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HauioHaneHuii TeXHIYHUH yHIBEpCUTET Y KpaiHu

"KuiBcbkuil mositexHiqnuii incTutyT iMeHi Iropst Cikopebkoro" ROR 00synSv21
KuiB, Ykpaina

Anomauia—Yy cTaTTi HABeJeHO METOAUKY BPAaXyBaHHS 3aJI€5KHOCTI KIJILKOCTI aKyMy/IATOPHUX OaTapeii, 110 MPU3HA-
YeHi 1J11 0aJaHCyBaHHS eHeprii y cucTemMax po3ocepea:KeHol reHepauii 3 BiTporenepaTopamu, Bil NOXMOKH NPOTrHO3yBAHHSA
napaMeTpiB BiTPOBOro NOTOKy (IIBHAKOCTI BiTPy) Ta TeMIepaTypHu HABKOJMIIHLOIO cepeaoBrma. JIjis onucy cniBBigHO-
IIEHHS Mi’K PO3PAJHUM CTPYMOM i €EMHICTIO Y 32JaHOMY Jialla30Hi po3pAAHHUX CTPYMiB Bukopuctano gopmy.y Ileiikepra.
IIpoBeaeno pospaxyHok 3aje:xkHocTi koedinienra IleiikepTra 111 CBHHIEBO-KHCJIOTHOI aKyMyJsiTOpHOI OaTtapei HZB12-
180FA. HaBeneHO 3aJIeXKHICTh 30HM KepOBaHOI pPO0OTH aKyMyJfTOPa Bii MOXMOKH NPOrHO3YBAHHSI HIBUAKOCTI BiTpy.
IHoGynoBaHo ciMeiicTBO KPMBHX 32J1€:KHOCTI KIILKOCTI aKyMY/IATOPHHUX 0aTapeii cucTeMu 0ajlaHCYyBaHHA Bill TeMnepaTypu
HABKOJIMIIHbOI'0 cepeloBHIIA TA MOXUOKHY NPOrHO3yBaHHS WIBUAKOCTI BiTpy. [loka3aHo, 110 3i 30iJ1b1IeHHAM NOXUOKHU NPO-
THO3YBaHHsI IIBHAKOCTI BiTPy 3 0 10 15% Ta 3Hm:keHHi TemnepaTypu 3 20°C g0 -20°C kinbkicTh aKyMyJISTOPHUX OaTapeii
Mae 0yTu 30inb1mena npudausHo y 2,81 pasu.

Kniouogi cnosa — axymynamopni 6amapei; popmyna Ileiikepma; npozno3yeanHs; 30na Kepoeanoi pobomu axymynamopa.

L Bcrvno BUMIpPIOBaHHs IIBUKOCTI BITpY Ta TeMIEpaTypu HaBKO-

VY cucremi OanaHCyBaHHS €HEpTii CHCTEM po3ocepe-
JoxeHoi reHepanii 3 BJIE (BigHOBIIIOBaHUMHE JDKEpETaMU
eHeprii), 30KpeMa 3 BiTporeHepaTopamH, ec(eKTHBHE
BHKOPHUCTAHHS aKyMYJIATOPHOI Oarapei cucteMu OaniaH-
CYBaHHS 3aJIe)KUTh BiJ| PSKUMIB 3apsay-po3psiay, sKi
peani3yroThes y mporieci ekcrutyararntii [1]. s epexrn-
BHOTO BHKODHMCTAaHHS y CHCTeMi OanaHCyBaHHS e€Heprii
aKyMyJISITOpHa OaTapesi Ma€ 3HaXOJUTHUCS Y CTaHi Kepo-
BaHOCTI, CIIOCTEPEIKYBaHOCTI Ta iAeHTU(iKOBaHOCTI [2-3],
mo  3a0e3medyyeTscsl — aTYMKaMud  cTpymy  (A),
HanpyrH (B) ta emHOCTI (A'TOH) 1 BIAMIOBITHUMH 3B’5I3-
KaMH cucTeMd. PO3IIMpEeHHsT 30HU KepoBaHoi poOoTH
3a0e3neuyeThesl 3MEHIICHHSIM TPHUBAJIOCTI MOBHOTO PO3-
psny/3apsay Oarapei. [Ipu 3HaxomkeHHi OaTapei B mpo-
MDKHOMY CTaHI MOXIIMBO KepyBaTH OallaHCOM eHepril
B TpaHUYHHX pekuMax. Ockimeku ans HeBennkux BJIE
BUKOPHCTOBYIOTHCS CBUHIIEBO-KUCIIOTHI aKyMYyJISITOPHI
Garapei, y 3B’S3Ky 3 HH3BKOIO I[IHOIO Ta IPOCTOTOIO
o0ciyroByBaHHs [4], TO JOIIBHO OL[IHUTH EHEPTIIo, KA
MoXxe OyTH BUTpadeHa Ha 3apsi aKyMyJIsITOpHOI Oarapei
y cucremi nporuo3Horo kepyBaHHs BJIE 3 meToro pos-
MIUPEHH 30HH KepoBaHOi poboru. Tomy akTyambHUM
€ 3aBJaHHs BHOOpPY eMHOCTI OaTtapei abo KIJIBKOCTI aKy-
MYJSTOpPHUX OaTapei, mo 3a0e3NeunTh 3alaHui giama-
30H KepyBaHHs (30HY KEPOBaHOI poOOTH), Y 3aJICKHOCTI
BiJl XapaKTepUCTHK aKyMyJATOpHOI Oarapei i TOYHOCTI

