MAIIHHBL.

@wur. 2 cCoIep>XUT BpPEMEHHbIE JHarpaMMbl:

- TOKa ic KOHJIeHCaTopHO# batapew;

- HaTpsDKEHHS Uc KOHJIEHCATOpHOH OaTapey;

- HaTpSDKEHUS U aKKyMYJISTOpHOM GaTapeH.

OcyllecTBIeHHE 3asBICHHOTO CII0c00a pacCMaTpUBAETCs Ha IIpUMeEpe
HaAKOIIUTEIA DQHEPTHH JICTKOBOI'O aBTOMO6I/IJ'ISI, coaepiKalulero akKyMyJIaTOPHYIO
Garapero ¢ HOMUHATBHEIM HarpshkeHneM 12 B u KoHAeHCaTOpHYIO 0aTapero ¢

MakcHMMalibHBIM HamnpsbkeHreM 20 B. Iloporoselii ypoBeHb TeMII€paTyphl
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KOHJIEHCATOPHO# OaTapeu oNpeAeNeH 3KCIEPUMEHTANIBHO U COCTABIIACT MUHYC
15 rpanmycos Lienbcus.

Ha cxeme (¢ur. 1) moka3zaH HaKONMUTENb S3HEPIUH, KOTOPBIHA COACPIKHUT
aKKyMYJISITOpHYIO 6aTapeto 1, KOHIEHCAaTOPHYIO 6aTapero 2 U BKIIFOYCHHBIH
MeX Iy HUMH o6paTHMBL# peobpa3oBaTens 3 ¢ yIpaBISIOIIKM BXOIOM 4.
VYrpaBnsromuii BXo 4 CBsA3aH ¢ BBIXOZOM KOHTpoJiepa 5. Bxox 6
KOHTPOJUIEpa CBs3aH C KOHACHCATOPHOH b6aTapeei 2, BXox 7 —¢
TEPMOJATYMKOM 8, BXOJ 9 — C CHCTEMOH ynpaBlieHUs TPAHCIIOPTHON MaUIWHbI
(Ha cxeMe He TOKa3aHa). B coctaB 31eKTpooOopy I0BaHHs TPaHCIIOPTHOM
MAIIMHBI BXOAAT TaKxke 3nektpoctaprep 10, reneparop 11 u pasnuyHeie
Harpy3kd (Ha cxeMe He [TOKa3aHBbl).

B cho,uﬁOM COCTOSIHUH, - TIOCTIE ITTUTENbHON CTOSTHKY TPAaHCIIOPTHOM
MaLIMHEI BCe MOIIHEIE HArPY3KH OTKIIIOYEHBI M aKKyMyIsaTopHas 6arapes 1
paboTaeT B pexuMe, 6JIM3KOM K XOIOCTOMY X0y, HAIIPSKEHUE Uy
aKKyMYJISTOpHOU OaTaper B pacCMaTpHBaeMOM IIPUMEPE COCTABIIAET OKOJIO
12,5 B. Ilpu aTOM cHrHaj, IOCTyNaomui ¢ BpIX0Ja KOHTpoiuiepa 5 Ha Bxox 4
obpaTtuMoro npeodpa3oBaTels 3aJaeT TOK ic KOHIEHCATOPHOM OaTape paBHBIM
HYJI0, KOHJIeHcaTopHas 6aTapes 2 pa3psbkeHa, e€ HalpsDKEHHE Uc MaJIo.

[Tepen myckom JIBC Ha Bxon 9 kOHTpoOJLIepa IOCTyNaeT CUIHal OT
CHCTEMBI YIIPaBJIeHHUs TPaHCIIOPTHON MamMHbl. KoHTpoiiep 5 onpenenser
HOTpeOHOCTD B pasorpeBe HAKOIIUTEIS SHEPTUH [10 ypOBHIO'CI/II‘HaJIa,
HOCTYIAMOIIETO Ha BX0J] 7 KOHTpOJLIepa ¢ TEpMOJATIMKa 8: eciM TeMIieparypa
TepMOJIaTUhKa 8 He MpeBbiiaeT noporoslit yposens (-15°C), To HeobxonHUM
pas3orpes.

