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HarmionansHuil TexHIYHUNA yHIBEpCUTET Y KpaiHu

«KwuiBcbkuii monmiTexHiunuit iHctutyT iMeHi Iropst Cikopeskoroy» Kpi.ua
KuiB, Ykpaina

Pepepam—Y cTaTTi HaBeeHO Pe3y/IbTATH eKCIIEPHMEHTAIBLHOIO JAOC/i/IZKeHHsI BILIMBY 3apsiAy iMITyJIbCHUM acHMeT-
PUYHHMM TA MOCTIHHUM CTPYMaMH HA EMHICTb aKyMYJISITOPHUX GaTapeii. Po3pod/ieHo npucTpiii 3apsay Ta po3psigy aJs eKc-
nepuMeHTAJIBHUX Aocaimkenb moao SLA (Sealed Lead Acid — repmerun3oBaHi cBuHueBo-kuca0THi) Ta Ni-Cd (Hikeab-kaa-
MmieBi) akymyasaropis. Ilix yac ekcnepuMeHTY BH3HAYEHO NAapaMeTPU HANPYIH Ta CTpyMy. BusiBjieHo, 10 3MeHIICHHS
€MHOCTi FépMETHYHHX CBHHIEBO-KHCJIOTHHX aKyMYJATOPIiB Bin0yBaeTbcsi Maiizke B 2 pa3sd HOBiIbHilIe, Hixk 32 3apsaaoM
nocTtiiiHuM crpymom. Ilorimo/enuii aHa1i3 BIVIMBY HA aKyMYJISITOPH Pi3HUX 3HAYeHb aMILTITYJ Ta TPUBAJIOCTI 3apsiAHUX

i po3psiAHuUX iMIIy/IbCIB Hafa€ 3MOTy MOJOBKUTH CTPOK eKCILIyaTalii akyMyJ/JITOPHHUX OaTapeii.

Biox. 14, puc. 4, ¢poto 3.

Knrwuogi cnosa — acumempuunuit cmpym; iMRynbCHUIL CMPYM 3 360POMHUM GUKUOOM; 3APA0 AKYMYIAAMOPIE; 3apAOHUIL

npucmpiii; akymyniamopna damapesn

I. BcTvI

VY 3B'3KY 3 HIMPOKUM BHUKOPUCTAHHSIM aKyMyJISITOD-
HUX OaTapeil, Ak 3aco0iB €JIEKTPOKUBICHHS paioenek-
TPOHHOI anapaTypH Pi3HOTO MPU3HAYCHHS, HA CHOTOJIHI-
IIHIH JIeHb aKTyalbHOK € Ipo0iieMa MOJOBXKEHHS Tep-
MiHy IX eKCIUTyaTalil, 0 ONOCePEAKOBAHO MPHUBEAE 10
3MEHIIICHHS 3a0pyIHEHHs HABKOJIMIIHBOIO CEpPeIOBHIIA
Ta 3MEHIUUTH (hIHAHCOBI 3aTPaTH Ha TEXHIYHE 0OCIyro-
ByBaHHs OaTapeil Ta Ha OHOBIICHHS 1X apKy. BupinreHHs
i€l npobyeMu Moxe OYTH JOCATHYTO HIJISIXOM BIOCKO-
HaJICHHS IIPHCTPOIB Ta CIIOCOOIB 3apsay aKyMyJISTOPHUX
Oarapeii, B TOMy 4HCIi 3apsy IMITYJIbCHUM acUMETpU4-
HHUM CTPYMOM, OCKUIBKH TaKWil 3apsj Iae 3MOTY MiIBH-
IIUTH HOMIHAJIbHY €MHICTh, a TAKOX HPOIOBKUTH TEp-
MiH XHTTS aKyMyJISATOpHHX Oartapeit B 1.5-3 pasu, mo
JIOBENICHO 3apyODKHMMH Ta BITYM3HIHUMH TOCTIiTHU-
kamu Ta BuHaximHukamu [1-13]. [TinBuiieHHs: eeKTHB-
HOCTI ITMX CHOCOOIB Ta MPHUCTPOIB 3apsiay aKyMyJIsSTOp-
HUX Oarapedl HaJacTh MOXKIUBICTD iX OUIBII IIHPOKOMY
3aCTOCYBaHHIO.