JIMIIHBOT'O CEPEIOBUIIA.

II.  ®oPMVIIA ITEMKEPTA

BpaxyBanHIO 3aiexHOCTi €MHOCTI ©Oatapei Bin
CTPYMY PO3PSITY TIPUCBSIIEHI POOOTH, IO OMUCAHI eMITi-
PUYHHMMHU CIIBBIIHONMIECHHAMH: 3aKoH [leiikepra [5], piB-
wsHHs JlibeHoBa [6], piBassHHS Aryda [7]; BpaxyBaHHIO
3MIHHM Halpyry Ha KJIeMax akyMyJsiTopHoi Oartapei mpu
PO3pAIl MOCTIHHUM CTPYMOM IPUCBSYEHI HACTYNHI eM-
nipu4Hi 3anexHocti: piBHsHHSA Koposina-Ckynuina [8],
piBHsHHA XackiHoi-/lanwmienko [9], piBasuus lledepna
[10], piBasHEsS PomanoBa [11], [12], iHTerpanm iMmoBipHO-
creii [13-14], piBHAHHSA 3aJ€KHOCTI EMHOCTI Bill CTpyMy
PO3psAy MO TIHOWHI MOpHCTOro enekrpoxy [15-18] ta
iHII. Yce mepepaxoBaHe BUIIIE MOXKe OyTH BUKOPHCTaHO
y IUISIX BUPIIIEHHS MOCTABICHOI 3ajayi, NMpH LBOMY
3akoH IlelikepTa € OCHOBHUM.

B. Ileiikeptom B 1897 porii npencrasieHa Gopmyiia
3aJISKHOCTI €MHOCTI BiJI CTPYMY PO3pSAy Y CBHHIIEBO-
KHCJIOTHHX aKkyMmyisTopax. 3akoH Ileiikepra ommcye
CHIBBIIHOIICHHS MK PO3PSIHAM CTPYMOM (HOpPMOBa-
HUM JI0 ICAKOTO HOMIHAJIBHOTO CTPYMY) 1 EMHICTIO (HOP-
MOBAHOIO JI0 JeSKOr0 HOMiHAJIBFHOTO 3HA4YCHH:) Y 3aja-
HOMY Jiana3oHi po3psaHux cTpyMiB [19]:
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EnexTpoHHi cucTeMu Ta CUTHAIU

ne Cp — emuictsb Ilelikepra, & — koHcraHTa Ilelikepra
(k=12..1,7), i —cTpy™m po3psmy, { —4ac po3psmry.

€muictp Ilelikepra Cj; Ta €MHICTh aKyMyJISTOPHOL

Gatapei C mpu 3agaHOMy dHaci po3psiy ! IIOB’s3aHi
3aJIeKHICTIO:

n _Cn

t C

1€ t;7 —dac pospsay, o Bifnosifgae emuocti Cpy.

3araibHUN BUIISLT 3aJICKHOCTI €MHOCTI OaTtapei Bif
PO3PSITHOTO CTPYMY 1 JIIs1 CBUHIIEBO-KHCIIOTHOTO aKyMYy-
JIATOpa Nokas3aHuil Ha puc.1 [20].

