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JIHIPOBCHKHIA Jep>KaBHUM TeXHIUHUI yHiIBepcuTeT, M. Kam’sHChke

JOCHIIZKEHHA MIKPOKOHTPOJIEPHOT O 3APAJHOI'O ITPUCTPOIO
JJIs JIITIEBUX AKYMYJISATOPIB

Y pobomi npedcmasneno 0ocniodicenus MIKPOKOHMPOLEPHO20 3aPSOHO20 NPUCHPOIO NPAYIO-
t0uo2o Ha ocnogi CC-CV memody 3apady aimiesux akymyasmopis. Memoio danoi pobomu € excnepu-
Menmanvhe 00CI0NCEHHI MemOo0i8 3apady JIMIesUX aKyMyaIamopie nopmamueHoi ma eeiuxozabapu-
mHoi mexuiku. B pesynomami Oyno po3pobaeno ma niomeepodtceHo poOOmMOCNPOMONCHICMb CXeMu
sapsaonozo npucmpor ma anreopummy CC-CV 0ns weuokoeo 3apsady aimiesux axymyaamopis. Buko-
pucmanus memooy CC-CV 3apsady 003601uno 30iibuiumu 6UXiOHUlL Cmpym 3apsaoy, d makodiC 3MeH-
wumuy HeoOXiOHUll yac Onsl 8iOHOGAeHHs eHepeemuunux gracmueocmei AKD, npu womy xonusanms
cmpymy smenuyromoca na 96 %, 6 nopieHanHI 3i cxemamu AKi GUKOPUCMOBYIOMb MEmMOOU auuie noc-
mitinoi Hanpyau.

Knrouosi cnoea: nimicsi axymynamopui o6amapei; MOSFET; weuoxuil 3apso0;, wupomHo-
IMIYILCHA MOOYAAYISL, MIKPOKOHMPOLEPHE KEPYBAHHSL.

The paper presents a study of a microcontroller charger operating on the basis of the CC-CV
method of charging lithium batteries. The purpose of this work is an experimental study of methods of
charging lithium batteries of portable and large-sized equipment. As a result, the functionality of the
charger circuit and the CC-CV algorithm for fast charging of lithium batteries was developed and
confirmed. The use of the CC-CV charge method made it possible to increase the output current of the
charge, as well as reduce the time required to restore the energy properties of the battery, while cur-
rent fluctuations are reduced by 96 %, compared to schemes that use only constant voltage methods.

Keywords: lithium batteries;, MOSFET, fast charge, pulse width modulation; microcontroller
control.