Jliist miaTBepUKEHHS TeOpeTHYHUX Aanux [7-8], OyB
CTBOPEHHH 3apsiIHUI MPUCTPIH, 0 Ja€ 3MOTY €KCIIePH-
MEHTAJIBHO JIOCTIJUTH BIUIMB 3apsily acCHUMETPHYHHUM
CTPYMOM Ha CTPOK CITY’KOH aKyMyJIaTopa. Y 3alpoIoHO-
BaHOMY TIPUCTPOI JUIs 3apsPKaHHS aKyMyJISITOPIB peati-
30BaHO TPHU METOAa 3apsAy: MOCTIHHHM, IMITYIIbCHIM
ACHMETPUYHUM (UepryBaHHs 3apsAAHHX Ta PO3PSIIHUX
IMITyJIBCIB) Ta IMITyJbCHUM (TUTBKU 3apsiiHi IMITyJIbCH)
CTPYMOM.

OCHOBHHUMH 00’ €KTaMU JOCIIHKEHHS € aKyMyJISITOPU
cepiiiHOro BHpPOOHMITBA, Yepe3 iX JIErKy JOCTYIHICTh
i MacoBicTh, a came Ni-Cd akymysasTopu BHPOOHHIITBA
Energy Technology Co., Ltd, mozmens D-SC2000HP,
3 emuicTI0O 2000MA*TO, 1 BA TEPMETUYHHUX CBHUHIIEBO-
KUCIOTHUX akymynstopa SLA  BupoOnuursa Full
Energy, monens FE-7-12 1SO9001, 3 emuictio 7 A*ros.
[TpoBeneHHs eKCIepUMEHTIB Ha CEepiHUX 3pa3zkax JIae
3MOTY CTBEpXKYBaTH, IO Oymb-fKa 3MiHA €MHOCTI
B JIaHUX aKyMYyJISITOpax, Ky 3apeecTpOBaHO Iifl 4ac eKc-
MIEPUMEHTIB, O0OYMOBIICHa CaMe PEKHMOM 1 CrocoOoM
3apsiny / po3psily AJaHHX aKyMyJISITOPIB.

OTXe METOI0 CTaTTi € TMOJalbIle YJOCKOHAJICHHS
PSKUMIB 1 3aCO0IB 3apsAPKaHHSI aKyMyJIITOPIB, PU3HA-
YEeHUX JUIA LIMPOKOTO 3aCTOCYBAHHS, 3aluis 3abesre-
YeHHsI TEpMIHY 1X eKcIuTyarallii 3a yMOB 30epeKeHHs Ta,
IHKOJIM, 30UTBIICHHS X €HEPrOEMHOCTI.

II. ®YHKUIOHAJIBHA I EJIEKTPMYHA ITPVH-
OUITOBA CXEMU 3APANHOI'O ITPUCTPOIO

OyHKI[IOHATBHA CXeMa eKCIIePUMEHTAIFHOI YCTaHO-
BKM HaBeJieHa Ha puc. 1

Jlo ckilasly eKceprMEHTalIbHOI YCTaHOBKH BXOJATh
Taki (yHKIIOHATBHI €TIEMEHTH:

o JIK- mxepelo KUBJIEHHS

e  IIIT — mWUPOTHO-IMITYJIbCHBIN TEPETBOPIO-
Ba4

e JIC — nat4ymk cTpymy
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EnexkTpoHHI cucTeMU Ta CUTHAIIN
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Puc.1 OyHKIIOHATBHA CXeMa eKCIIEPUMEHTAIBHOI YCTAaHOBKU

e JIH — natyuk Hanpyru
e Ab - akymynstopHa Oarapest
e HK - HakonmnuyBabHUN KOHAEHCATOP

