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Fire Safety

O. B. Jlazapenxko, B. I. Ilocnonimax
JIvgigcokuil Oepoicasrull yHisepcumem Oe3nexu HeummeoisiibHOCMI

CIIOCOBU BUITPOBYBAHHSA JITIU-IOHHUX EJTEMEHTIB
"KUBJEHHS HA ITPEJMET OXXEKHOI HEGE3IIEKA

Beryn. besnepedno, 6e3yMoBHO, miTiii-ionHMI eneMmeHT xuBieHAA (JIIEXK) € 0cCHOBHOIO CKIIaTOBOO TPAHCTIOPTHUX
3ac00iB Ha aJIbTEPHATUBHUX JPKEepeliax *KHUBJICHH:. Ajie HeoqHopa3oBi pociipkeHHs JIIEXK nokasanu ixHio Han3BuuaitHy
NoXexHy HeOe3neky. HacTymHi 1ocitipkeHHs ToKa3aiy, o JUIs TOro, 00 YHUKHYTH BUKOpUcTaHHs HesikicHux JITEX,
HEOOXIiTHO BIIPOBAPKyBaTH HOPMAaTHBHO-NIPAaBOBY 0a3y sika O 00yMOBIIOBaNA MOPSJOK Ta METOMUKY iX TECTYBaHHS Ha
IpeaMeT MoKekHOT HeOe3neku. Ha sxanp B YkpaiHi BiACYTHI MOXIOHI CTaHAAPTH Ta 3arajioM € MPOrajruHa B HANPSMKY
JIOCIIKeHb TIoXkexHOT HeOesneku JITEXK

Mera Ta 3aaaui gociizKeHHs1. 3BaXKal0uH Ha NEpeIOBUI TOCBIJ Ta aKTYaJIbHICTh MUTAHHS IPOBEJCHHS eKCIEepH-
MCHTaJIBHHUX Ta TEOPETHYHUX JOCII/KEHb 3 BU3HAUEHH NoXkexxHoi Hebesnekn JIIEX, 3anponoHoBaHO MpoBeCcTH HU3KY
ekcriepuMeHTaNbHuX gocuimpkens Ha JIIEXK Panasonic NCR18650B, ski mmpoko 3acTocoBYIOTECS B aBToMOO1IX Tesla.
30KpemMa METOI0 IOCHTIKEHHS € MPOBECTH HU3KY €KCIIEPHMEHTIB, 100 BU3HAUYNTH TEMIIEpaTypHi MMOKa3HUKH, XapaKTep
Ta TpuBaiicts ropiaas JIIEX BHacHigok X MEeXaHIYHOTO NOIIKO/UKEHHS (CTUCKAHHS KOPITyCY, IPOOUTTS TOCTPUM pes-
METOM) Ta J€F0 HATUIIKOBUX CTPYMiB (TIepe3apsapkanHs). B poOoTi 3anporoHOBaHO Ta OMHCaHO MOPSIOK MIPOBEACHHS
BHIIPOOYBaHHA, HEOOXiTHE 00NIaAHAHHS IS IPOBEICHHS SKCIIEPUMEHTIB Ta CXEeMH HOTO PO3MIIIICHHS.

BucnoBku. [IpencraBieHHs noaiOHOT METOUKH BUIIPOOYBAHHS Ta PE3yJIbTaTH MPOBEJCHUX EKCIIEPUMEHTIB MO-
XKYTb cTaTh 0a3010 JUIsi CTBOPEHHS Ta BIIPOBAKEHHS Ha TepeHax YKpaiHU BIIACHOT METOANKHU BUITPOOYBaHHS Ta TECTY-
Banus JIIEXK Ha npeamer noxxexxHoi HeOe3neku. [IpoBeieHHs eKCIIepUMEHTANIBHUX J0CHIkeHb Ha oanHudHuX JITEXK
JIaCTh MOXKJIMBICTD 3IHCHUTH TUIAHYBaHHS Ta €KCIIEPUMEHTAJIbHI JOCIIIKEHHs MOIIOHOT0 XapaKTepy Ha HOBHOIIHHUX
aKyMyJsITopHHX Oatapesix Ha ocHoBi JIIEXK. Otpumani 4uciioBi 1aHi Ta XapaKTEPUCTHUKH JIalyTh 3MOTY 3p0OUTH Mate-
MaTH4HUH onuc npornecy oxosomkenns JIIEX, mo Moxe cratn HayKOBUM MIATPYHTSM JUIs pO3pOOKH Ta BIIPOBAHKECHHS
aKTyaJhbHHUX METOJIIB Ta 3aCO0IB TaCiHHA aKyMyJIITOpHUX OaTapeii Ha ocHOBI JITEXK.

Kuro4doBi cioBa: miTiii i0HHHH €IEMEHT JKUBJICHHS, TOPSIOK BUTIPOOYBAHHS, MOKEKHA HeOe3IeKa, MeXaHiuHe
TIOIIKO/DKEHHSI, TIepe3apsPKaHHs.

O. V. Lazarenko, V. I. Pospolitak
Lviv State University of Life Safety

METHODS OF TESTING LITHIUM-ION BATTERIES FOR FIRE HAZARD

Introduction. One way or another, lithium-ion battery (LIB) is a major component of vehicles on alternative power
sources. Repeated LIB studies have shown their extreme fire hazard. At the same time, the following analysis of research
has shown that to prevent the use of low-quality LIB it is necessary to introduce a legal framework that would determine
the procedure and methods of their testing for fire hazards. Unfortunately, there are no such standards in Ukraine and in
general, there is a gap in the direction of fire hazards research.

