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ELFfSZC
A Miskol ci Egyetem sz8mos k°zl em®nyt jelent
a tudom8nyos ®ljeltRd &g H eRzd ®tilafehseheegie dezl viham saz n 81 8§ s t
timaliz8l - innovat?-yv rrehdss®gi ffegderasz®sle ®g
sz8§mB®M&e 2 mT konferencia el Ra dlésonikusk-iladiha@B8ay al t

20201.1.2PIACI-KFI-202000138a z 0 n 0 s 2 projektbenfSoniy t at ot t kut at - r
Yaj abb k°zl em®nyeit tartal mazza.

A 20201.1.2PIACI-KFI-202000138a z o n 0 s 2 tVillanwsegergih,e |Ahaszn 8§l §st
timali z8l - innovat?2yv Irekhdsg&®gi ffegdyeasgzt®ske ®F
szg§mgeamT projektben a konzPoweQuaitnmZriv elz&®ttjRd € le.
projekt konzorciumitagjaBerrV 8§ z &d ta Mi s k oApcrio jEegkyte tleemg.f Rb b ¢
intelligens akkumul 8toros energiats8rol - rend
| akoss8gi fogyaszt: -khok, Rhaowmdmh&l kalamas hlozeli
vekben t°rt®nR al kal maz8sra is. A projekt k®
az ipari ®s | akoss8gi febhdsezn&Elsgzsr®es es z28Sn ti nrr
A m8si k projektr®sz kifejezetten az el ektror
al kal mas buszokra koncentr 8l

Aproj ekt sor8&n c®l ul tTzte¢k ki, hogy kidolg
motorral szerelt aut b8 stzorkt @n Fetk tr aol@#oks? tarfedg Shia:
amTszaki ®s g¢afzidpyseSlga mmoeuv ®tmaulm®v el . A kutat - mu

a rendel kez®sre &lgll°ndb?2aRi micdalarkd k a®ts ®&saz das
mint k°rnyezet.i hat 8svizsg8l akijpklat!| ®®yge zk gmnk
| ehet s®ges aut - buszomke ki°@redleRaimel ek JFehéeémkPrs
aCNG ¢zemT seal-dkt rhama@zokmeghajt §s%vEg tort®nR &
SR®Rg®s T motorral szerelt buszok k°zg¢l

Jel en ki adm8 s gsdzakkpasoz erkaak kut at 8si eredm®ny
m®n ynenkcsals zaki rodal mi forr &szo ke | tsaR§PIntrA &nzy Hm28ts 3
l ami nt m®r ®si eredm®n)y etkarbemuk an 8rs®tr aj kwa<clea
maz, amely a megval: -s2t8si folyamat fontos e
Aproj ekt fvenrted Rs®glea katt &t a kpulintkah "2 R sz ak 8§ga
tudomEny aseWkenys®gnek sz2nvonalas publ i k§l &

nalatas z e rbviezzoR t s8§g azzal i's biztos2tani k2v8nj
ci kk alapos |l ektor&8l 8§si folyamaton ®s szerke
l i k8l 8§8sra el fogadott ci kkheokg ymaag acsi kskze?zkn vl oenkat | o8r
den esetben t°rekedt ¢ mk fa,zg gaedtoltetn skzuatkatte-rt¢,l estz
A | ektorok ®szrev ®tkel eciztz ed d zserezd FRks emge€ghkvaep a
j el en®s ®t A |l ektor8l 8s alapos ®s szakmai l ac
|l ektorokra, ami ®mlifgemzii onmal am&AsyP nktzr emTk?©
Kelt: Miskolc, 204.8 pr i | i s 22.