e MCK - wikpomnporecopHa CUCTEMa Kepy-
BaHHSA

e JIK — nepcoHanbHUN KOMI IOTEP
e RS-232 - inrepdeiic miaxmouenus mo [1K

xepeno sxuBnenas (J0K) - me mneperBoproBau
HAIpPyrd MEPEeKi JKUBJICHHSA 10 CTaOiIi30BaHOTO 3HA-
YeHHS MOCTIMHOI HAIIPyTH Ta CTPyMY Ha BHXOJI, BiJIIO-
BizHO 24B, 10A. CTpyM™ Bix mKepena KHUBICHHS I10/1aHO
Ha BXiJl 3HIKYBAJHHOTO IIHPOTHO-IMIYJICHOTO IIepe-
TBOproBaya (ILIII-1), saxwii 3abe3neuye 3amaHi mapame-
TPH 3apsiTHOTO IMITyNIbCY AJISI aKyMyJIATOpHOI OaTtapei
(AB). Big LIIII-1 ctpym Hagxomuth y AB uepe3 maTauk
crpymy (HAC), sixkuit HeoOXimgHMH Jis HiIpaxyHKY
Amnep*200, Bignanux Ab Ta KOHTPOIIO CTPYMY 3apsiry.

Hartuuk Hanpyru Ha AB (/[H1) npu3HaYeHUA U1 KOHT-
podro Hanpyru Ha Ab.

HIITI-1 popmye 3apsiHU IMITYJIbC 13 38 JTaHUMH TIPO-
MDKKaMH 9acy. Y MOMEHTH 4acy MiX 3apsSIHAMH IMITy-
nbcamu npatroe 1IIT-2, skuii hopmye po3psaHuii imMiTy-
nec Ab, eHepria sikoro Hakonmdye KoHneHcatop (HK —
HAKONUYY8anbHull Kondencamop). JlaT4uk Hanpyru
(AH-2), mpu3HavyeHuit I KOHTPOIIIO 3HAYCHHS HAIIPYTH
Ha HK. ¥ MoMeHTH, KOoNIM Hampyra gocsArae 3a3Ha4e€Horo
piBas, IIII1-2 BuMKHEHO i eHepris, HakonmdeHa B HK,
HAAXOMUTh Ha BXix Ab uepe3 ILII-1 mig gac dopmy-
BaHHS 3apSAAHOTO IMITYJIbCY.

MCK 3abe3neuye:

e kepysannsa LIII-1, IIITI-2 BixmoBimHO 1O
3aJaHOTO aJITOPUTMY;

®  KOHTpOJIb CTPYMY i HalpyTH;

e anajoro-uudpoBe nepeTBopeHHs iHpopma-
1, [0 HAAXOAUTE;

e mepenauy indopmariii no I1K;

e kepysanHs uepes [1K;

[Mepconanbumuit komm'torep (I1K) Bukonye dyHkuii
TIPECTPOIO peecTparii i Bizyamizarii iHpopmariii Ta kepy-
BanHss MCK. KepyBanns ta 3untyBannss MCK peaiizo-
BaHO iHTep(eticom RS-232.

CxeMy eJIeKTpUYHY NPHHIMIIOBY CHJIOBOi YaCTHHHU
3apsIHOTO MPUCTPOIO NokazaHo Ha puc. 2. LIIII-1 3uu-
JKYBAJILHOTO THITy, SIKHi peaji30BaHO Ha eJeMeHTax
VTI1, L1, VD2, dpopmye 3apsaHuil iMITyIIBC, IO HAIXO-
quth Ha AB. IIT1-2, migBuiyBaabHOrO THITY, IKUN pea-
mizoBaHo Ha enemeHtax L2, VT2, VD4, Cl1, dopmye
pO3pAAHMN IMITyTBC, eHepriio skoro Hakomuaye Cl
(HK). B momenT, konu Hanpyra Ha HK nocsrae nesHoro
piBus, LIII-2 nmepecrae mpamoBaTy i €HEpTisi, HAKOITH-
yena HK, Hamxoauts Ha BXig A depes IIIII-1 mix vac
(hopMyBaHHS 3apATHOTO IMITYIIECY.
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Puc. 2 Cxema enekTpuyHa NPUHIIMIIOBA CHIIOBOT YaCTHHH IIPUCTPOIO
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TABIMLA 1. PEXXUMU POBOTH CUJIOBUX KJTIOUIB