The purpose and objectives of the study. Following the best practices and relevance of the issue of experimental
and theoretical studies to determine the fire hazard of LIB, it is proposed to conduct a series of experimental studies on
LIB Panasonic NCR18650B, which are widely used in Tesla cars. In particular, the study aims is to conduct a series of
experiments to determine the temperature, nature and duration of LIB combustion due to their mechanical damage (com-
pression of the case, penetrating with a sharp object) and the action of excess currents (overcharging). The paper proposes
and describes the procedure for conducting the test, the necessary equipment for conducting experiments and the scheme
of its placement.

Conclusions. The presentation of such test methods and the results of experiments can be the basis for the creation
and implementation in Ukraine of its method of testing as well as testing LIB for fire hazards. Carrying out experimental
researches on a single LIB will give the chance to carry out further planning and experimental researches of a similar
character on full-fledged rechargeable batteries based on LIB. The obtained numerical data and characteristics will allow
making a mathematical description of the cooling process of LIB, which can become a scientific basis for the development
and implementation of current methods and means of extinguishing batteries based on LIB.

Keywords: lithium-ion battery, test procedure, fire hazard, mechanical damage, overcharging.
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Beryn. JKuByun B emoxy 4eTBEpTOi HayKOBO-
TEXHITHOL PEBOTIONTI T MO)KHA OITHO3HAYHO
CTBEPIPKYBaTH, IO TEXHOJIOTII  BHIEPEIKAIOTh
cnoniBaHHs. SICKpaBUM MiATBEpIUKEHHAM LBOTO €
TIPUIIBUIIICHHS TEMITIB MepexXony KpaiH
€BpOMECchKOro COI03y Ha TPAaHCHOPTHI 3aco0M Ha
JIBTEPHATHBHUX JDKEpenax eHeprii. Tak, HEeIoaaBHO
3’siBuitacs indopmaris, mo Hopseris mmanye Bxe 10
kinms 2022 poky [1-3], a He sk mianyBanocs B 2025
PpOlli, MOBHICTIO 3a00POHUTH TPOJaXK aBTOMOOLIIB Ha
JIBUTYHAaX BHYTPIIIHBOTO 3rOpaHHS Ta MEPEUTH Ha
riOpuaHI Ta aBTOMOO1JTi HA aJTETEPHATHBHUX JHKEpETax
eHeprii.

HeBnmHHE 3pocTaHHS MOMUTY Ha aBTOMOOLTI
(TpaHCmOpTHI 3ac00M) Ha aNBTEPHATUBHUX JKEpeNax
eHeprii Tak 4u iHakmie, TexHiuHO [4, 5] moB’s3aHe 3
BUKOPUCTAHHSIM JITiH-IOHHUX €JIEMEHTIB JKUBJICHHS
(JIIEXK).

IlocTanoBka npooJIeMu. Pozymiroun
CBOTOJIHIIIHIO TEHACHIIIIO Ta MEPCHEKTUBH PO3BUTKY
[BOTO0 HAMpSMKy Halla Jep’kaBa MOBHHHA 3aBYACHO
TOTYBaTH HAYKOBO-TEXHIYHY Ta HOPMAaTHBHY 0a3y
LI0Z0 CIoco0iB Ta 3aco0iB BU3HAUCHHS, OLIHKH Ta
ceprudikamii  JIIEXX B  KOHTEKCTI  MOXKEKHOI
Hebesmeku. Ha croromui B YkpaiHi 6aHanbHO BIJICYTHI
Oynb-sIKi HOPMATHBHO-TIPABOBI JOKYMEHTH, SIKi 0O
pEemIaMEHTYBAJIM YW OIUCYBAJIU CHOCOOM OIIHKU
noxkesxHoi Heoesneku JIIEXK, mo BUKOPUCTOBYIOTHCS
YH MOXKYTh BUKOPHUCTOBYBATHCSI B €JICKTPOCAMOKATAX,
ENIEKTPOABTOMOOLIISIX Ta MPUIaIaX.

Bigpn TOro, NMTaHHA MOXKEKHOI HEOE3NEKH
JIIEXX € mManomocmimkeHnM. 3BayKarodyd Ha CTPIMKHI
Ta MOCTiliHE PO3IIMPEHHS T4 OHOBJICHHS, KOHCTPYKIIi{
Ta TexHiyHMX mokasHUkiB JIIEXX nposigaumu
BAPOOHWKAMHU CBITYy [6], 1€ MUTaHHA MOBUHHO OyTH
IIPEAMETOM MOCTIIIHOTO BUBYEHHS Ta BAOCKOHAJICHHSL.

AHaJi3 ocraHHiXx gocaimkeHb. [IpoiBimm
aHaJli3 3aKOPAOHHOTO JIOCBIMy Ta CTaHy BHBYECHHS
muTaHHS TokexHoi HeOesmekn JIIEXK moxHa
c(hOpMYITIOBaTH HU3KY TBEPAXKEHb Ta BUCHOBKIB.

Tak, OMHO3HAYHO MOXKHA CTBEpPAXKYBaTH, IO BCi
MPOBiAHI KpaiHu cBiTy, a came: kpaimm €C, CLIA,
[liBnenna Kopes, Iumis Ta Kutait marmTh HU3KY
HOPMaTHUBHO-TIPABOBUX JOKYMEHTIB AKi
perIaMeHTyIoTh Topsnok BunpoOysanHs JIIEXK [7].
3o0kpema, OCHOBHUMH BuaaMu TectyBanb JIIEXK s
BCIX  KpaiH €  MCXaHIYHE  TOIIKOMKCHHS
(IpOKOMIOBAHHS, CTUCKAHHS, KUAAHHA 3 BHUCOTH
TOIIO), eNEKTPUYHE IMepeBaHTaXeHHs (Tiepe3aps,
KOPOTKE 3aMHUKaHHSI, pO3psILKaHHA TOIO). Jl0aaTKoBO
JesIKI CTaHAapTH TependadaroTh Taki TECTH, SK
HarpiBanas JIIEX Bim cropoHHBOTO JKEpena, BIUIUB
HU3BKHUX TEMIIEPaTyp, BiIKPUTHI BOTOHb, 3aHYPECHHSI
B BOJLY TOIIIO.