Komcranta (koedimient) Ileiikepra po3paxoByeThCs
3a (hopMyJIOI0:

t
k=logg 1, = (1)

Jge C; 1 C, — BEIUYUHU €MHOCTI, Ha SIKi 3MEHIIYEThCA

BUXIi/IHa EMHICTb 3a 4ac po3psay # 1 ¢, BIINOBIJHO.

3HayeHHsT KOHCTAHTH Mac€ IOCTIHHE 3HAYEHHS IS
onHi€i 1 Ti€l x akyMynsTopHOi OaTtapei 1 3aJeXHUTh HE
TUTBKH BiJl THITY aKyMYJISITOPa, ajie i BiJ HOro KOHCTPYK-
i1 Ta 3MIHIOETHCS MIPH CTapiHHI Oartapei.

3akoH IlelikepTa Mae 0OMEKEHHS, cepe IKUX:

1) ockinbku 3akoH [leiikepra OyB po3poOieHnit 1st
CBUHIIEBO-KUCJIOTHUX aKyMyJIATOpiB, a JITii-
ioHHI 6aTapei MalOTh TEHACHIIIIO 10 CAMOHArpiBy
MiJ] 9ac MBHIKOTO 3apsiay, 1, 3TITHO 3 PIBHSAHHAM
HepHucra [21], Hanpyra Gartapei Oyze 30u1bI1yBa-
THCS 31 301TBIIEHHAM TEMIIEpaTypH, TO JNiTiH-
ioHHA OaTapest MOXKe MaTH MPHOIM3HO OJTHAKOBY
€MHICT MIPU pO3pATHUX cTpyMax 5 A Ta 50 A,
10 POOUTH HEMOXKIIMBUM BHKOPHUCTAHHS 3aKOHY
[lefikepTa B iioro MOYaTKOBOMY BHTJIANL; JKe-
peno [22] HaBomuTh 3aK0H [leiikepTa I HiKeb-
KaaMieBHUX Oatapeil. ToMy Hajai po3risaacTbes
3aCTOCYBaHHS JUI1 CBHHIICBO-KHCIOTHHX OaTa-
pei;

2) WBHAKICTH CAMOPO3PSLY HE BPaXOBYETHCS;

C.%

100 1
80 1

60 1
40 1
20

Puc. 1. 3aranpHuil BUIIIAA 3aJI©KHOCTI €MHOCTI Gatapei y BificoTKax
BITHOCHO MaKCHUMAJILHOT BiJl pO3psaHOTO cTpymy [20]

3) BIUIMB TeMIlepaTypu Ha OaTapero HE BPaxXOBY-
€TBCS, TOMY B TOJAJBIIOMY OyJe BpaxOBaHHMA
OKpEMO;

4) Bik Oarapei He BpaxOBY€ThCS, OJHAK CIIiJT 3ayBa-
KUTH, 0 KoedimieHT Ilelikepra 301IbITY€ETHCS
3 BiKOM OaTapei;

5) BpaxyBaHHS KOHCTPYKTHBHUX BJACTHBOCTEH
aKyMYJISITOPIiB 30CEPEKYEThCS y ENMHOMY TTapa-
MeTpi — KoHCTaHTi IlefikepTa, sKa HE € KOHCTaH-
TOIO JUTS PI3HUX aKyMYJISITOPIB 1 pO3paxoBy€eThCs
OKpEMO JUIsl KOYKHOTO THITY aKyMYJISATOPIB.

III. BPAXYBAHHS BIUIUBY I'JIMBUHU PO3PSITY

AxyMynsTopHi Oatapei 3arajJbHOTO NPU3HAYEHHS HE
PEKOMEHAYEThC po3psmkaTi rimbme 45%, riamboko-
pospsimHi Oatapei rimmbme 75% [23]. Ha puc. 2 [24]
HaBEJICHO 3MiHY TepMiHYy CIy>KOM aKyMyJISITOpPHOI Oarta-
pel y 3alIeKHOCTI BiJ IUKIIB 3apsay-po3psany. [Ipu 306i-
JBIIEHH] TTMOWHU PO3PAAY KUIBKICTH HHKIIB CYTTEBO
3MEHIIYETHCS, 110 BIUIMBAE HA BEJINYMHY KOe(ilieHTY
[TeiikepTa.