Ctpym MocTiitnmii Imnyabcumii IMnyabcHuii acuMeTpHYHUI
Kiiou Pecm nepioo 3apaouuit imnynsc Po3paonuit imnynsc 3apaonuit imnynsc
VTl THITT 3akpurtHii LIIT 3akpuTHii THITT
VT2 3akputuit 3akpurui 3akpurui LHIIT 3akputuit

MikporpoliecopHa cucTeMa KepyBaHHsI, Ka 100y 10-
BaHa Ha OCHOBI MikpokoHTposiepa XMega32A4AU,
BUKOHY€ (DyHKIIiT KOHTPOIIIO Ta KEPYBaHHs, a came — ITij1-
TPUMYE B aKyMyJISATOPI HEOOXIJIHI 3HAUCHHS CTPyMY Ta
HAalpyTry, peaiizye anroput™ poboTH, nepenady iHpop-
Marlii 3 gaT4uKiB 1 nepenady nanux jno I1K. [ndopmaris
3 NATYMKIiB CTPyMy Ta HANPYrd HAJIXOAWUTh HA TOPTH
Bxony PB1, PB2, PB3, PB4. MikpokoHTpoJep Mae aHa-
JIoro-IM(pOBHUIl IEepeTBOpIOBaY, IKUH ouN(ppPOBYE BXif-
HUI aHAJOTOBUI CHTHAN y NBIHKOBHUH Koj. BimmoimHO
JI0 TaHUX, SIK1 Ha/IIHIUIH, KOHTPOJIEp KOPUTYE TOKA3HUKH
3apSAIHUX/PO3PSAOHAX IMIYJIbCIB 3 TOPTIB BHUBEICHHS
PCO, PCI1, PC2, PC3, ski miAKIIOUYCHI 10 ApaiBepy
cmroBux krrouiB ULN20031. ¥V Tabm. 1 mokazaHo anro-
put™M poboTu KmouiB mig vac podortu 31 B pexumi
3apsy.

MCK otpumye >XHBICHHS Bif JiHiiiHOrO cradimiza-
Topa, sikui mix’ eqrano no Buxoxny K. TTK mepersoproe,
Bianpasneni 3 MCK, macuBu ganux B rpadivHuii BUTIIsLI
[9]. BukopucTanHs gaHOro THITY Bidyauisauii iHpopmarii
Jla€ 3MOTI'y CIIOCTEpiraTH 3a MIaHWMH, SKI HAAXOIATh
3 JaTYMKIB y PEKHMI PEealbHOTO 4acy i 3a BiJIpaBKOIO
komaH[ kepyBanHi MCK.

I1l.  THIII PE2XKUMU POBOTU 311

VY masomy 3I1 peanizoBaHO MOMIIUBICTB 3apsiKaTH
AD He TUIbKM aCUMETPUYHMM, a W IMITyJIbCHUM Ta HOC-
TIHHUM CTPYMOM, IO Ja€ 3MOTY 3apsyDKaTH Pi3HI THIH
AB pizHuMHE crtoco0amMu, B 3aJISKHOCTI BiJl TOCTABICHUX
3apmaHp min 4dac gocuimkeHHs [10]. Pexwumu pobotn
KJTIOYIB JUTS Pi3HUX CIIOCO0IB 3apsy HaBeIeHO B TaoI. 1.

®oto 1 ExcniepumenransHoro 311

IV. TIPOBEJEHHA EKCIIEPUMEHTY

Jlyist miATBEp/PKEHHS! MPale31aTHOCTI Ta MPOYKTHB-
HOCTi 3amporOHOBAHOTO MiAXOJYy CKOHCTPYHOBaHO Ta
nporecroBano npororur 311 (poro 1).

Hanpyra na Bxoni 311 ~220B, Harpyra Ta cTpyMm Ha
suxoxi 31T — no 24B, no 10A, BignosigHo.