IHocTanoBka nmpodaemMu

VY naHuii yac cepen JKepen KHUBJICHHS Pi3HOTO POAY TEXHIKH IIHUPOKOTr0 MOIIMPEHHS Ha0yIn
mitieBi akymynaropHi 6atapei (AKB). JlirieBi AKB Ha cyuacHomy erami [1] po3BHTKY 3aCTOCOBYIOTb-
csl SIK B BEIMKOrabapuTHil TexHilli (aBiaTexHiKa, BAHTKIBKU, aBTOMOOLII Ta iH.) TaK i B MOPTaTUBHUX
npuianax (0e3miyIoTHI JiTajubHi anapaTi, MOOUIbHI TenedoHy, irpamkn) [2]. BiaMiHHOIO 0cOOMUBICTIO
JITIEBUX aKyMYJIATOPIB €, BENHMKAa €MHICTh €JIEKTPOEHEprii, 1Mo 30epiraeTbCs NpPU MaIUX Maco-
rabapuTHUX TOKa3HWKax [2], 3 TaKUMH TepeBaraMyd SK Maluil CTYHiHb caMopo3psny (CTaHOBUTH
4—5 % 3a nepmmii Micsub BUKopHucTanHsA) [3]. BTpaTu eMHOCTI mix yac BUKOPHCTAHHSM JIITIEBHX
AKB B Tpu pasu meHwi [3], HIX y HiKeTb-KaaAMieBHX akyMylsiTopiB, sk npu 20 °C, Tak i npu 40 °C
[3]. Pecypc cyuacnux mitieBux AKbB cknagae 500—1000 uukmiB 3apsiny-po3psaay [4], mo iHoai Hemo-
CTaTHBO 332 YMOBH JIOBI'OCTPOKOBOT0 (Oinblie § roauH 3a 100y) BUKOPUCTAHHS, 1 TPU3BOJUTH A0 IIBHU-
axoro po3pamkeHHs AKDB [3] ta sMenmenHs nukitiB podotu B 2—3 pasu. Jlitiesi OaTapei MaioTh cTa-
OUIbHI MMOKa3HUKH POOOTH SIK MPH BHUCOKUX, TaK 1 MPH HU3BKUX Temreparypax. JlesKki 3 HUX MOXKHa
3apsypKati cTpyMoM sikuii fopiBHIoe emHOocTi AKB (MA) mpu temneparypax Big 0 mo 45 °C. Bins-
LICTH K€ JITiEBUX OaTapel mpu HU3BKHUX Temmeparypax — Big 5 °C 1 HUKYe — Kpallle 3apaKaTi
ManuM ctpyMmoM. [Ipu npoMy ciifg yHUKaTH 3apsay Ipy TeMIlepaTypi 3aMep3aHHs, TOAl Ha aHOJI BiJl-
OyBa€eThCs OCaPKEHHS METANeBOro JITito [5]. 30epertu KulbKicTh HUKIIB 3apsity-po3psaay JiTiEBHX
AKB MOXNHBO 3 BUKOPHCTAHHIM TAaKOTO METONY 3apsay, sIKuii OM 3a0e3neunB HalOUIbITy BUAKICTh
foro 3apsny, 30UIbIIEHHS KUTBKOCTI HUKIIB 3apsdy, Ta CTaOUIBHICTH CTPYMY 1 HAIpPYyTH 3apsimy [Ki
BH3HA4a0Th cTymiHb 3Hocy AKDB a0o ii Tepmin excrmyaTamii [4].
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[Ipu HasiBHOCTI BHILE3a3HAUYCHHX IMEPEBAr JITIEBI aKyMYJIATOPH MalOTh CIICHU(PIUYHUNA PEKUM
3apsny [2], AKuii MoJsrae B TOUYHOMY JOTPUMaHHI PEXHUMIB 3apsiikanHs nocTiiHuM ctpymoM (CC) ta
noctifiHoro Hanpyroto (CV), Tooro CC-CV meron [3], 1 Oyae 3abe3neuyBaty sk mBuakuii 3apsn AKB
Tak 1 30epexeHHs BIACTHBOCTEH HOCIS €Heprii TaKUX SK, BUCOKHI BUXIMHUI CTPpyM, IIUIBHICT CHEp-
rii, cTaOUIBHICTh BUXIIHUX MOKa3HUKIB. JIOTPUMAaHHS TaKOro pEKUMY 3apsUDKaHHs, MOTpedye moaa-
JBILIOTO JOCHTIHKEHHS 3apAJHOTO IPUCTPOIO, KU 3a0e3meuye TOTpUMaHHs BUILEBKAa3aHUX CIICHH(IK
IUIS 3apALY JIITIEBUX aKyMYJISITODIB.

DopMyJTHOBAHHS METH J0CTIIKEHHS

3apsiaHi IPUCTPOI JiTiEBUX OaTapei MpaiioloTh 32 MPUHIMIIOM OOMEXKEHHS HANPYry 3apsmiy.
Cepen 0co0nMMBOCTEN TaKoOro 3apsily BUAUISIOTH Taki mapameTpu [4] sk, 30iibmenHa B 3—4 pasu Ha-
npyra eJeMeHTa JiTieBoi OaTtapei, MeHIII JOMyCTHMI BiAXWIEHHIX HANpYTy 3apsny (JiHIHHICTh BOJIBT-
aMIIepHOI XapaKTEPUCTUKHN) 1 BiICYTHICTh HEOOXIAHOCTI KOMIIEHCAIIHHOTO 3apsiny (CTpyMEHeBOi Ii-
I3apsAKK) MICHS JAOCATHEHHS OaTapeelo cTaHy MOBHOTro 3apsay. Posrmsnemo cnenmdiky 3apsay Ha
MPUKIIai TOPTaTUBHUX JIITIEBUX aKyMyJISTOPIB 3 BUXIAHOIO Hampyroto 4,2 B, cienndika 3apsmy akux
(i 3 OLIBIIOIO BUXITHOIO HaNpyroo) moisrae y sukopuctanHi CC-CV merony, SKUH NPEACTaBICHO Ha
puc. 1 [2].
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Puc. 1. Huxn 3apsany nitieBux AKb