B poboti [8] mpoanamizoBaHO BHIIE3a3HAYCH]
CHoCcoOM TECTyBaHHS Ta 3allPOIIOHOBAHO MOTEHINIHHI
[UISIXM BHUPILICHHS MPOOJIEM TOXKEKHOT HeOe3MeKH
JIIEXK. 3oxpema, Ha puc.l aBrOpM mOKa3aIu
MTOTEHIIIHY JaHITIOTOBY PEaKIlilo, sika Bi/I0yBa€THCS B
JHEX micis 1oro MEXaHiyHOro MOLIKODKEHHS.

30BHILLHI YMHHUKN

ABapiiHi cuTyauii 3 nitin-ioHHUMu enemeHTamm xuenerus (NEX)

MNpouecu B cepeauHi JIIEX

PesynbTatit BNAMUBY YUHHWKIB

Bnnus Cprmy"

- HAAMIpHE Nepe3apsKaHHs
- HAaMIPHE PO3PALKAHHA

- NPUMYCOBE PO3PALKAHHS

- HAAMIPHI CTPYMK

Bnnus
Temnepatypu

- HAAMIpHE HarpiBaHHa |
- BHYTPILWHiA neperpis

Bnnus
MEeXaHi4HuX
YUHHUKIB

- npoBin enemeHTa
- CTUCKaHHA, pedopmauis
- NagiHHs 3BUCOTH
- IHLWI BUAOKM MEXAHIMHOTO
| snnusy

1

1

1

| Posknanaxxs Teepaoro
1 enektponity =80 °C

|

l

Peakuis aHopa ta
enekrponity =100 °C

PoaknagaHHs enektponiry Ta
BUAINEHHS

ropioumx rasis 110 °C

CnpayiosaHHn cucremu
aBAPIAHONO BUNYCKY rasig|

BuginexHs
NPOAYKTIB 3rOPaHHS

Pucynok 1 — IloTeHuiiiHa TaHIIOTOBa peakiis B JiTii-IOHHOMY €JeMEeHTi KUBJICHHS,
BUKJIMKAHA 30BHINTHIMHA YUHHUKAMHA [8]

OpHak, SK 3a3Havyajocs BUILE, 3aBOIU-
BupoOHukn JIIEXK 3aiiicHIOIOTE MOCTIHHMK MOLIYK
AJTBTCPHATUBHUX KOMIIOHEHTIB (XIMIYHOTO CKJIamy)
JIIEX 3 meroro 30iMbIICHHS IXHBOI €MHOCTI Ta

JIOBTOBIYHOCTI, JIOCUTh YacTO HE BPaXOBYHOUH a0o
3a0yBalovyd TaKy BaXKIIUBY CKIIQJIOBY SIK TOXEKHA
HeOe3IeKa eJIeMeHTa.
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UeproBuM I0Ka30M aKTyaJbHOCTI 3IIHCHEHHS
TectyBaHHA Ta BumpoOyBanHs JIIEXX e nuska
nyOmikamii [9-12, 15], MeTOr0 SIKUX € BU3HAYCHHS
MOKa3HUKIB noxexHol Hedesnexku JIIEXK BHacmimok
MOpyIIeHHsT {XHBOTO CTaloro (hyHKIIOHYyBaHHSA,
BHKJIMKAHOTO 30BHIITHIMH YHHHHKAMHU (MeEXaHIUHE
MOIIKO/DKEHHS,  TMepe3aps/UKaHHS  EICKTPUYHUM
CTPYMOM TOIIIO).

HonarkoBuM OOTpYHTYBaHHSIM 3IiHCHEHHS Ta
MPOBEACHHS SKCIIEPUMEHTAIBHUX JIOCIIIKCHD 10710
TOXKEKHOT HeOe3neKu JIIEXK (BHACITiOK
MEXaHIYHOTO TOIIKOMKEHHS UM TIepe3apsKaHHsA) €
MOCTIHA 3pOCTaHHS Ta HANIOBHEHHS CTaTUCTHUYHUX
JaHUX TPO BUITAJKA 3arOpaHb E€JICKTPOABTOMOOLIIB
[13] BrHachigok ATIL, mix gac 3apsmkaHHs TOIIO.

Mera. BiamoBigHO [0 BHKIAIAEHOIO BHIIIE,
METOI0 IIbOTO JIOCTDKEHHS € po3po0ka Ta
TUTAHYBaHHSI  €KCIIEPUMEHTY IIOMO  BH3HAYCHHS
noxxexxHoi Hebesnekn JIIEXK Panasonic NCR18650B
(SIKi MPOKO 3aCTOCOBYIOThCA B aBTOMOOLUIsIX Tesla
Model S) BHacnmigok NOpYIIEHHS HOPMAalbHOTO

pekuMy  poOOTH, BHUKIMKAHOTO  30BHIIIHIMHA
YUHHUKaAMHU.

Bukiaan OCHOBHOI'0O Mmarepiasy. st
JOCSATHEHHS  METH  JOCHIUKEHHS  HeoOXiaHO

BUPIIIATH TaKi 3a/1a4i:
1. Po3poOutu ekcriepuMeHTaNIbHI CTCHIU IS
MPOBECHHS JIOCHIDKCHHS 3 BU3HAUCHHS IMOXKEKHOT

HeOe3NeKu JIIEXK BHACIIJIOK MOPYIIEHHS
s‘)“‘ e
S,

HOPMAJILHOTO  peXUMYy  POOOTH,
30BHINIHIMA YATHHAKAMH.