Tudom8nyos Bizotts§8g
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A JCRM[F[TES{IELiLﬁZTETESI RENDSZEREK FE

TECHNI KCI NAK CTTEKI NTE£SE

REVIEW OF VEHICLE HEATING AND VENTILATION SYSTEMS
DEVELOPMENT TECHNIQUES

AHMED Manaf Noofal Taha?, BENCS P®t er

*doktoranduszmanaf.noofal.taha.ahmed@studentomskolc.hu
Mi skol ci Egyetem, GO®pO®sEm@®r qé kiik ®is ®nfVoe gnait p ki &
CramP§sHRtechni kai G®pek I nt®zeti Tansz®@

2PhD., egyetemi docenpeter.bena®uni-miskolc.hu
Mi skol ci Egyetem, G®p®szm®rn°ki ®s Informatikai Ka
CramPg&®t echni kai G®pek I nt®zeti Tansz®k

Kivonat:Ezak ut at §§r mTvek f

Tt ®si ®s szell Rztet ®si rendszere
i par ezekben az ®vekben teljes technol  -giai §tal akul §
bevezet ®s®vel . K¢lonopenkahvvBbakmas2as8ssSyeTeReripbvgms
ell en8l 1 8s jav2t§g§s8ra, valamint a belsR hR8raml s sz
féeégg®sben. A | ®g8raml 8sok ®sl ywo hRy aesanlesr@lgtte%«sunher@ﬁneﬁml
ezzel foglalkozik. A jav2tgs ®rdek ®ben Yaj  m®r ®si t ech
figyelembe vesznek. Ebbekait at® sp@mj §r mTvek f Tt ®s ®s szell RztetRr
nyait vizsgs8ljuk.
KulcsszavakHV AC, opti kai m®r ®s e k , BOS, | ®g8raml s, hRveszt

Abstract: This issue focuses on the potential for improving vehicle heating and ventilation systems. The automotive
industry is undergoing a complete technological transformation in these years with the introduction of various
environmentally friendly solutions. particular, electrification poses further challenges in the context of studies

to improve air resistance around and inside the vehicle and to control and improve internal heat flows. The ap-
propriate level of control of air flows and heat lossesipriority and is therefore addressed in this publication.

New measurement techniques for improvement are highlighted and will be considered for further research. In this
paper, future development directions for automotive heating and ventilation systemglored.

Keywords:HVAC, optical measurement, BCGt#flow, heat loss

1.BEVEZETES

A fTe¢M®eslil,Rz®si ®s | ®gkondicion8§l - rendszere
t 8§si ter¢lete. Ennek oka a j&rmT magas energ
mos2?t8s8val a HVAC ®rz®kenyebb® v8likraa hRS8r
-az akkumgydkorolat k°zvetlen hat8sa miatt.

A j8rmTvek villamos2t8&8sa egyre i-kikiBhds Stz§krs
®s a kS8kiobbkmmsyy&tg8sra vonatkoz:- ad-szab8l yok n
Uni ban Mi ndazon8ltal a hagyoms8nybersvana8r mTv e
el ektromos -KBrimf@rek®\ EIV. Ennek h8tter ®ben az
sok szTk°s«&«®yu&s®g lai nB meg2t® ®se 8§11 [1].
A hagyom8nyos vagy el-ekhdemesej §f mfvebt HMA|
|l eszt het Rk a m®r ®si be8l |l 2t8sok megfelel R ki
rendszerekben el Rfordul - 8raml §sion®s eBRWKe sz? tk
ezen a terg¢l eten, ®s gyors fejl Rd®snek volt:
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| 2bb8§8 v8lt.sAbere®s ®gmn®k ®k ®pri®r @9 e R s 5®lhé s ek
mazz8k k¢l °nb°zR al kal maz8sokban, k¢I°n°sen
l °nb°zR rendszerekbe val: - integr &l &asdkhdmresealt
ciklust, ®s tov8bbi fejleszt®seket induk§8Il na
az ilyen optikai m®r Rr erehdzsearea KRbek t& rjt BmT vV e
csolatos szakirodal n@s aSdcami®@irk®rs ekk,,| °anrfiesleyne ka &P |
mer 8k ®s a k®pal kot 8si techni k8k fejl RI®s ®ve
Ebben a cikkberlaxtalknomuljStranTwsek (BEV) hR
l al kozunk. B zeuntdS8snz ear ekk\bAe@h v ®gzett optikai m®
d§j 8§t mutatjuk be, -amebgekr ®bpBr mTkakbheYAEt -