Hns cBuHIEBOro akymynsaropa 7 A*rox 3apsiiHuid
iMmmynee ctpymy S5A, mo 18B (doro 2). Jms Ni-Cd
2000 MmA*roa, Ni-MH 2000 MA*rop, 3apsaHi iMIyJIbCH
ctpymy 2A, 1o 9B (doro 3).

I'epmeTnyHi cBUHIIEBO-KUCIOTHI SLA akymynstopu
(7 A*rom) BupoOuunTBa Full Energy FE-7-12 po3psa-
’KEHO Ha Pe3UCTHBHE HaBaHTaXXeHHs 15 OM 31 cTpyMOM ~
0.8A.

Ni-Cd 2000 mA *rox, Ni-MH 2000 MA *rox akymyis-
TOPH PO3PSKEHO Ha Pe3UCTHBHE HaBaHTaXeHHs | OM.

Tax camo TpoBeieH] UKIM 3apsiy/po3psay 1HIIOTO
CBHUHIICBO-KHCIOTHOTO akymynstopa 7 A*ron mocrii-
HUM CTPyMOM. 3apsaHuil cTpyM 1A, a po3psamkany Ha
pesucTiBHE HaBaHTaXeHHS 150M 31 ctpymom ~ 0.8A.

[Tix yac po3psay Ta 3apsity MPOBENSHO KOHTPOJIbHI
BUMIpIOBaHHS HANpyr, cTpyMiB 1 yacy. OTpumMaHi maHi
B XOJIi EKCIIEpUMEHTIB HaBeeHi B [14].

[Tpu Takux nmapameTpax IMIyJbCIB OyJIM NpOBEICHI
nmociinu 3apsay Ta po3psany Ab i moOymoBaHO 3amexHO-
CT1 3MiHM €EMHOCTI aKyMYJIATOPIB Bifl IIUKJIB 3apsy-po3-
pstay st SLA ta Ni-Cd akymysstopis (puc. 3 Ta puc. 4).
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®oto 2 Ocruorpamu 3apsiny SLA
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o4 EnexktpoHnHi cuctemMu Ta CUrHAIIU

Takok Ha OCHOBI JJaHHUX, OTPUMAHMX IIiJ] 4ac EKCIe-
pUMeEHTY, ToOyIoBaHO 3anexHocTi emHOCTI Ni-Cd aky-
MYJISATOPIB BiJi LHUKIIB 3apsy-po3psaay (puc. 4) npu
‘ 3apsdl IMITyJIbCHIM aCHMETPHYHUM CTPYMOM Ta MOCTiH-
HUM cTpyMOM. 3 29 no 39 nukim BinOysocs pizke 3MeH-
MICHHS €MHOCTI aKyMyJisiTopa TpW 3apsiii MOCTIHHIM
CTPYMOM, 1110 BKa3y€ Ha HEOOXIiTHICTh TIOBTOPCHHS C€KC-
TIEPUMEHTY, OCKLTHKH BUPOOHHUKH HATAIOThH iH(POPMAIIifo
g0 1000 umkoiiB, Xo4a B JIHCHOCTI JIEsIKi aKyMyJISITOpH
JAHOTO THITY MOXKYTh BUITH 3 nany i Ha 100 muximax.

BUCHOBKU

1) Po3pobieno mpucTpiii 3apsity Ta po3psay Oara-
peil moCTifHAM Ta IMITyJTECHAM aCHMETPUIHUM
CTPYMOM.

2) TlpoBemeHO eKCIIEPUMEHTH BUMipIOBAHHS 3MiHH
€MHOCTI aKyMYJIATOPIB Yy 3aJIE)KHOCTI BiJl IIUKIIIB

®oto 3 Ocrnorpamu 3apsiny Ni-Cd

Ha ocHOBI ganuX, 1110 OTPUMAaHI ITiJ] 4ac eKcrepume- 3apsity/po3psiny, Mill Yac SIKMX MOCTIHO peect-
HTY, T0OYI0BaHO 3aIeXKHOCTI eMHOCTI SLA akymymsaro- pyBalInCi CTpyM Ta Hallpyra Ha aKyMyJIATOPHHMX
piB BiJ LMKIIB 3apsaay-po3psny (puc. 3) mpu 3apsii iMIny- Garapesix, a TAKOXK 4ac 3apsiy/pospsiy.