2. IlpoBectH JOCHIIKEHHS 3 BU3HAYCHHS
TEMIIepaTypPHUX MOKA3HHUKIB Ta TPUBAJIOCTI TOPiHHS
JIEX BHachimok iX MeXaHIYHOTO HOLIKOKEHHS:
MPOOUTTS TOCTPUM TPEAMETOM, CTHCKAHHS IIif
MIPECOM.

3. IlpoBectn mocmi/pkeHHS 3 BH3HAYCHHS
TEMIEPaTYPHUX MOKA3HUKIB Ta TPUBAIOCTI TOPIHHSA
JIEX BHacnmigok ix mepe3apsakd IMOCTIHHUM
CTPYMOM.

4. Po3pobutH MaTeMaTU4Hy MOZAETH OIHCY
MPOLIECY OXOJIOJDKCHHS  JITIH-IOHHUX €JICMCHTIB
KUBJICHHS 3alie)KHO Bix cmocoly (mpuumH) iX
3aropaHHsl.

Peanmizyroun mepmry 3amady  AOCTiIKEHHS
NPOTIOHYETHCS PO3MIISIHYTH TOPSIOK, 00Na HaHHS Ta
KOHCTPYKIIIFO €KCIIEPUMEHTATBHUX CTEH/IIB.

st 3a0e3medeHHs BU3HAYEHHS JTOCTOBIPHOCTI
OTPUMAHHMX PE3YJILTATIB JOCHIIKCHHS Ta 3MEHIIICHHS
NOXUOKU BUMipIOBaHHSI TIepe10adaeThCsl IOBTOPEHHS
KOYKHOTO 3 €TaIliB OCIIPKEHHS MiHIMYM TPH pasu.

TakuM 4YMHOM [l KOXKHOTO 3  €TalliB
JIOCITI/DKEHHST HeoOXigHa HAasBHICTh, SIK MIHIMYyM,
tprox JIIEX. B sxocti mocmigHOTO B3ipmst ob6paHO
HaHOUIBII PO3MOBCIOPKEHUI Ha CHOTOAHI (opmar
JIEXK — 18650 (puc.2) Bix aBromo6iniB Tesla (Tesla
model S, Model X 2015-2018 p.B.), 3aBOACHKI
napametpH [ 14] Oatapeiliku HaBeneHi B Ta0I. 1.

BHUKJIMKAHOI'O

Max. 18.5 mm

*With tube (1')

Max. 65.3 mm

PucyHok 2 — 3aranbpHui BUTIS JITIH-I0HHOTO elleMeHTa )uBJIeHHs Panasonic ctaanapty NCR18650B
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Taoanna 1

ITapameTpu miTiii-ioHHOTO eneMenTa xuBieHHs Panasonic NCR18650B

Mapametp 3Ha4YeHHA
Hiametp 18 MM
JoBxxuHa 65 MM
Hanpyra (HomiHanbH2) 3.7B
Hanpyra (makcumanbHa) 42 B
Hanpyra (miniMansHa) 33B

€MHICTB Minimansaa — 3250 mAh
(3a Temneparypu +25 °C) CranpnaptHa — 3350 mAh
Bara 48.5p

Tun CJIIEMCHTY KHWBJICHHA

Tesla Custom Panasonic 18650 (ananor NCR18650B)

OCKIJIBKH, BIAIOBIIHO bi o) TIOTIEPEHIX
JOCTIKEHb [15], BKe HEOMHOPA30BO IMiITBEPIKEHO,
[0 HAHOUIBII MOKEKOHEOE3MEYHUMU € €JIEMEHTH
JKUBJICHHSI, SIKI MAalOTh CTYIiHb 3apsmy OiIbIINi 3a
50%, I JOCHIIKCHHS BiIOMPAEMO CIIEMCHTH
KUBJIEHHS 3 cTyneHeM 3apany 100% ta Hampyroro 4,2
BOJIBT.

Lii-PD4

PiBenp 3apsmy  Oarapeiiok  mocATaTEMEMO
BUKOPHCTOBYIOUH YHiBepCaTbHUHN 3apsiTHUN MIPUCTPIi
LiitoKala: Lii-PD4 (puc.3), sxuii nae MOXKIUBICTH
3aiiicHIoBaTH «po3yMHY» 3apsaky JIIEX BpaxoByroun
HWOro mapaMmeTpH, XIMIYHUN CKJIaJ] Ta crienudikallio,
[0 3aBepIICHHI 3apsaKd TPUCTPid BHUBOOUTH Ha
nudpoBUiA IUCIIIe Bci ocHOBHI mokasHuku JITEX
(HasiBHY HAIpyry, EMHICTB).

E.
=
g |l
3
E
&

PucyHnok 3 — 3arajbpHuii BUTIIA]] YHIBEPCATBHOTO 3apsIIHOTO MPUCTPOIO
LiitoKala Lii-PD4 Ta mynsTuMerpa Digital 266FT

1106 MIEPECBIIUUTHCS B MPaBUIIBHOCTI
orpumanux 3HadeHb Hanpyru JIIEJK, mnoBropHO
OynmemMo  3HiMiCHIOBaTH  KOHTPOJb  HANpyru 3
BUKOpHUCTaHHSAM IdpoBoro mynstuMerpa Digital
266FT (puc.3) moxuOKa sikoro cTaHoBUTSE + 0,8.% mpu
BUMIpIOBaHHI NOCTiiHOTO cTpyMy 10 1000 B.