®s innovat2v optikai m®r ®si mergeddfzsok@he mut
22AZ ELEKTROMOS JCRMDP AKKUMULCTORCNAK KEZELES

A hRm®r s®kl et d°ntR szerepet |j8tszik az akk
vek eset ®beom. akkluzmtuil Bhor ok mTk° d®si hRm®r s ®k
van. A magasabb hRmM®roecm®kdkku misl® Kthe®mh tdSi ukhl u4shg A
on ennek az akkumul 8tornak a ciklussa8m&r332
t ®n R emel ®se a ci kl ussz8mot 800 ciklusra ¢cs
akkumul 8tor teljes2tm®ny®nedn806°kkkh®s®ut ko
mul §tor teljes2tm®ny®hkkendPhmdSDESi BROUWS ut §r
m®ny -a7 0c% ° kken [ 2] .

Ezt a probl ®m8t az akkumul 8tzo ra khkRuknmeuzl e8It Fo rr ean

ol dott 8k meg. A BTMS fR funkci-ja az akkumul
hTt ®sselnekh BAMBos t2push. | t®FmI2INKEI ®tezd¢lRét
ALi-i on akkumul 8t orokat az alacsony hRm®r s ®kl
t §suk cs°kk®rmAC RP®I2d, 8ulAh kapacit§s¥% akkumul §1
bess®g medhewcts°kkeénAhvagy erla ecmsko6iZidfe heisde s tb@ni
sebess®g fenntart8§sa eset®n. A probl ®ma keze
maznak.
1. A folyad®kf Tt ®s egyenletes hRm®r s®kI| et et
nagyobb a hR8tadS8si hat ®konys8ga a | evegRvel
2. Vezet ®ses fTt®sr RI akkor besz® ¢nk, amikoa
cell 8khoz vannak csatlakoztatva, 29gy a hRves
1.8b | 8K¢alt°nb°zR BTMS t.2pusok hTt ®she:
BTMS t2pu Megj egyz®s ek
- Kl ts®ghat ®kony,
- Egyszer T,
L®ghTt ®sq¢ - Biztons8gos,
- K°nnyT,
- K°nnyen karbantarthat
s - Nagyobb hRteljes?2tm®ny
Folyad®khl v pp nhatssfok
- A nagy mennyi s ®gelk hlIRF ted
PCMal ap ¥ nek k°sz°nhetR.
- Az ut - bbi ®vekben sz®I ¢
HRcsR (HP) - AHPkcsek®ly mennyi s®gT
ad- cs°vek
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Hibrid - Egyes?ti k®t -t gy ted Rm
- kike¢gszoboli a kombinS8ci
: - P®l d8ul : hidrog®l ek t €
1 ’
Egy ®b Yj ab g®@n .
3. A bel skR hfalstzGs§ | j a az akkumul 8§t or magas i my
az elektrok®mi ai reakci - b- | sz8rmaz- jelentl
gtfolyi k [2].

3.0PTI KAI MERESEK HVAC RENDSZERERBE MLAKAL¥VFi BE
MAZCSOK SZCMCRA

A m¥%l tban-m®r®sh!l itercdmi K8t mi nRs®gi m®r Rr end
le-8r aml 8 s m®r ®s he z -k(RpBA)b,e s A&V ®cshlee (Pl V) ®
k®pest. Mi ndazons8l tal a digits8ligsekPRdPEoeteSB
Schlieream®r ®s kvantitat2zvabb m®r Reszk®°zz® v§lt,
NRs®gT &§raml 8§si k®pal kot §st biztos2t. Ezenk?
a belt®ri |l evegRmi nRs®g, Ja. hHR&totm®ror3c WRIsi ear eV
egjelent Rsebb ®s | egw% abb fejleszt®s a S
tt a hordozhat -s8ga ®s a term®szetes h§t
n sz®l es | 8bbméeRe bBkkboa2tmi hegal B8t t ®r
OS az 8raml 8si mezRben | ® R sTr Ts®ggradi
t ®r mi nt 8§z megjelen?2t®s®re. K°vetkez®s
ra ®s a Kk t t h Rnrr®rnsdRskzl eest @ € raeddagh @akkr car. o | Al
re k2s®rl etet tartottak egy
®kl eti mezRj®nek vizuali z§gl
er
es

a
k
t

nw N —
o

)