[porec 3apsny posrmsmaemux noptatuBHUX AKDB ckmamaerbes 3 Tphox eramiB [4]. [eprimii
eran (puc. 1) — 1e Komu aKyMyJsITOp HOBHICTIO PO3PSKEHUH (KpallelbHa 3apsijka), BeNWYuHa Ha-
npyru cranoButs MeHie 2,7 B [3]. [Ipu npomy BxinHa Hampyra 3apsgy Mae MepeBHIYBaTH MOTOYHE
3HaueHHs Ha 60 MB. [Ipyruii eran, 3apsmaKaHHs NOCTIMHUM cTpyMoM (puc. 1), SIKIIO Hampyra Ha aKy-
myssitopi Butie 2,7 B [5]. I Tperiit eran (puc. 1), e mo3apsiaka mocTiiHOIO HAPYyrolo, sKa CTAHOBHUTh
4,2 B, a ctpy™m mocTynoBo najaae a0 Hyid. [lpu npomy B mpomeci 3apspKaHHs KOHTPOIIOETHCS BENH-
YMHA CTPYMY Ta Hampyru. SKio B mpoiieci poOOTH crioXMBaya €HEeprii, Hanmpyra Ha aKkyMyJIATopi Bra-
ne 10 4,1 B, BMUKa€eTbCs peKUM 3apsiy TOCTIHHIUM CTPYMOM, TOOTO — MaKCUMallbHO MOMJIUBHUM [5].

B mponeci mochimxenns Oymno npoBeneHo 3apsa JaiTieBoi AKB 3 MakcuManbHOIO BUXiTHOIO
Hanpyroio 10 4,2 B, i MOXIIMBICTIO IIBUIKOTO 3apsiay Harpyroo 1o 15B npu ctpymi — 3,0 A [6]. Ha
pHcC. 2 mpeacTaBieHi 3aJIKHOCTI CTpyMy 1 Hampyru 3apsny JitieBoro AKbB B 3ajnexHOCTi Big vacy, 3
BUKOpHUCTaHHAM OnoKy >kuBiieHHs B pexumi CC-CV. 3 rpadiki (puc. 2) BUIHO, IO BUKOPUCTAHHS
TaKoro crocoOy 3apsay € HeepektuBHUM s JiTieBux AKD, amke ctpyM B mportieci 3apsity Mae Ko-
JIMBAHHS 3Ha4eHb B aianasoni 0,5 B, mo HeratuBHO BrutMBae Ha noganbiry pooory AKB.

Ha ocHOBi BHILEBHKIAACHOT'0 MaTepially, METOI0 AaHOI pOOOTH € NOCHiIKEHHS 3apsaHOTrO
MPHUCTPOIO AJIS JITIEBUX HAKOMUYYBAYiB €HEPTii MOPTATUBHUX MIPUCTPOIB, 3 BUXIAHOIO HAMIPYTOIO Bif 3
1o 12 B, i3 3a0e3nedeHHs M MiHIMaJIbHOTO KouBaHHs cTpyMy 3apsiay AKDB, B pexumi CC-CV.
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Puc. 2. Xapaxrepuctuku Hanpyru i ctpymy AKD B 3anexxHocTi Big yacy 3apsiny, B IpHCKope-
HOMY PEeXHMI

BukJsiax ocHoBHOTO MaTepiaiay

[IpencraBnennii Ha puc.3 aaropuTM CKJIAaJeHO Ha OCHOBI LUKIY 3apany JitieBux AKDB
(puc. 1), i peanizye 3apsia aKyMyJIITOPiB B PEXKHMI «IIOCTIHHUI cTpyM — mocTiiiHa Hampyra» (CC-
CV), no akoro goaano pexxuM «MiHiMansHui crpym» (TC — Tiny Current), sIKHif BAKOPUCTOBY€E Ma-
T CTpyM, 1100 3aMyCTUTH aKyMYJISATOpP 1 BITHOBUTH HOTO pOOOTO CIIPOMOXKHICTh, SIKIIO BiH OYB MO-
BHICTIO PO3PSIKECHUIA.