Jns BH3HA4YeHHs TeMIepaTypHUX ITOKa3HUKIB
JIIE’K BUKOpHCTAaEMO TEpMONIApU XPOMEJIb — AIIFOMEIIb
3 MOXUIMBICTIO (bikcarlii TemIiepaTypHUX MOKa3HUKIB
Biz -50 10 1200 °C. [puiioM OKa3HKUKIB BiJ TepMoniap
Ta iX mojaibina oOpoOka Oyme 3a0e3reuyBaTHCS
BTOPUHHUM  IIPUJIAJOM—PETYIIATOPOM—BUMIPIOBAaUYEM
IIBI-111, sxuii Ma€e MOXIMBICTh 3IHCHIOBATH
OIJHOYACHE 3UMTYBaHHs Ta Iepenady iHpopmamii Ha
niepconanbani kKomm 'orep (I1K) 3 8 tepmomap. Bci
TEMIIEpaTypHi MOKa3HUKH OyAyTh 3alHiCyBaTHCS B

peanmbHOMy uaci Ha [IK Ta 3mificHroBaTH MOOYHIOBY
rpagiyHAX  3aJIKHOCTEH, 110 B  IMOJAJIBIIOMY
MOJETHUTH 00POOKY pe3yIbTaTiB 1OCHiHKEHHSI.

Jlabopamopnuti  cmeno 018 NPOGEOEHHs
MEXAHIYHO20 NOWKOOXCEHHs (npobumms  Kopnycy
JIEZK).

Hns mpoBenenHs npoburtst kopmycy JIIEX
IUIAHYEThCS MOTO TOTNEPETHE KOPCTKE 3aKPIIUICHHS
XOMyTaMH Ha TBepjiit ocHoBi. [Ticis yoro Ha Kopmyci
JIIEXK 3aKkpimIroroThCsl YOTUPH TEPMOIIAPH 110 BCHOMY
Horo miametpy. [lomarkoBe Ha BifICTaHi B 5 MM Bil
xoprrycy JIIEXK 3akpimumoroThest ABI TepMomapy s
¢ikcauii Temreparypu MPUIIOBEPXHEBOTO IMIApy Iij
yac ropinHs. Cxema posmimeHHst tepmonap Ha JIIEXK
HaBeZICHA Ha puc.4.
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Pucynok 4 — 3arajpHa cxema po3MillieHHS
TEepMOTIap Ha JIiTiH-iIOHHOMY €JICMEHTI KHUBJICHHS

[poGiit JIIEXK mnanyeTbesi METaleBUM LIBSIXOM
nopxuHOIO 100 MM Ta miameTpoM 3 MM. 3miiCHEHHS
MPoOOIO TIAaHYETHCS B IEHTPAIIbHY HOTo yacTuHy [11]
OCKIJIBKHU TIOTICPEAHIMU OCIIIKEHHSIMHA
BCTaHOBNEHO, mo npo6Oiit JIIEXK B ueHrpanbHiii
YACTHHI CIIPUYHMHSAE HAWOUIBIN IHTEHCHBHE TOPIHHSL

[ikaBUM 3aJMIIAETHCS TAKOXK TOM (aKT, M0 IIMOWHA
mpo6oro eeMeHTa He HaOyTO BIUTMBAE HA TTOJATBIITHN
repedir TepMOXIMIUHOI peakilii Ta IHTCHCHUBHICTh
TOpiHHSI.

Ilo 3aBepmieHHi BHUIIPOOYBaHb IDIAHYETHCS
3MIMCHUTH TakoX (DiKCaIlifo KiHIIEBOi Baru KOXKHOTO
€JIEMEHTA Ta 3JIHCHUTH ii MOPIBHSHHS 3 TIOYATKOBOIO
Baro0 €JeMEHTa, 110 JAaCThb MOMKIMBICTh BH3HAYUTH
KianeBy Brpary Macu JIIEX.

Jlabopamopnuii  cmeno0 01 NPOBEOeHHs.
MEXAHIYHO20 NOWKOONCEHHS (MeXaHiuHe CMUCKAHHS
xopnycy JIIEK).

Jns mexaniyHoro ctuckanHg kopmycy JIIEX
IUIAHYEThCS BUKOPHCTAHHS TiIpaBIidHOrO Ipeca 3
maHomerpoM Ha 4 klla (pmc.5), sSxuii TOBUHEH
3a0€3MeYNTH MAKCUMAJIBHO KPUTHYHE Ta IUIaBHE
HaBaHTAXXEHHsI Ha JOCIIKYBaHUH 3pa3oK.

N

W

=
=
=
=
S

3

PucyHnok S — 3aransHuil BUIIIA] TiAPaBIiqHOro Mpeca Ta MaHOMeTpa i MexaHiuHoro cruckanus JIIEXK

Oikcarris TeMIIepaTypHUX MOKa)KYHKIB
IUIAHY€ETHCS BIPOIOBX BCHOTO EKCTIEPUMEHTY 3aBISIKH
3aKpirmieHuM Tepmonapam. [lnanyerscs 3aiiicHioBaTH
nocrynose cruckanHs kopycy JIIEX Bix 0,1 KIla mo
MOMEHTY BHHHUKHEHHsS $BHOTO ropiHHA. I[loxuOxa
BUMipIoBaHHsS THCKy Ha kopmyc JIIEX ne moBunHa
niepeBuIyBate 1%.

Jlabopamopnuii
00Ci0JHCeHHs 3
HAOTUUIKOBUM CHIPYMOM.