®rrel el t ®r €2d8m @GnRymeRkr est® kkl aept ti u ngk®.r bERzt u t° &
nyezeti ®s henger ke rnyezettel, egy hS8tter
m®nyeket szolg8ltatott |[5].

Az opti kai m®r ®s e k hagyom§n o0s motorba to°ort
az ®g®si visel ked®sre gyakorolt hat8s8nak ny
be8l Il 2t8s8t vizsg8lt8k. Ezek a to@ltj &kaen mo®rab
a m-dos2tott, telles8bp@pgitlkadij emenorf ®mbRs d k®=5 -
nami kai k2s®rl etekkel vizsg8ltuk. A teljes t
rai bol ya endoszk-pgy'br'ﬁwmgesrzparlélstt@l@sfal heam
be. Ebben az elrendez®sben mind az ®g®st ®r ,
v8l tozi k. A teljes optikali mot or elrendez®s
hal szem endos zk ap kaglyy &«t tke putf otgt- szel epet , arl
ar gnyt -eAn dhoasl zskz-epm 180 f okos sz°gben, 45 foko:
Az el sR ®s a m8sodik be8ll2t8s ©°sszehasonl 2
n®vl|I eges terhel ®st, mi k®zben az ®g®si | ell en
doszk-pgyTrT cs°kkentett hRmM®rs®®bee®raeak ekys
k¢l °nbs®ge el l en®re iskidbomst8drEsEdanesn Kz®rM M
50000s. Az el sR ®s a harmadi k be8ll12t8s ©°ssze
n°sen, ha a geometri ai ®wv B8 WkzeSks te Ifti gly-ed Earfte @
nak el l en®r e, hogy a hengerf al hRm®r s ®kl et ®|I
hTt Rki°Rzne®yr s ®k |l et nek ®s a ki hagy§8§sos te¢gzel ®si

Emel |l ettt a m8sodi k bjea8vlal s?otl8s at onvoStbobri km -bdoocss28tt
sonl 2that-s8ga ®rdek®ben a holt t®rfogat cs¢”
°sszehasonl 2that:- ®g®si vi sel ked®st mutatot't

7
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A hivatkoz8son kz2zv¢l [ 5], a maxi m8lis hossz
a ventil 8toros fTtRber endenz®®sResk®nfedkr rj-a vl?e vBesgBR
egy O ®SL:12n-]kh°ozs°stzt/hs,§gv1/®lpestzleemdsozerTnesg)§méng\®$n:az
sz8m. Nulla k®sleltet®sn®l az egyp-lus¥% MLS
a t°bbi k ®s3)e.l tlkea ®as ndekdvgnci a robusztus a Kk
ci 8k teljes hossz8t ®rameéeiy &zut 8§szaskibasze
m8trixba t°rt®nR 8talak2t8s8nak techni k§8j a,
s2t8si jellemzRkkel alkalmazzuk. V®g¢l a sze
a h8tt®rjav2t SsniRsm®gdls zResr skiinva8 |k ®pmet er-edm®ny
be§l 1l 2t8shoz tov8bbi eszk°z°%ket kellett wvoln
[7].
A valtozas mértéke az eredeti motorhoz képest
Minimalis Konnyi Kozepes Maximalis
Oldalsé ablak
Endoszkop
Endoszkop Uvegszal Hosszukas | ]
C dugattyt
le. .+ )x
d n'ILLI:I’:;]I"Z(:iU Billentett
* = tiikor
| |
I\k//‘ "\\ / y "‘\\_/ /’\
1. 8Braoptikai MmM®r ®sek. hozz8f ®r het Rs
A | ®gkondicion8l 8s ®s az ember.i k®nyel em t G