B Tex ciy4asx, KOraa noTpeGHOCTh B pa30rpeBe OTCYTCTBYET,
KOHTPOJLIEDP 5 MOAaeT CUrHaNbI Ha yNpaBisgiomuil Bxoq 4 o6paTuMoro
npeoOpa3oBaTens B CIEAYIOIIEH II0CIeN0BaTENLHOCTH:

- eCJIM HaNpsHKeHHE Uc Ha BXoJe 6 KOHTpOJUIEpa HUXKE MaKCUMAJILHOTO

yposHs (20 B), To KOHTpoIep 5 MoAaeT CHrHall 3apAIKH KOHIAEHCATOPHOH
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6arapeu 2. [Ipr 3TOM TOK ic KOHIEHCATOPHOM 6aTaper MONIOXKUTENEH
(IpoTeKaeT B HaMpaBJIEHHH OT 06paTHMOro peobpasoBaTels 3 K IIHOCOBOMY
BHIBOZly KOHIeHCaTOpHOM Gatapeu 2). OXHOBPEMEHHO TOK is aKKYMYJISITOPHOU
GaTapen paspsKaeT eé, MpoTeKas B HalpaBIeHHWH OT [II0COBOTO BBIBOJIA
aKKyMyJIaTOpHO# Oatapeu 1 k oOpaTuMoMy mpeobpasosarento 3. Tok
aKKyMynaTopﬁdﬁ Oarapeu 1 (6e3 ydyera moreps B 0OpaTHMOM
npeobpa3oBaresie 3) COCTaBIsAET

i =ic(uc/ ua) (1);

- €CII HaMpsDKeHHe Uc Ha BXoJie 6 KOHTpoJuIepa paBHO MaKCUMAJIbHOMY
ypoBHio (20 B), To KoHTpoJUIEp 5 HOaeT CUTHAI, KOTOPBIA 3aJaeT HyIE€BOH TOK
ic KoHEeHCATOpHO# GaTapeu 2, - e€ 3apsjka npekpamaerca. OQHOBpEMEHHO
aKKyMyJisTopHast Oarapesi | mepectaeT pa3pskaTbed, TaK Kak €€ TOK i B
COOTBETCTBHH C ypaBHeHHeM (1) ctaHOBUTCS paBHBIM Hymo. Hakonurens
3Hepruu roroB k mycky JABC.

B Tex cnyqaslx, KOTJja UMeeTCs NOTPeOHOCTh B pa3orpeBe HaKOIUTENSL
sHepruy nepes myckoM JIBC, koHTpomsep 5 nojaeT CUrHabl Ha
ynpaBisAonuid Bxox 4 obpatumoro npeodpazosaress, GOpMUPYS BpEMEHHEIE
JMarpamMmel, IIpeicTaBlieHHbIe Ha Qur. 2:

- B HaYaJIbHBIH MOMEHT BpEMEHH HarnpshKeHHe Uc Ha BXoze 6
KOHTpOJIJIEpa MeHbIIIe HIKHEro MOporoBoro yposHs (2 B) 1 koHTpomep 5
I0JaeT CHIHAJ 3apsKH KOHAeHcaTopHO# O6arapen 2 (ic = 90A).
OnHoBpeMeHHO aKKyMysaTopHast 6arapest 1 paspsbkaeTcs U €€ HalpsHKEHUE Uy
npocaxusaercs 10 9+10 B. Hanpsokenue uc KoHAeHCaTOpHOMH Oarapeu
HapacTaeT — 116 TEX IOp, MOKa OHO He JOCTHUIIIO BEPXHETO MOPOroBOro
yposus (10 B) 3apsinka koHIeHCaTOpHOH O0aTaper 2 pOAOIDKAeTCS;

- KOT/ia HaNpsHKEHHE Uc Ha BXoJe 6 KOHTpoJIepa IOCTUTaeT BEPXHETO
noporosoro ypoBHs (10 B) koHTpoiuiep 5 mojaeT CUrHaJ pa3psiaku
KOoHIeHcaTopHo# 6araped 2 (ic = - 90A). OTHOBpEMEHHO aKKyMYJIITOpHasd

Garapes 1 HaYMHAET 3apsDKATHCA, TAK Kak € TOK ip B COOTBETCTBHH C
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ypaBHeH#eM (1) MeHSIeT 3HaK, - HANPSDKEHUE Uy YBETHYHBAETCS
npubnusuTensHo 10 14 B. HanpspkeHue uc KOHASHCATOPHOH O6aTapeH maiaer;

- KOTZia HaNpsHKEHHE Uc Ha BXoJie 6 KOHTpoJiepa JOCTUTaeT HIKHEro
rioporoBoro ypoBHs (2 B) koHTpoiiep 5 BHOBE IIOIa€T CUTHAN 3apsAKH
KOH/IeHCaTOpHO# Oartapen 2 (ic = 90A);