BrumB rimOuHYM 3apsiay-po3psay Ha €eMHICTh Oatapei
Ta YHUCIIO 11 IUKITIB, & TAKOXK KPUBA PO3PSIAHOTO CTPYMY
HABOIIThCS BUPOOHUKOM, Hampukian [25]. Tumosi aky-
MYJSTOpHI OaTtapei peKOMEHIYEThCS PO3PAMKATH IOC-
TIHHUM CTPYMOM OJHOTO piBHA. [IpH BincyTHOCTI iH(pOp-
Maii, HajgaHoi BUPOOHHMKOM, PIBEHb PEKOMEHIYETHCS
BUOUPATH NPOTIOPLIHHUM CTPYMY 3apsiy.

3 BpaxyBaHHSAM TIIHOWHU 3apsAy, KUTBKICTh aKyMYJIsi-
TOpHUX Oatapeil Moke OyTH BHpaxyBaHa HACTYITHHM

yuHOM [26]:
t it
nzk/—- — |, 2
D-t \C, @

Jie n — KUIbKICTh Oarapei, mo 3abe3nedye poboTy npu
TPUBAJIOCTI ¢ Ta CTPyMy i 3 INIMOMHOIO po3psxy D mpu
yMOBI, 0 Oarapes Oyna 3apsypkeHa 10 100% emuocCTi
onniel akymynaropHoi 6atapei C, npu Yaci IOBHOIO
po3psmy Garapei T.

KinbKicTh IUKITIB pO3PSAy Ma€ BIUIUB HA EMHICTB, IO
BIINIOBiIa€ yacy pospsay # 1t .

120
100 \
80

100% 50%

30% TmidmHa pospamy

E€MHICTE (%)

0 200 400 00 &00 ooo 1200 1400

UHCIO ITHKTB

Puc. 2. 3a1eXHICTh EMHOCTI aKyMyJIATOpHOI GaTapel BiJ TepMiHy CIIy-
JKOU B IIUKJIAX 3apsaay-po3psny [24]
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IV. BPAXYBAHHS BIUIUBY TEMIIEPATYPU

Bpaxyemo 3anexHICTh €MHOCTI aKyMyJsaTopa Bil
TeMIIepaTypu:

Cpp (1) =) 1, 3)
ne T — temneparypa HaBKOJIMITHLOTO CePEIOBHUIIIA.

[Mpu npomy i emuicts [lefikepra, i koedinient [eiike-
pTa 3amexaTh Bill TEMIIEPaTypH, OCKUIBKH KOe(iIlieHT
[eiikepra 3a1€KHUTh BiJ BENUYUHH, HA SIKY 3MEHILYETHCS
BHUXIJHA EMHICTb:

t
KD =loggry 1, )
n Cy1) !

Toni KiMBKiCTE aKyMyJIAITOPHHUX OaTapeii:

4T)z“?/%{%} )

Jis mpuknany oOepeMo akyMyJsITOpHY Oarapero
cepii HZB12-180FA Bupobnmka HAZE Battery
Campany Ltd [27].

VY pobotax [28-30] BpaxyBaHHs TeMIepaTypH Bin0y-
BAE€THCSI HA OCHOBI eMITipHYHUX 3ajexHocTer. Ha puc. 3
[27] HaBeneHO ciMEHCTBO eMITipUIHHUX TpadikiB 3aex-
HOCTI TeMIIepaTypa-eMHICTh B 3aJIS)KHOCTI BiJl CTpyMy
po3psay AN 337]aH01 aKyMyJIITOpHOT OaTapei.

Jlist mojanbIiux po3paxyHKIB HEOOXITHO HMPOBECTH
AMPOKCUMAIIIF0 eMITIPHYHOI 3aJIeKHOCTI (pHc. 3). ATIpOK-
CHMaIlisl TPOBOANTHCS TOJIIHOMaMHu 3-ro nopsaky. ['pa-
¢bi4HI pe3ynbTaTH anpOKCUMAaIii HaBeIeHi Ha puc. 4.