vizsg8lt8k. Az emberrel anal -g, fTtott pr-bas
nagy ®r z®kenys®gT Schlieren optialkb@gibub dmRd vae 3
nak k®p®t az 8raml 8si sebess®g mi nRs®qgi adat

termisztor ®s a forr-dr-tos 8raml 8sm®r RbRI Kk
A2. 8lb§t8mat --bSckhder®8 a k°vet kezRkbRI g1l |

1. G°mb al ak¥ t¢sgkor.

2. F®nyforr8s (LED)

3. K®s ®| T Schlieren | ev§8g§gs

4 . Digitsg8lis kamera

5. N®gykerekT kerekek

6 . H8rom szintezRbubor ®k.

7. Nagy k®zi ker®k a t¢¢ik°r magass8g8

8 . t ¢cW8n&Pz®p magass8g8nak szab8lyozs§
A m®r®si mTvelet elve a k°vetkezR:
1. A t¢k°r tengel y®nek go°rbel eti sugar 8§
2 . A t¢kor visszaveri a f®nyforr8st- -1 e

8
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| ®v R hRt°l cs®rrel ¢tk°zik, ®sobjekgmmindanzponr az Y
j 8n azonos f®nysug8r halad §8t.

3. A hRt°l cs®r hat8s8ra a sugarak megt?®
rethat 8§rol - 8l tal | efel® megt®rnek. Ezzel sze
t°rnek meg. Ennek eredm®nyek®ppl&kn az 8r aml §s

A pr-bab8bu felsz2zni hRm®r s®kl ete 34 AC, am
erenRk ®pek el k®sz2?t®se uts8n a k®pfeldol goz8shoz
k®pekbRI kinyert adat ok at ®s az kKatatmR §a3 m®n ®
al ak¥pGadisd okat eredm®nyez; mindazomBIrtResl t u
k°z®pvonal bel i (CL) sebess®g®rt®kei feleanny
arra | ehet k°vetkeztetniPmbR&kgehas POYR®s®laei 8§
ren®r t ®k ek k®tszeresei. A -Weotvagoata®s @tz ea jzRn leo te
belt®ri | evegRmi nRs®g ®s a hRkomfort el emz®s

2. 8bcrhal:i eren k®pal.kot8si elrendezgG
4. A JCRM{ VEK HVAC ME£RfiBERENDEZ£SEI NEK LEGDHDJAB

Ebben a szakaszban a | Sremldvsezkebreenk atlekracl | nmeat z®nt

l esztett optikai m®r Reszk®z°ket mutatjuk be,
szerekbe. A LaVision az egyik %tt8r@yal®Pgukze
fejezet v®g®n r®sz|l etesen bemutatunk egy, a
|l etet, amely szint®n kombing8lt optikai m®r ®s
A hengeren bel ¢l i 03.tiBhbaa akmoptuofroge-1gz8Rz (ki oOnCcSe)
a g8z hRmM®r s®kl et ®nek m®r®s®re szol g8l-- eszk
es tartom8nyban) A | 8n terjed®si sebess®g®
stb. m®r ®s ®r e dohehgpobek@patbbt§9nalkalmas.
megvil 8g2t8st ®s v®gzi a k®pal kot 8st nagy f«
Ezenk2v¢l sokoldal a ®seaambt m?t hBh¢s;vghyoeldek, i
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3. 8Bndoszk:-pos hengeaeandszr[p2tett k®pal