SIk 3aKIIOYHUI eTar MPOIMOHYEThCS 3IIHCHUTH
BU3HAYEHHSI TEMIIEpaTypHUX IMOKa3HHUKIB, XapakTepy,

CmeH0 01 NPOBEOeHHs.
nepe3aps0iCanHs JIEX

tpuBasniocti ropinas JIIEX BHacminok 1 3aropanss Bif
XMOHMX TapaMeTpiB BXIIHOTO CTPyMy Ha €JIEeMEHT
KUBIICHHSL. J{J1s1 TOCSATHEHHS 1i€l METH MPOTIOHYETHCS
3MIMCHIOBATH TOa4y IIOCTIMHOIO  EJIEKTPUYHOTO
CTpyMy CTayoi BETMYMHH Bil CTOPOHHBOTO JDKEpena
(emexTpoTpaHchopMaTopa) 10 MOSBUA HAsIBHUX O3HAK
ropiHHs Oarapeiku (UM, ICKPH, BIIKPUTE TOIYyM’s),
TICIIst YOTO TO/Iady CTPYMY TPHITHHUTH.

st koHTpOIMIO Ta Qikcanii napaMeTpiB 3MiHHOTO
CTpyMYy, III0 IIOJaBaTUMETbCs Ha OaTapeiky, OyayTh
BCTAHOBJICHHI ITU(POBHI BOJBTMETP Ta aHAJIOTOBHUI
amnepmetp (puc.6).

Pucynok 6 — 3aranpHuil BUIIISA]] aMIIepMeTpa Ta BOJIBTMETPA JJIsl IPOBECHHS JTOCHIKCHb
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JleTanpHa cxeMa MigKITIOUeHHS Ta PO3MIIICHHS

obnaHaHHS HaBeJeHA Ha pHUC.7.

3

4
o) nex O

BEX

P HCYHOK 7 - EJ'IeKTpI/I‘IHa cxXema HiI[KJ'IIO‘{CHHSI €JIEMEHTIB KUBJICHHS Ta KOHTPOJIIO MMOKA3HUKIB

Brponosx MPOBEICHHS €KCIIEPUMEHTY
TUIAHY€THCSI 3MIMCHIOBATH 3MiHY CHII CTPYMY 3 KPOKOM
10 A Ta ¢ixcariero gacy MpoTIroM SKOTO BiIOyIeThCs
3aiimanss JITEX.

BucnoBok. [IpencraBnensss momiOHOT METOIUKH
BUINPOOYBaHHS Ta  pe3ylbTaru MPOBEJICHHS
EKCIIEPUMEHTIB MOXKYTb CTaTH 03010 JIJIsI CTBOPEHHS Ta
BIIPOBA/IXKCHHS HA TepEeHaX YKpaiHH BIACHOI METOIUKHU
BunpoOyBaHHss Ta TectyBanHs JIIEXXK na npenmer
MOKEKHOI HEOE3MEKH.

3ampornoHOBaHA ~ METONMKA  Ta  IOPSAOK
NPOBEACHHS  JOCHDKEHHS  [IONO  BU3HAYCHHS
noxexxHoi HeOesnekn JIIEXK Ta Horo apyropsmamx
rapaMeTpiB TiJ 9ac TOPiHHS JacTb 3MOT'Y JIOTIOBHUTH
HaOyTi 3HaHHS MO0 MOXexHoi HeOesmeku JIIEXK, a
came Panasonic NCR18650B.

[poBeneHHs ekcriepUMEHTATBHIX JOCIIHKEHb Ha
omuanyHuX JIIEXX macte MOXIHBICTE CIUlaHyBaTH Ta
IIPOBECTH €KCIICPUMEHTANIbHI JTOCIIKEHHS [TOAi0HOTO
XapakTepy Ha MOBHOIIIHHUX aKyMYJSTOPHHX Oarapesx
Ha ocHoBi JIIEX

OrpumaHi 4YHCIIOBI JaHi Ta XapaKTePUCTUKU
JaayTh 3MOTY MareMaTrHyHO OIMCaTH  IMpoliec
oxonomxenns JIIEX, mo Moxe cTatu HayKOBUM
HOUPYHTSIM 11 PO3pOOKM Ta  BIPOBAKEHHS
aKTyaJTbHUX METOJIIB 1 3aC00iB raciHHs aKyMYJIATOPHHUX
Oarapeii Ha ocHoBi JITEXK.

Crniucok Jiteparypu:
1. Electric road vehicles in the European Union
Trends, impacts and policies. Pexxum

noctyiy:https://www.europarl.europa.eu/RegData/etud
es/BRIE/2019/637895/EPRS _BRI(2019)637895 EN.p
df.

2. This country may sell the last non-electric car
in April: earlier than target for 2025. Pexxum nocrtymy:
https://netherlandsnewslive.com/this-country-may-sell-
the-last-non-electric-car-in-april-earlier-than-target-for-
2025-car/246362/ .

3. Update on government targets for phasing out
new sales of internal combustion engine passenger cars.
International council on clean transportation, 2021.
Pexum JIOCTYILY:

https://theicct.org/sites/default/files/publications/update-
govt-targets-ice-phaseouts-jun2021_0.pdf.

4. Lazarenko O., Loik V., Shtain B., Riegert D.
Research on the Fire Hazards of Cells in Electric Car
Batteries. Bezpieczenstwo i technika pozarnicza, 2018.
Vol. 52. Issue 44. P.58-67.
https://dx.doi.org/10.12845/bitp.52.4.2018.7.

5. Jlazapenxo O.B., [Tapxomenxo B.-I1.0, Cykaga
PIO., Kycroseup A.C., binonoxko b. B. KonctpykrieHi
0co0nMBOCTI Ta Hebe3neKa aBTOMOOLTIB Ha BOJHEBOMY
nasmuBi. [loowcescna 6esnexa: 30. HayK. Tpaiib. JIbBIB:
Jany BX, 2020. Ne37. C. 52-57.
https://doi.org/10.32447/20786662.37.2020.08 .