Ha novatky poGoTu anroputmy poOOTH 3apsiIHOrO IpUCTporo B Oiomi 1 (puc. 3) BU3HAYAETH-
csl TeMIlepaTtypa, sSika MOBHHHA BiAMOBIAATH OOXiAHOMY TEMIIEPaTypHOMY PEKHUMY 1 SIKIIO BOHA MpPHU-
JaTHA, TOII BU3HA4YaeThCs Hampyra Ha BuximHux kinemax AKDB. fAkmo temmepatypa HenpupathHa, 311
MepexoIuTh B pexxuM odikyBaHHA (Ook 2). Hani iiae 6ok 3 — nopiBHsAHHS moTo4HOl HAPYTU (Usar)
3 JaHMMH 11010 HWKHBOI rpanndHoi HanpyrH (Urp) B mam’saTi MikpokoHTposepa (MK), 3Hauenns skoi
MOBHUHHE OyTH HIDKYE MOTOYHOI AJISl TOYATKY IIBUAKOTO 3apsAy NOCTIHHUM cTpyMoM. Ane Ko Ugar
Oyne nopisHioBaTtu Uy (670K 5), 6yze 3anisuuil pexum TC (610k 6). Ilpu nocsaruensi Hanpyrd Ugar
Buie Uy, BkIrodaeTses pexum CC (6110k 7), ToOTO 3aps/] NOCTIHHAM CTPYMOM.

Pexum CC BuMarae migTpuMaHHS MOCTIHHOTO 3apsinHoro ctpymy B mexax 0,8 C — 1 C, ne
C — HOMIHaJbHA €MHICTD, SIKa BU3HAYAETHCA 32 (OPMYJIOI0 1 € TOOYTKOM BETMYUHH IOCTIHHOTO
CTPYMY PO3pALY aKyMyJISITOpa Ha Yac po3psmy:

C[A *200.] =1[A] x T [200.]

[Tpu 3navyenni Hanpyru AKBb 80—85 % Bin HominanbHOi, 31 mepexonuTs B pexuM 3apsiny
CV (6710k 10). B Takomy crani HeoOXiAHO MiATPUMYBATH MOCTIHHY BXiOHY Hampyry, Tak mod CTpyM
311 3menmryBaBcs. Konu miniManbHuil crpym 3apsany crane meHmuM 0,03 C, Tobto 3 % Bin makcuma-
JBHOTO CTpyMY po3psny, 311 nmpunuHse cBolo poOOTY Ta BUBOIUTH iH(OpPMALIIO PO 3aBEpPIICHHS 3a-
psny, 4ac, MOKa3HUKU €MHOCTI 1 Harpyru (6soku 11 Ta 12).

Jns IMITaliifHOrO MOJENIOBaHHS POOOTH 3apsAHOTO MPHCTPOIO Ta HaJIaroKEHHs Mporpamu
MK, 6yno cknasieHo eIeKTpUYHY NPHHIMIIOBY cxeMy B cepenoBuili ISIS Proteus (puc. 4). s nepesi-
pku naHoi cxemu 10 Mojeni BrmroueHo MK STM32F103, 3a momomMororo sSkoro mpoBOAUTHECS (hopmy-
BanHs LM curnamy, gacrora sikoro aopiBaroe 62 xI'1y [6]. [lani BUMIPIOEThCS CTPYM Ha BUXOI, 3 3a-
nanHsM ckBakHOCTi [1IIM curnany B Mexxax 50 %. 3a moka3HHKaMy Ha BUXOJ1 OMEPAIiiHOTO MiICHITIO-
Baua (puc. 4, U3B) B pexxuMi BUMIpIOBaHHS CTPyMY, MOXKHa BH3HA4UnNTH cTpyM B Koimi AKB amnepmerpa.
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Puc. 3. Anroputm pobotu 3apsitHoro npuctporo B pexxumi CC-CV