JbCHUM ACHMETPUYHHM Ta INOCTIHHHM CTpyMaMH, SKi 3) 3’sicOBaHO, IO AETPANAIIA EMHOCTI AKYMYISTO-

JIAFOTh 3MOTY CTBEPJUKYBATH, 110 IPH 3apsl IMITYIbCHUM
ACHMETPUYHUM CTPYMOM 3MEHIIEHHS €MHOCTI BigOyBa-
€THCSl Maike B 2 pa3y NMOBUIBHIIIE, HIX MPH 3apsfi 1moc-
TilHIM cTpyMoM. llIBHake 3MEHIIEHHS €MHOCTI, fKe
MOKa3aHo Ha puC. 3, 3yMOBJICHE BKpail BA)KKUM PEXHMOM
3apsAdy Ta PO3psAy aKyMyJATOpiB, AKi MPHU3HAYEHI IUIA

pHHX Oartapeil BiJ BUMIpSHOi €MHOCTI Ha Tep-
IIOMY IUKJI TIPH 3apsAfi iIMITyIbCHUM aCUMETpH-
YHUM cTpyMoM Ha 15% meHma, HiK mpu 3aps-
JUKaHHI TIOCTIHHUM CTpyMOM (IIpHM OJHAKOBiit
KUTBKOCTI IMKIIIB).

pobGotu y Gypepromy pexknmi. ToOTo BoHM 106pe mpa- 4) 3’scoBaHo, 110 Ml Yac 3apsiLy iMIyJILCHUM acH-
MIOIOTh TUTBKH TIPH THOWHI po3psay He Oumpmie 20% METPUYHUM CTPYMOM 3MEHIICHHS €MHOCTI Bifl-
i B QUK TIMOOKUX PO3psAiB/3apaiB (rIMOUHA PO3PALY OyBa€eTbCsl Maibke B 2 pa3u MOBUIbHIIIE, HIK MiJ
80% 1 OimpIme) iX cTPOK ciykOHM Maiike BIBIYiI MEHIIE 4ac 3apsay HOCTIHHUM CTPYMOM.

TSTOBHX, SIKI ITPAIIOIOTh Y PEKMUMaX TJIMOOKOTO po3psty,
MAarOTh [TOPIBHIHO BENMKUIl PECypC i HEBEIHMKY BapTiCTh.
OTxe, sl TPOBEACHOTO EKCICPUMEHTY MOTPIOHO OYJI0
6 oOpaTu came TATOBi aKyMYyJISITOPH.

C, A*rox
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Puc. 3 3anexnicts eMHOCTI SLA akyMyJITOpIB BiJt TUKIIB 3apsiIy-po3psiay
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Puc. 4 3anexuicts emHoCcTi Ni-Cd akyMynaTopiB BiJl LIMKIIIB 3apsity-po3psny

(1]
(2]

(3]

(4]

(5]

(6]

(71

5) TlornmubneHuii aHali3 BIUIMBY Ha aKyMyJSTOPH
PI3HUX 3HA4€Hb aMIUTITY]] Ta TPUBAJIOCTI 3apsi-
HUX 1 PO3PSAHUX IMITYIBCIB, JACTh 3MOTY ITiJIBH-
HIMTH €(PEKTUBHICTh BUKOPUCTAHHS aKyMYJIATO-
piB.
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Peghepam—B cTaTbe npencTaBIEHBI PE3YJIbTATHI IKCIIEPUMEHTAIBHOT0 UCCIETOBAHUS BIMSHUS HUMITYJIbCHOTO aCHUM-
METPUYHOI0 M NMOCTOSTHHOTO METO/a 3apsiia HAa eMKOCTh aKKyMYJSTOPHbIX Oatapeii. Pazpadorano ycrpoiicTBo 3apsijia
U pa3psijia s IKCIepuMeHTAIbHBIX ucciaenoanuii Hax SLA u Ni-Cd akkymysstopamu. B TeueHne IKcrepuMenTa onpe-
JeJISLINCh HanpsiKeHHe W ToK. OOHapyKeHo, YTO YMeHbIIeHHe eMKOCTH FepMETHYHBIX CBHHIIOBO-KHCIOTHBIX aKKYMYJIsI-
TOPOB NMPOHCXOIUT NPAKTHYECKH B 2 pa3a MeJJIeHHee, YeM IPH 3apsijie MOCTOSIHHBIM TOKOM. YTIy0JIeHHBIN aHAJU3 BJIUSI-
HHSl HA aKKYMYJISITOPbI Pa3JIMYHbIX 3HAYEHHIl AMILTHTY/I ¥ JJIHTEJILHOCTE 3apsiIHBIX U Pa3psiIHBIX HMIYJIbCOB 1aeT BO3-
MOKHOCTb MPOJIUTH CPOK IKCILTYaTAlHH AKKYMYJISITOPHBIX GaTapeii.