6. Yu Miao, Patrick Hynan, Annette von
Jouanne, Alexandre Yokochi Current Li-lon Battery
Technologies in Electric Vehicles and Opportunities for
Advancements, Energies vol. 12 (2019), 1074;
https.//doi.org/doi:10.3390/en12061074 .

7. V. Ruiza, A. Pfranga, A. Kristona, N. Omarb,
P. Van den Bosscheb, L. Boon-Bretta A review of
international abuse testing standards and regulations for
lithium ion batteries in electric and hybrid electric
vehicles. Renewable and Sustainable Energy Reviews
81 (2018) pp. 1427-1452.
https://doi.org/10.1016/j.rser.2017.05.195.

8. Pius Victor Chombo, Yossapong Laoonual
(2020) A review of safety strategies of a Li-ion battery
Journal of Power Sources Volume 478,
https://doi.org/10.1016/j jpowsour.2020.228649 .

9. Joshua Lamb, Christopher J. Orendorff
Evaluation of mechanical abuse techniques in lithium
ion batteries. Journal of Power Sources 247 (2014) 189-
196 p. hitps://doi.org/10.1016/j jpowsour.2013.08.066 .

10. Huang, Zonghou; Li, Huang; Mei, Wenxin;
Zhao, Chunpeng; Sun, Jinhua; Wang, Qingsong (2020)
Thermal runaway behavior of lithium iron phosphate
battery during penetration. Fire Technology volume
56:2405-2426.  https://doi.org/10.1007/s10694-020-
00967-1 .

11. Binbin Mao, Haodong Chen, Zhixian Cui,
Tangqin Wu, Qingsong Wang (2018) Failure mechanism
of the lithium ion battery during nail penetration.
International Journal of Heat and Mass Transfer V. 122:
1103-1115

54

IToxxesxna 0e3neka, Ne39, 2021


https://www.europarl.europa.eu/RegData/etudes/BRIE/2019/637895/EPRS_BRI(2019)637895_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2019/637895/EPRS_BRI(2019)637895_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2019/637895/EPRS_BRI(2019)637895_EN.pdf
https://netherlandsnewslive.com/this-country-may-sell-the-last-non-electric-car-in-april-earlier-than-target-for-2025-car/246362/
https://netherlandsnewslive.com/this-country-may-sell-the-last-non-electric-car-in-april-earlier-than-target-for-2025-car/246362/
https://netherlandsnewslive.com/this-country-may-sell-the-last-non-electric-car-in-april-earlier-than-target-for-2025-car/246362/
https://theicct.org/sites/default/files/publications/update-govt-targets-ice-phaseouts-jun2021_0.pdf
https://theicct.org/sites/default/files/publications/update-govt-targets-ice-phaseouts-jun2021_0.pdf
https://dx.doi.org/10.12845/bitp.52.4.2018.7
https://doi.org/10.32447/20786662.37.2020.08
https://doi.org/doi:10.3390/en12061074
https://doi.org/10.1016/j.rser.2017.05.195
https://doi.org/10.1016/j.jpowsour.2020.228649
https://doi.org/10.1016/j.jpowsour.2013.08.066
http://dx.doi.org/10.1007/s10694-020-00967-1
http://dx.doi.org/10.1007/s10694-020-00967-1

https://doi.org/10.1016/).ijheatmasstransfer.2018.02.03
6.

12. Y. Fernandes, A. Bry, S. de Persis (2018)
Identification and quantification of gases emitted during
abuse tests by overcharge of a commercial Li-ion battery.
Journal of Power Sources Volume 389, 15: 106-119
https://doi.org/10.1016/j jpowsour.2018.03.034 .

13. Jlazapenko O.B. Ananiz npuuun 3azopammsi
enexmpoasmomooinie : Marepiamn XII MikHApOTHOT
HayKOBO-TIpakTU4HOI KoH(pepeHtii «Teopist 1 mpakTHka
TaCiHHS MMOXKEXK Ta JIKBIAAI] HA3BUYAMHIX CUTYyaIlii
—2021.C.33-35.

14. Panasonic NCR-18650B Lithium-ion/NNP +

HRL technology. Pexxum JIOCTYILY:
https://www.imrbatteries.com/content/panasonic_ncrl8
650b-2.pdf.

15. A. Perea, A. Paolella (2018) State of charge
mfluence on thermal reactions and abuse tests in
commercial lithium-ion cells Journal of Power Sources
399:392-397
https://doi.org/10.1016/j jpowsour.2018.07.112 .

References:

1. Electric road vehicles in the European Union
Trends, impacts and policies. Access mode:
https://www.europarl.europa.eu/RegData/etudes/BRIE/
2019/637895/EPRS_BRI(2019)637895 EN.pdf.

2. This country may sell the last non-electric car
in April: earlier than target for 2025. Access mode:
https://netherlandsnewslive.com/this-country-may-sell-
the-last-non-electric-car-in-april-earlier-than-target-for-
2025-car/246362/ .

3. Update on government targets for phasing out
new sales of internal combustion engine passenger cars.
(2021) International council on clean transportation,
Access mode:
https://theicct.org/sites/default/files/publications/update-
govt-targets-ice-phaseouts-jun2021_0.pdf.

4. Lazarenko O., Loik V., Shtain B., Riegert D.
(2018) Research on the Fire Hazards of Cells in Electric
Car Batteries. Bezpieczenstwo i technika pozarnicza,
Vol. 52. Issue 44. P.58-67.
https://dx.doi.org/10.12845/bitp.52.4.2018.7.