- UKJIBI 3apAAKH/Pa3psaaKi KOHIEHCAaTOPHON M aKKyMYJISTOPHOM
Oarapeif MHOTOKpPaTHO ITOBTOPSIFOTCS;

- B MOMEHTBI H3MEHEHHS TOKa KOHIeHCaTOpHO! 6arapeu (B
paccMaTpHBaeMOM NpuMepe n3MeHeHue Toka Aic = 180A) cryneHyarsii
Tneperiajl HampsHKeHHs. Ha €€ BHYTPEHHEM CONIPOTUBNEHHH R cocrasiser

Auc = Aic Re (2);

- B IIpoliecce MHOTOKPATHOH 3apsaaKu/pa3psiki aKKyMyJIATOpHas H
KOHJIEHCAaTOpHAas 6aTapen pa3orpeBaloTCs 3a CYET paCCEMBAHMS MOLHOCTH Ha
UX BHYTPEHHEM COIPOTUBIICHUH, KOTOPOE MPU 3TOM YMEHBIIAETCS — COIJIACHO
ypaBHEHHIO (2) Taxke yMeHbIIAeTCs CTyIIEHYaThIH Nepenaj HanpskeHus Auc
KOHJIeHCaTOpPHO# Oarapew;

- OJIUH U3 BApPHAHTOB OCYIIECTBIIEHHUS 3asBIEHHOIO CIIOCO0a COCTOHUT B
TOM, 4T0 KOHTPOJLUIEP S5 u3MepseT Ha BxoJie 6 nmepenaj HapsHKEHUS Auc
KOHJIeHCaTOpHOH Oarape M MpeKpalaeT pa3orpes, KOraa CTyneHYaThli
Tniepenaj HampsbKeHUs! Auc CHHXKAETCs 10 IOPOroBOro YpOBHS,

- Ipyroii BapHaHT OCYLIECTBIEHHUS 3asBICHHOrO CII0c00a COCTOUT B TOM,
YTO KOHTPOJUIEP S5 W3MepseT Ha BXoAe 7 TeMIlepaTypy KOHAECHCATOPHOM
OaTapen TEpMOAATYMKOM 8 U MpeKpalaeT pa3orpes, Korjna TeMieparypa
KOHJICHCATOpPHOM OaTaped MOBBIIIAECTCSA [0 IOPOrOBOr0 YPOBHS,

- [I0CJIe 3aBEPIUICHUS pa3orpeBa KOHTPOJUIEP S MMOJAECT CUTHAN 3apAIKH
KOH/IEHCAaTOPHOM GaTtapeu 2, IpH 3TOM aKKyMyJIATOpHas 6aTtapes |
paspspKaeTcs;

- B IPOLIECCE 3apSIKU KOH/IEHCATOPHOM Oarapeu 2 €€ HanmpshKeHue Uc

HapacTaeT [0 TeX I10p, MOoKa He JOCTUTHEeT MaKCHMalbHOro yposHs (20 B),
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10Cjie Yero KOHTPOJUIEP 5 MOAAET CUTHAI, KOTOPHIH 3aaeT HyJIeBOH TOK ic
KOH/IEHCATOpHO# 6atapewn 2, - e€ 3apszka npekpamaerca. OIHOBPEMEHHO
aKKyMynsaTopHas 6atapes 1 mepecTtaeT pa3pshkaThes, TaK Kak €€ TOK ia B
COOTBETCTBHHM C ypaBHeHHeM (1) cTaHOBUTCs paBHBIM Hy0. Hakonurenb
sHepruu roros k mycky JIBC.

Topsiok ynpaBieHus 3apsiIKoi/pa3psaAKOi HAaKOIIUTENS SHEPTHH B

pexumax nycka u pabots! [IBC usBecTeH u fajee He pacCCMaTPUBAETC.
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POPMYJTA