B nanomy nociimkeHHi Ui BUMIpIOBaHHS HAIIPYTH 3apsily BUKOPUCTOBYETHCS MEPETBOPIOBAY
Hanpyru (puc. 4, U3C ) 3 BUKOpUCTaHHAM onepaniiaux migcumosadis (OIl), s orpuMaHHs 1ocTat-
HBO mMpoKoro Aianazony 3Hauensb s AL MK Bix ayns no VCC (8ix 0 B go 3.3 B), mo6 Buxopuc-
TOBYBaTH BCi po3psinu BHyTpimHBOro AIILl. MozaentoBaHHS poOOTH OiTbHUKA HANIPYTH MPOBOAUTHCS
B PEXHMI PEabHOTO Yacy 3 BUKOPUCTAaHHSM BOYIOBaHMX IHCTPYMEHTIB CEpEAOBHUINA, 1 3HIMAIOTHCS
MOKa3HUKH BXiTHOI 1 BUXITHOT HAPYTH CXEMH, 100 MPOCIiAKYBATH iX 3aJ1€KHICTh OIHY BiJ OTHOI.

3a pe3ynbTaTaMH MOJCIIOBAHHS PO3POOJIEHOI CXEMH Ta alrOpPUTMY MOXHA 3pOOUTH BHCHO-
BOK, 110 JJaHa cxeMa 3a0e3nevuye BUKOHAHHS HEOOXITHUX PEeKHUMIB POOOTH TOCTIHKYBAHOTO 3apsJHO-
ro IPUCTPOIO 1 MpUAaTHa AJs mojanbioi peamizanii. Kepyrounm enementom 3I1 obpano 32 OitHuit
MK cepii STM32F103CS8, po3ramoBanuii Ha matdopmi BluePill — mnaTa po3poOku 11 MiKpOKOHT-
ponepa ARM Cortex M3. Crabinpauii pexxum podoru MK 3abesnedyeTscst ABOMa KpHCTATIYHUMU
ocuusTopamMu 8 Mri ta 32768 ', 1 BUKOpHUCTOBYIOUM BOyzmoBaHWN MOMHOXYBad yactotn MK 3a-
Oesneuye MiATPUMKY poOOd0i YaCTOTH sKa opiBHIOE 72 MII.
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Jns kepyBaHHA MPOLECOM 3apsily CXeMH 3apsiiHOro mnpuctporo Oyino obpano MOII
(MOSFET) Tpanszucrop IRF4905, sxuii € p-kaHadbHUM 1 IpU3HAYEHUH A1 pOOOTH B PEryisITOpax
notyxHocti. OcHOBHI napameTpu i xapakrepuctuku IRF4905: makcuManbHa po3citoBaHa MOTYXHICTh
(Pd) — 150 Br; rpanmuno momyctuma Hampyra cTik-BuUTOK (Uc-B) — 55 B; makcumamnbHa 3aTBOp-
Butok (U3-B) ckmagae 10 B; MmakcumanbHO nomycTUMHM cTpyMm BHTOKY (IB) — 64 A; MakcumaibHa
TemnepaTtypa kaHaiy carae 150 °C [9].

Ha puc. 5 npuBeneHa 3aranpHa eJIeKTpUYHA MPUHIHIIOBA CXEMa JOCTIHKYBAHOTO MPHCTPOIO
3apsny nitieBux AKDB, cknanena Ha ocHOBI anamisy anroputmiB podoru 311 ta nmporpamu MK, ski pe-
ami3yloTh mpouec 3apsny 3a npuHuunoMm msuiakoro CC-CV 3apsmy, TOOTO cIOYaTKy MOCTIHHHM
CTPYMOM, 3 MiABUIIECHHIM HANPYTH, a TOTIM NOCTIHHOIO HAMIPYTOIO 31 3MEHIICHHSIM CTPYMY 3apsay 10
MiHIMaJbHOTO.
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Puc. 5. 3aranpna npuanunosa cxema 3I1 mitieBux AKB

Hana cxema (puc. 5) cKilagaeThest 3 MOAYyJiB kepyBaHHs 3apsgom (MK STM32F103) [11], ke-
pyBanHs Hanpyromwo (tpan3uctop IRF4905) [12], kepyBanus ctpymom (tpansuctop IRFz44), kona ko-
HTPOJISl HU3bKOI Hampyru Ta ctpymy 3apsiny (OIT LM324 - DA1), Koo KOHTPOJIIO BUCOKOTO CTPYMY
zapsny (OI1 LM324 - DA2) ta po3psay (OI1 LM324 - DA3).