5. Lazarenko 0.V, Parkhomenko V.-P.O.,,
Sukach R.Yu., Bilonozhko B.V., Kuskovets A.S. (2020)
Konstruktyvni osoblyvosti ta nebezpeka avtomobiliv na
vodnevomu palyvi [Design features and hazards of
hydrogen fuel cell cars] Fire safety. Vol. 37, pp 52-57.
https://doi.org/10.32447/20786662.37.2020.08

6. Yu Miao, Patrick Hynan, Annette von
Jouanne, Alexandre Yokochi Current Li-lon Battery

* HaykoBO-MeTOAMYHA CTATTH.
Haniinia qo penakmii 05.10.2021 p.

Technologies in Electric Vehicles and Opportunities for
Advancements, Energies vol. 12 (2019), 1074;
https://doi.org/doi:10.3390/en12061074 .

7. V. Ruiza, A. Pfranga, A. Kristona, N. Omarb,
P. Van den Bosscheb, L. Boon-Bretta A review of
international abuse testing standards and regulations for
lithium ion batteries in electric and hybrid electric
vehicles. Renewable and Sustainable Energy Reviews
81 (2018) pp. 1427-1452.
https://doi.org/10.1016/j.rser.2017.05.195.

8. Pius Victor Chombo, Yossapong Laoonual
(2020) A review of safety strategies of a Li-ion battery
Journal of Power Sources Volume 478,
https://doi.org/10.1016/j jpowsour.2020.228649 .

9. Joshua Lamb, Christopher J. Orendorff
Evaluation of mechanical abuse techniques in lithium
ion batteries. Journal of Power Sources 247 (2014) 189-
196 p. hitps://doi.org/10.1016/j jpowsour.2013.08.066 .

10. Huang, Zonghou; Li, Huang; Mei, Wenxin;
Zhao, Chunpeng; Sun, Jinhua; Wang, Qingsong (2020)
Thermal runaway behavior of lithium iron phosphate
battery during penetration. Fire Technology volume
56:2405-2426.  https://doi.org/10.1007/s10694-020-
00967-1 .

11. Binbin Mao, Haodong Chen, Zhixian Cui,
Tangqin Wu, Qingsong Wang (2018) Failure mechanism
of the lithium ion battery during nail penetration.
International Journal of Heat and Mass Transfer V. 122:
1103-1115 hitps://doi.org/10.1016/].ijheatmasstransfer.
2018.02.036 .

12. Y. Fernandes, A. Bry, S. de Persis (2018)
Identification and quantification of gases emitted during
abuse tests by overcharge of a commercial Li-ion battery.
Journal of Power Sources Volume 389, 15: 106-119
https.//doi.org/10.1016/j jpowsour.2018.03.034 .

13. Lazarenko O.V. (2021) Analysis of the causes
of fire in electric cars // Proceedings of the XII
International Scientific and Practical Conference
«Theory and Practice of Fire Fighting and Emergency
Management», pp. 33 — 35.

14. Panasonic NCR-18650B Lithium-ion/NNP +
HRL technology. Pexxum JOCTYILY:
https://www.imrbatteries.com/content/panasonic_ncrl8
650b-2.pdf-

15. A. Perea, A. Paolella (2018) State of charge
influence on thermal reactions and abuse tests in
commercial lithium-ion cells Journal of Power Sources
399:392-397
https.//doi.org/10.1016/j jpowsour2018.07.112 .

Fire Safety, Ne39, 2021

55


https://doi.org/10.1016/j.ijheatmasstransfer.2018.02.036
https://doi.org/10.1016/j.ijheatmasstransfer.2018.02.036
https://doi.org/10.1016/j.jpowsour.2018.03.034
https://www.imrbatteries.com/content/panasonic_ncr18650b-2.pdf
https://www.imrbatteries.com/content/panasonic_ncr18650b-2.pdf
https://doi.org/10.1016/j.jpowsour.2018.07.112
https://www.europarl.europa.eu/RegData/etudes/BRIE/2019/637895/EPRS_BRI(2019)637895_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2019/637895/EPRS_BRI(2019)637895_EN.pdf
https://netherlandsnewslive.com/this-country-may-sell-the-last-non-electric-car-in-april-earlier-than-target-for-2025-car/246362/
https://netherlandsnewslive.com/this-country-may-sell-the-last-non-electric-car-in-april-earlier-than-target-for-2025-car/246362/
https://netherlandsnewslive.com/this-country-may-sell-the-last-non-electric-car-in-april-earlier-than-target-for-2025-car/246362/
https://theicct.org/sites/default/files/publications/update-govt-targets-ice-phaseouts-jun2021_0.pdf
https://theicct.org/sites/default/files/publications/update-govt-targets-ice-phaseouts-jun2021_0.pdf
https://dx.doi.org/10.12845/bitp.52.4.2018.7
https://doi.org/10.32447/20786662.37.2020.08
https://doi.org/doi:10.3390/en12061074
https://doi.org/10.1016/j.rser.2017.05.195
https://doi.org/10.1016/j.jpowsour.2020.228649
https://doi.org/10.1016/j.jpowsour.2013.08.066
http://dx.doi.org/10.1007/s10694-020-00967-1
http://dx.doi.org/10.1007/s10694-020-00967-1
https://doi.org/10.1016/j.ijheatmasstransfer.%202018.02.036
https://doi.org/10.1016/j.ijheatmasstransfer.%202018.02.036
https://doi.org/10.1016/j.jpowsour.2018.03.034
https://www.imrbatteries.com/content/panasonic_ncr18650b-2.pdf
https://www.imrbatteries.com/content/panasonic_ncr18650b-2.pdf
https://doi.org/10.1016/j.jpowsour.2018.07.112