1. Crioco6 ympaBieHMs HaKOIHMTENIEM SHEPrHd TPAHCIOPTHON MallHHBI,
COCTOAIIMM H3 AaKKyMYJATOpHOH Oaraped, KOHJEHCAaTOpHOW Oarapew u
BKJIFOYEHHOTO MEXAY HUMHU 00paTHMOro npeobpa3zoBares, 3aKIIo4aroIuiics B
TOM, YTO 33Jal0T TOK KOHAEHCATOPHOW OaTapew, 1ojaBasi COOTBETCTBYHOLIUH
CUT'HaJI Ha YIpaBISAIONIMHA BX0A 00paTUMOro Npeodpa3oBatels, OTIHIAOIIUICS
TEM, YTO Iepe] IyCKOM JBHrareis BHYTPEHHEro CropaHHs TPAaHCHOPTHOH
MalI¥HbBl M3MEPSAIOT TeMIlepaTypy KOHIEHCAaTOpHOH OaTaped; MHOTOKpPAaTHO
U3MEHAIOT HalpaBlieHHe TOKa KOHIEHCATOpHOM OaTaped IpH YCIOBHH, 4YTO
TeMIepaTypa KOHAEHCAaTOpHOH 6aTaped He NpEBBIIIAET MOPOTOBBIH YpOBEHB;
3aJlal0T TOK KOHJEHCATOpHOU Oarapeu, obOecrieduBalOmUi €€ 3apsAAKy u
nocnenywouee MOANEpKaHUE B 3apsHKEHHOM COCTOSIHUM TIPH YCJIOBHH, YTO

TeMIlepaTypa KOHAE€HCaTOpHOU 6aTapeH MpeBbIIaeT IOPOrOBbIi YPOBEHb.

2.Cnoco® mo m. 1, oTnMyaromuiics TeMm, YTO i MHOTOKPATHOro
HW3MCHEHHs HalpaBleHUs TOKa KOHAEHCAaTOpHOM Oarapen H3MepSIOT €&
HanpsDKeHHe;, 3aJlaloT HalpaBleHWe TOKa KOHAEHCATOpHOM OaTapew,
COOTBETCTBYIOIlCE €€  3apsfke [IpH  YCJIOBHUH, 4YTO  HaIpsKEHHUE
KOHJIEHCAaTOPHOM Oaraped He TMpeBHINIaeT HIKHUM IOPOrOBHI YpOBEHb;
3a[al0T HaIpaBJICHWE TOKa KOHIEHCATOpHOH OaTapeW, COOTBETCTBYIOIIEe e
paspsllke INpU YCIOBUHM, 4YTO HalpsHKEHHE KOHAEHCAaTOpHOW Oarapen
IpeBHIIACT BEPXHHH IMOPOrOBBHIH YPOBEHB;, OCTaBISAIOT HEHW3MEHHBIM
HalpaBJieHHe TOKa KOHIEHCATOPHOHN Oaraped MpH YCJIOBHH, YTO HampsDKEHUE
KOHJIEHCAaTOpHON ©OaTapen TMpeBBIIACT HUXKHUHA IIOPOTOBBIM ypOBEHb U

OJHOBPEMEHHO HE TIPCBBIIACT BerHI/Iﬁ mopor OBBIN YPOBCHbG.

3Cnoco6 mno m 1, oTnMYalomuiicdi TeM, 4YTO Mg H3MEPEHHUs

TCMIICPAaTypPbl KOHIIGHC&TOpHOﬁ 6aTapeH HCIIOJIb3YKOT TCPMOJATIHK.
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4.Cnoco6 mo mn.l, oTiMyaomMicas TeM, YTO JUIA U3MEpEHUS
TEMIIEPaTyphl KOHJECHCATOPHOM OaTaped CTYNEHYaTO MW3MEHSAIOT TOK
KOHIEHCATOpHOM  Oaraped; TpH  CTYyNEHYaTOM  HM3MEHEHHH  TOKa
KOHJIEHCAaTOPHOH 6aTaped M3MepAIOT BEIUYHHY CTYNIEHYaToro mnepenaja
HaOpsDKEHHUS KOHJEHCAaTOpHOW Oarapeu; TemIeparypy KOHIEHCATOPHON
Garapey ONpeAeNAIoT KaK yObIBAIOIIYI0 (DYHKIMIO OT BEJIHMIHHBI CTYIIEHYAaTOro

riepernaja HanpsHKeHUsT KOHAECHCATOpHO# Gatapen.

5. Cmoco6 mo m. 1, oTnMyaomuiics TeM, YTO CHTHAN Ha YIpPaBJIsHOLIAN
BX0J obpaTumoro mpeobpa3oBaTels MOJAIOT C BHIXOJA KOHTPOJLIEPA,
MMEIOUIEro M0 MEHBIEH Mepe ABa BX0Ja, OAUH M3 KOTOPBIX MCIOJB3YIOT LIS
W3MEPEHUS HAaNpsHKeHUs KOHIEHCATOpHOH OaTapeuw, a BTOpoM — g

NOAKIIOYECHHUA TepMOOaT4YHKa.
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