[IpakTnuna peanizalist IpUcTpoIo 3apsiay nepesapsmKyBanux mitieBux AKB Bukonana y Bu-
TISA1 MakeTy MPOTOTHITY MpHCTporo. Ha puc. 6 mpuBeaeHO XapaKTEpUCTHKH CTPYMY Ta HAOpyru B
niporieci 3apsny mitieBoro AKB tumy Samsung INR18650 [10], ski miaTBepKyIOTh MPaBHIEHICTh
00paHOro aaropuTMy poOOTH 3apSIHOTO MPHUCTPOIO JITIEBUX aKyMYJISITOPiB, HA OCHOBI EKCIIEPHMEH-
TaJIbHO OTPUMAaHUX BUXIAHUX Xapakrepuctuk U(?) Ta I(t).

BucHoBkn

VY X0l eKCIIepUMEHTaIbHOTO JOCTIKEHHS OyJ0 MiATBEPIKEHO POOOTOCIPOMOKHICTh PO3-
pOOJIEHOT CXeMH Ta alrOpUTMy POOOTH 3apsiIHOTO MPHUCTPOIO JITIEBUX aKyMyJSATOpiB. BuxigHuit
ctpyM, it BukopucropyBanoro AKb (Samsung INR18650), B pexxumi mBuakoro 3apagy ckiagae 1,2
A 1 niniiiHO cnagae 1o 1,1 A, Ipu YoMy KOJNMBaHHS CTPYMY 3MEHIIYIOThCS Ha 96 %, B MOPIBHSHHI 3
CTPYMOM Ha pHC. 2 JaHOTO TOCITIIKEHHSI.
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1.A UB Hanpyra i crpyy 2apaay AKB
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Puc. 6. ExcriepumenTanbHi xapakrepuctuku U(t) 11(t)
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RESEARCH OF A MICROCONTROLLER CHARGER FOR LITHIUM BATTERIES
Zagrebayev M., Zvonetskiy M., Marchenko S., Syanov O.

Abstract

Lithium battery chargers work on the principle of limiting the charge voltage. Among the fea-
tures of such a charge, the following parameters are distinguished, such as a 3—4 times increase in the
voltage of the lithium battery cell, smaller allowable deviations of the charge voltage (linearity of the
current-voltage characteristic) and the absence of the need for a compensatory charge (jet recharging)
after the battery reaches a state of full charge . Let's consider the specifics of the charge on the exam-
ple of portable lithium batteries with an output voltage of 4.2 V, the specifics of the charge of which
(and with a higher output voltage) consists in the use of the CC-CV method.

To simulate the operation of the charger and debug the MK program, an electrical schematic
diagram was compiled in the ISIS Proteus environment. To test this circuit, the model includes an
STM32F103 MC, which is used to generate a PWM signal whose frequency is 62 kHz. Next, the out-
put current is measured, with a setting of the PWM signal strength within 50 %. According to the indi-
cators at the output of the operational amplifier in the current measurement mode, it is possible to de-
termine the current in the ammeter battery circuit.

Based on the simulation results of the developed scheme and algorithm, it can be concluded
that this scheme ensures the fulfillment of the necessary modes of operation of the investigated charg-
ing device and is suitable for further implementation. A 32-bit MC of the STM32F103C8 series, lo-
cated on the BluePill platform — a development board for the ARM Cortex M3 microcontroller, was
selected as the control element of the control unit. The stable operating mode of the MK is ensured by
two crystal oscillators of 8 MHz and 32768 Hz, and using the built-in frequency multiplier, the MK
provides support for the operating frequency equal to 72 MHz.

As a result, the functionality of the charger circuit and the SS-CV algorithm for fast charging
of lithium batteries was developed and confirmed. The use of the CC-CV charge method made it poss-
ible to increase the output current of the charge, as well as reduce the time required to restore the ener-
gy properties of the battery, while current fluctuations are reduced by 96 %, compared to schemes that
use only constant voltage methods.
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