3a1ekKHICTh €MHOCTI BiJl TeMIICPATypH

%
2
\
\
\

EMHICTS .
\
\

Temmnepatypa, °C

Puc. 3. I'padiki 3aeKHOCTI €MHOCTI BiZ TEMIIEpPAaTypH IPH Pi3HUX
CTpyMax po3psify akyMynsTopHoi 6atapei HZB12-180FA [27]

3 C/100, %

Puc. 4. AlpokcHMOBaHi eMIIPUYHI 3aIEKHOCTI 3 pHC. 3

AHaJITHYHI BUPa3H allpOKCUMAIlii MalOTh HACTYITHUH
BUTIIS;

Cl ()= C/

(e o,osc)-(-o,07-10‘6 T3
~80,1:10°0 72 +8,7:107 -7 +0,86),
Co(T) = C (i =0,1C)-(0,67:107 .77 -
~115-107°.7% +8.107 -T+0,78),
C5(T) = C (=1C)-(0,4:107 .73 -
~136,8-1070.721+8,6-1073 -T+0,48),
Cy(T) = Gy, (1 =2C)+(0,07-107° 7% -
126,310 .72 46,2.1073 -T+0,35),

ne C,,, — HOMiHalbHA €EMHICTh NPH JIEIKOMY MOCTiMi-
HOMY CTpyMi po3psiy i Ta remmepatypi 20°C .

Jist po3paxyHky koedinienta [lefikepra 3 BpaxyBaH-
HaM 3anexxHocreit C(7) , BuOepeMo HACTyINHI BHUXIiAHI
gani (npu temneparypi 7 =20°C 3a uyac pospsny
€MHICTh aKyMYJIITOPHOI OaTapei 3MEHIIyEThCS Ha 3Ha-

yenns C; mpum ctpymi i ) 4 =0,5200 ,
C1=9894-200 , 1§ =1984=2C , t,=10200 |,
Cy =1794-200 , 1§ =17,94=0,1C , wmiHiManbHa

Hanpyra npu npomy pisHa U, =1,85B, MmakcumanbpHa
€MHICTb, Ky MO)Ha Bifiopat, — Ci, =2024-200 .

Jani pospaxyHky xoediumienra Ileiikepra HaBeneHi
y Tabn. 1, a rpadik 3anexxnocTti koedimienra [efikepra —
Ha puc. 5.

TABIULS 1 KOEDIIEHT TTEAKEPTA

Temnepa- | —20°C | =7°C | 0°C 5°C 10°C
typa T

k(T) 2,54 1,96 1,87 1,84 1,81
Temmepa- | 15°C 20°C | 25°C | 30°C | 40°C
typa 1

k(T) 1,80 1,80 1,79 1,80 1,80

T, °C
=25 =20 -15 -10 -5 5 10 15 20 25 30 35 40 45

Puc. 5. I'pacdix 3anexxnocti koediunienta IleiikepTa Bixg Temmnepatypu

®
@A Copyright (c) 2021 Spemenko M. K., Knen K. C., XKyiikos B. 1.

3a marepianamu koHgepenuii STEE-2021

SYCLET W CSHy-¢T6T/SeS0C 01 - 10d


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20535/2523-4455.mea.237245

DOI: 10.20535/2523-4455.mea.237245

237245-4

EnexTpoHHi cucTeMu Ta CUTHAIU

TakuMm 4MHOM, BpaxyBaHHSI TEMIIEPATypH 33 EMITiPH-
YHUMHU 3aJeKHOCTSIMH JIO3BOJISIE TOYHINIE PO3PaXOBY-
BaTu 3Ha4eHHs Koedirienty Ileikepra.

V. BPAXVYBAHHS BIUIUBY IHOXUBEKU BUMIPIOBAHHS

[MoTy>XHICTh Ha BUXO/Ii BITPOT€HEPATOPA OMICYETHCS
HACTYITHOIO 3aJIeKHICTIO BiJl MIBUAKOCTI BiTpy [31]:

1
P:Ecp-p.A-v3, (6)

JIe v — MBHUIKICT BITPY, p — IIUIBHICTH MOBiTps, C -

. . nd? .
Koe(illieHT BUKOPHCTaHHS BIiTPY, A = d — nia-

MeTp BiTpokojeca. Hampukian, myis BiTporeHepartopa
CB-3,1 [32], 3a ymM0BH, 110 MiTIBHICTE TOBITPA p = 1,25,

a xoeiuieHT Bukopucrants Bitpy C, =0,5, noryx-
HICTh Ha BUXOJI JopiBHIOE P = 3,77 3.