Bubu. 14, puc. 4, gporo 3.

Knrouesvie cnosa — accumempuunsiii moK; UMRYIbCHBLIL MOK C 00PAMHBIM 8610POCOM; 3APA0 AKKYMYIAMOPHIX Oamapeii;
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Abstract—The problem of reducing the capacity of the battery during operation due to the appearance of a memory
effect or sulfatation (depending on the type of battery and charging method) is being examined. The advantages of charging
with an asymmetric current in comparison with a constant current is also being examined, based on the characteristics of
the change in the capacity of storage batteries obtained as a result of experimental studies.

Based on foreign and domestic(national) researches a new type of battery charger was developed. This charger allows
changing the charging and discharging method depending on battery type, battery condition and user requirements.

The research is aimed at studying battery batteries for a constant charge and an asymmetrical current (pulse with
a reverse ejection). Analyzing changes in capacitance, changes in voltages in the time of charge and in the time of discharge
of batteries.
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Further development of this topic can help to exceed the battery life cycle, which can directly affect the reduction of
environmental pollution and reduce the cost of batteries maintenance.

In the course of the experiment, characteristics such as capacity, charge current, voltage at the beginning of the charge
cycle, voltage after the charge cycle (without load with connected power), voltage at the beginning of the discharge cycle
(with load), voltage at the end of the discharge cycle (with load), and regression rate fixing were taken into account,
depending on the number of charging cycles and further comparison of battery charging methods.

The following graph shows changes in the capacity of the battery, depending on the charge cycle of the battery and the
charging method, and also clearly shows the advantage of the asymmetric charging method over a constant charging
method.

To show that changes in the experiment for one battery can be massive the Ni-Cd, SLA batteries were considered due to
their mass-production and the operational disadvantages.

The charger is equipped with a system that monitors voltages and currents; responds to changes in parameters over
time, works with different types of batteries and with varying degrees of battery health.

The charge voltage starts to drop when the battery is fully charged and the charging current is applied to it.

When the battery is fully charged, the charging power turns off and the load connects.

On Ni-Cd batteries 2000mA/h, which are susceptible to memory effect, experiments of cyclic charge by asymmetric
current and discharge on resistance were conducted.

In the pulse, the charge current was 1A, with the discharge cycle, the battery was discharged to a 1 Ohm resistor, that
gave an average discharge current of 1.2A.

For Ni-Cd, the load current starts from 2 * C, where C is the battery capacity.

In SLA batteries, the main problem is the reduction of capacity during plate sulfatation, experiments were performed
on charge and discharge with a constant and asymmetrical current, experiments were carried out on two batteries with
a nominal capacity of each 7 A/h. The charge was conducted by a constant current 1A, asymmetric with a charge pulse of
5A.

Discharge was performed using a resistive load of 15 Ohms on each of the batteries that gave an on average current
value of 0.8A.

For SLA-type batteries, the load current starts from 0.2C, where C is the capacity.

On the basis of these experiments the reduction of capacity were concluded in both cases. However, was found that
a decrease in the capacity of hermetically sealed lead-acid batteries occurs almost 2 times slower than when charged by
a direct current.

Ref. 14, fig. 4, photo 3.

Keywords — asymmetric current; a pulsed current with a reverse ejection; charge of batteries; charger; accumulator battery)
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