s omiHKM piBHS eHeprii I 3apsAay/po3psiLy HaKo-
MUYyBada HeOOXiTHO pO3paxyBaTH BEIHYHHY MOTYKHO-
CTi Ha BUXOJIi BITpOreHepaTopa 3a MPOrHO30BAaHUMH 3Ha-
YCHHSMHU IBHIKOCTI BiTPY. SIKIII0 YMOBHO MPUAHATH, IO
MIBUAKICTh BITPY v =1 H.0. (HOpMOBaHa OJIWHUIIA), TO
MOTY>KHICTB, III0 MOXe OyTH OTpHMaHa Bif BiITpOreHepa-
topa P =3,77 H.0. Hampukman, sSkmio moxmOka mporHo-
syBaHHa ckianae Av=0,85 H.0., TOOTO, MOTYXKHICTh
P =2,32 H.0.,1 10Xx1OKa pO3paxyHKy MOTY>KHOCTI CKJIa-

nae dp =38%:

P(A 3
Sp = 1P 00 | 1227 ] 1000 =
P(v) V3
3
1255 1.100% ~ 38%
1

Lle o3nauae, mo y mexax £31% ((100-38)/2=31)

BiJl cepeIHbOTO 3HAYCHHS CHEPTil MOXKHA KEPOBAHO 3apsi-
JOKaTH abo po3psIKaTH HAKOU4yBay (puc. 6).

[Ipu mocsATHEHHI MOXUOKYM MPOTHO3YBaHHS MIBUIKO-
cTi BiTpy 3HaueHHA y 20%, 30Ha KepoBaHOi pOOOTH HAKO-
IM4YyBaya 3HUKaeE. SIKIo HeoOXiqHo 3abe3nednTH Kepo-
BaHy o06nacTe poboTn Hakonmdysada y 80%, To motpi-
OHO, 1100 MoX1OKa NPOrHO3YBAHHS MIBUIKOCTI BITPY He
nepeBuiyBaia 7%.

Py
100%

R A A G T T O A A A A A
o P

7 s
s A AL Fa
50{”/ .l;/frf/r/frff;/(fr,f/(f/rfrf/r/frff.l/rfr)rfrf
: RSP ]
P
A AL
P TR
SR
'y
P,

W
B
Ty
B
T
b By
Ty

y
S

Puc. 6. 3oHa KepoBaHOi pOOOTH HAKONUIyBada

Jlyist BpaxyBaHHSI BIUIUBY TEMIIEPATypH Ta MOXHUOKH
MIPOTHO3YBAaHHS Ha KIUIBKICTh aKyMYIISITOPIB 3amaMocs
HACTYITHOIO ()OPMYJIOIO:

Sn(T)zn(T)'SP(T), @)
ne n(T) — KUIBKICTh aKyMYJISITOPIB 3 BpaxyBaHHIM TeM-
neparypu, Op (T) — KUIBKICTB aKyMYJISITOPIB 3 Bpaxy-
BaHHSM IIOXHOKH IPOTHO3yBaHHS.

BpaxoByroun, 1o npu 30iJbIIEHH] 30HH KEpOBaHOI
poboTH 3MeHIIy€eThCs O p 1 HEOOX1HA KiNbKICTh aKyMy-

JSITOpHUX Oartapeii, To:
1
1-8p

TakuM 9MHOM, IUIs PO3PaxXyHKY KiJTBKOCTI aKyMyJisi-
TOpHHX Oatapei, MOTpiOHO BpaxoBYBaTH ITMOMHY pO3-
psAny, TeMIepaTypy Ta MOXHOKY BuMiptoBaHHs [33].

5p(T)

VI. PO3PAXYHOK KUIbKOCTI BATAPEN
VYV 3AJIEXXHOCTI BIA ITAPAMETPIB

[MincraBmsiroun 'y ¢dopmyny (5) 3HauUCHHS BHXITHHX
naHux: dvac po3psaay (=10200 , cTpyMm po3psaay
i=17,94 , HomiHambHa emHicte C,,,, =1794-200 ,
HeoOXimHui yac podotu akymynaropa t = 20200, riau-
OuHa po3psLy

C

D= max

C

max

Coin 202—(202-179)

= =88,6%,
202

OTPUMAEMO 3aJISKHICTD KUTBKOCTI aKyMyJIATOPHHUX OaTa-
peii Bix Temneparypu Ta koedimienty [lefikepra:

n(r)> MO L LT | k() 10 117,920
D1\ Cu(T) 0,886-20 | C,(T)

358
Co(T)

~HT)056.

Koedinient [TefikepTa y CBOIO 4epry TakoxX 3aJ€KHUTh
BiXx TeMriepaTypH. Y TalOi. 2 HaBeIeHO 3HAYCHHS Koedi-
uienty [lefikepTa U1t KOHKPETHUX TEMIIEpaTyp, a rpadik
3JIEKHOCTI KUTBKOCTI HEOOXIMHUX aKyMYJLITOPIiB Bif
TEMIIepaTypy HaBeICHO Ha pucC. 7.

BukoHaBIIN iHTEPTIOIAIIIIO MIOJTIHOMOM 3-TO CTETICHS,
MOYKHA 3HAWTH KIBbKICTh aKyMYJIITOPHHUX Oatapeii:

n(T)=-9,8-107°7% +0,79-10 7% ~0.025T7 +1,89 .

TABJIMUA 2 3AJIEXHICTb KIJIbKOCTI AKYMYJIATOPHUX BATAPEI
BIJ] TEMIIEPATYPU

Temnepa- | —20°C | =7°C | 0°C 5°C 10°C
typa T

I’l(T) 2.8 2,08 1,89 1,79 1,72
Temmepa- | 15°C 20°C | 25°C | 30°C | 40°C
typa 1

}’l(T) 1,66 1,62 1,58 1,56 1,52
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Puc. 7. I'padix 3ameXHOCTI KiNbKOCTi HEOOXITHUX aKyMyJISITOPIB BiX
TeMIIepaTypu

T.°C 20 o By, %

Puc. 8. CiMeiicTBO KPHBHX 3aJI€XKHOCTI KITBKOCTI aKyMyJISITOPHHX Oa-
Tapeii BiJi TEMIepaTypH HaBKOJIMITHBOTO CEPENOBHILA Ta HOXUOKH PO-
THO3YBaHHS LIBUIKOCTI BITPY

TABJIALS 3 3AJIEXXHOCTI KUIBKOCTI AKYMVYJISITOPIB BIJ] TOXWUBKA
MPOTHO3YBAHHS LIBUJKOCTI BITPY ITPU TEMITEPATYPI -20°C

5\} 0% 5% 10% 15%
SP 100% 86% 73% 38%
Sn (T) 2,8 3,27 3,84 4,56

TABJINLA 4 3AJIEXXHOCTI KUIBKOCTI AKYMVYJISITOPIB BIJI TOXWUBKH
MPOIrHO3YBAHHSI [IBUIKOCTI BITPY [TPU TEMITEPATYPI 0°C

6v 0% 5% 10% 15%
SP 100% 86% 73% 38%
SH(T) 1,89 2,21 2,59 3,08

TABJIULIA 5 BATEXHOCTI KUIBKOCTI AKYMVYJISITOPIB BIJI ITOXWUBKA
TMTPOrHO3YBAHHS LLIBUJIKOCTI BITPY ITPM TEMITEPATYPI 20°C

5‘) 0% 5% 10% 15%
Sp 100% 86% 73% 38%
Sn (T) 1,62 1,89 2,22 2,64

B Tab61. 3 - 5 HaBeIEHO 3aIEKHOCTI KUIBKOCTI aKyMy-
JATOPHUX OaTapel BiJl MOXHOKH MPOTHO3YBAaHHS NIBUI-
KocTi BiTpy mpu Temmeparypax -20°C (tabn. 3), 0°C
(tabu. 4), 20°C (tadm. 5).

Ha puc. 8 mokazaHo CiIMEMCTBO KPHBHX 3aJI€KHOCTI
KijbkocTi ! akyMynsTopHHX GaTapeil cucTeMu GalaHcy-

BaHHsA Bi,H TeMIICpaTypu HABKOJIMIIHBOT'O CEepeao-

BUILA Ta TOXUOKHU MTPOTHO3YBAHHS IIBUIKOCTI BITPY v

Hanpuknan, npu 30inblIeHHI MOXMOKH NPOTHO3Y-
BaHH: 3 10% 10 15% KiNbKiCTh aKyMyJIATOPHHUX OaTapei
Mae OyTu 30inbnIeHa B 1,17 pasiB, a Ipy 3HWKCHHI TeM-
neparypu 3 20°C mo 0°C KiNBKICTh aKyMYJIATOPHHUX
Gatapeii mae OyTH 30ubIIeHa B 1,48 pasis.

BUCHOBKU

Y po06oTi MmoKa3aHO BIUIMB BEJIMIUHH ITOXHOKH MPO-
THO3YBaHHS IIBUAKOCTI BITPY Ta poOOYO0i TemIepaTypu
Ha KIJBKICTh aKyMYJISITOPIB CHUCTEMH OalaHCyBaHHS.
MetoauKy po3paxyHKy HEOoOXiqHOI KiJIbKOCTI aKyMyJIs-
TOpIB HABEACHO HA MPHKIIA/I CBUHIIEBO-KUCIOTHUX aKYy-
myistopiB  cepii HZB12-180FA BupoObnuka HAZE
Battery Campany Ltd. IToka3aHo, 1m0 3i 30iIbIIEHHSIM
MOXMOKH IPOTHO3YBAHHS Ta 31 3HWKEHHSAM TEMIIEpaTypu
KUIBKICTh aKyMyJIATOpiB, IO HEOOXigHA IS MiATpHU-
MaHHS Ti€i )k caMol KepoBaHOi 30HH pOOOTH aKyMyJIsi-
TOpa, 30UIBLIYETHCS: TP 30UIbILIEHH] MOXHUOKH MPOTHO-
3yBaHH: 3 10% 10 15% KinbKicTh akyMyJIATOpPHUX OaTa-
peii mae OyTtu 30inbmeHa B 1,17 pasiB, a npu 3HWKEHHI
temnepatypu 3 20°C mo 0°C — 36inbmieHa B 1,48 pasis.
Ile HeoOXiHO BpaxoOBYBaTH IPU IPOEKTYBAHHI CUCTEMHU
6anmancysanns BJIE.
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Abstract—In the energy balancing system of distributed generation systems with RES (renewable energy sources), in
particular with wind turbines, the effective use of the battery of the balancing system depends on the charge-discharge
modes that are implemented. To be effectively used in an energy balancing system, the RES control system should coordinate
the processes of energy generation and accumulation in the system through the implementation of operational management
with forecasting. Depending on the characteristics of the battery and the accuracy of the measurement or prediction of
the energy the battery capacity (or the number of batteries) that will provide the specified control range (controlled opera-
tion area) needs to be chosen.

Empirical relations (equations) devoted to the dependence of the battery capacity on the discharge current and to
the change of voltage at the terminals of the battery during direct current discharge were listed. Among the equations
Peukert’s law was chosen. A general view of the dependence of the battery capacity on the discharge current was shown.
The formula for Peukert's constant (coefficient) was given. 5 Packert's law limitations were listed including the fact that
the effect of temperature on the battery is not taken into account.

The influence of depth charge-discharge and the number of discharge cycles on the capacitance was shown. In the pro-
cess of using the battery and increasing the number of charge-discharge cycles, the capacity decreases.

Peukert’s formula was extended to be influenced by temperature: both the Peukert’s capacity and the Peukert’s coeffi-
cient depend on the temperature because the Peukert’s coefficient depends on the capacity.

For further calculations, a rechargeable battery HZB12-180FA from manufacturer HAZE Battery Campany Ltd was
chosen.

The temperature was taken into account by empirical dependences from the manufacturer and then they were approx-
imated by 3™ order polynomials. Graphical results of the approximation were shown.

The formula of dependency between the power of the wind turbine and the wind speed was shown.

The connection between wind speed prediction error, amount of power that could not be obtained because of that and
the number of batteries that would provide the specified control range (controlled operation area) was shown.

Thus, for calculation of the number of batteries the depth of discharge, temperature and prediction (measurement) error
were taken into account. Example dependences of the number of batteries on the wind speed error at temperatures of -
20 °C, 0 °C and 20 °C were shown. Curves of dependence of the number of batteries of the balancing system on the ambient
temperature and the error of wind speed forecasting was constructed. As an example, when the prediction error increases
from 10% to 15%, the number of batteries needs to be increased by 1.17 times, and when the temperature decreases from
20 °C to 0 °C, the number of batteries needs to be increased by 1.48 times.

The results of the work can be used at the stage of planning the wind turbine when choosing the number and capacity
of the batteries to be installed. Possible areas of further research are using Peukert's formulas, generalized for other or
different types of batteries, using other formulas, except for Peukert’s one, for taking into account the dependence of battery
capacity on discharge current, using a non-empirical approach to include dependency on temperature.

Keywords — rechargeable batteries; Peukert's equation; forecasting; area of controlled work of battery.
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