APIVt echni k8khoz 8tt ®r ve, a hengeren bel ¢l
hengeren bel ¢l Sk @mz Res®s mez Rk , k aze N®kk ®p z Rd
n8l A8k BBlvea PIMVen al apul. A forgatty¥wsz®°ggel fe
k®pal kot 8s i mpul zusl ®zer f ®nyl apokat haszng§gl
mi ni m8Il i san inva22v e n d cesoz kv-apscBkskoakla.t A nft eergg B8t
dol - jeleivel, hogy pontosaemmydmaint K°mehhea
sos, a hidegind2t8sos ®s a gymel 2k B8si° nlzetmie
ni m8lis optikai hozz8f ®r ®s, a hengeren bel ¢I
a k®pal kot8shoz ®s a bapntegzkl pgdt §9g8hagt ®s
m8si k PI'V m®r Reszk®z, de most m8r a r®szecsk
a FlowMaster PIV rendszer, amely az 8raml 8§s
het Rv® teszi a d&8ivivlkez®nil ®$Ith at®sk aelg@ayt am8si k s
m®t erei vel. Ez egy pontos ®s ©°nkalibrg8l - m®r
zRt tud m®&rni. Tov8§bb8 nagy | 8&vemBu&&kK-8s®s k@p

§raml 8si m&EsRk al estzeop kpgBhéer a3rDobot nak 5k° $hr Bhet
Tovg8&§h§ gaut atj a ennek a berendez®snek az el r.

Kamera
endoszkop

4, SBengerbe ®p2tett | ®zeres k®pal kot

A j8rmTvek belt®ri 8&raml §sl8nrak ®p zIuR | Flz§il &M
kel ts®ghat ®kony ®s egyszerT alternat2v§gt jel
a6 . §br &t k®sz ¢l ®k rendk2v¢gl ®rz®keny a | eveg
EgyszerT a be8ll2t8sa, ®s rugal masan haszn§gl

10
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vagy el Rk®sz¢l etek n®l k¢l . Ezenk2vg¢gl val - s i

60 favoka tart6 allvany
hélium buborék adagoloval

Teljes méretii
autoémodell

5. 8PrawMast er PI'V ®s PTV rendszer el |

a;i_—.-]

- . o -
L P

TR I

e

[

BOS minta
6. 8§brait dMast er BOS rendszer elrende

A Miskolci Egyetemen egy kapcsol -d- k2s®rl e
a hR8raml 8s ®s az °rv®nyek m®r ®s®r e a hRcser:«
| ®t font oss8g¥% al katr ®sz®nek teki8nt me thl Rm®A s k3
mezR ®s az 8raml 8§si sebess®g egyidej T m®r ®s ®
Egy k°r alak% hengert p8rhuzamos 8raml 8snak
l °nb°zR hRmM®r s KLl e glb&t8haty a4 tim@®r Rred A pAséar Sedy
eren -WIsV 2tiDendszerr el °sszekapcsol t, a PlV ka
ki menet®nek szinkroniz8l 8s8§wrandzakg8legykiobml
egy kettRs Kk@pneo Elble@t,iCredguyl-¥ AG ols ® Vel r b-§éft; egy
ver bRI ®s egy mar kol - k8rty8b-1; wvrandszemegnt egy

11
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obj ekt 2vbRlamee §y - CC Dfe®nyy fSocrhrl 8 deliRlelns zeody vVRCTr el
firewire-kk 8r t y8b -1 ; vdlogkmi®cktbo REc Bllil er éAn m®r ®s i r ®s z
forr8ssal t°rt®ni k. A PIV rendsszemrban se bre@Bsz
kek®p sTrTs®g®tRI, eltol-dg§sgt- -1 ®s 8§t m®r Rj G
m®t er eket optimaliz8l tuk, ®s a zaj eltgvol 2t
kzv¢gl az ut - fel dol goz § sdkalmaztakia RIkm®®leiks ek o rAr eSlcg
renr endszer a8rhaRM@8rsst®km®rti , ®s pontoss8&ga a hs§

a Schlierem®r ®seket s°t®t szob8ban v®gezt ®K. Ezen
egypont os hRmM®retek kb Sahlierssf®® sk ut° glzdgos fel dol g

|l 8sa c®l j8b-1 [T7].

AS8. 8PIV-aendszer (balrrendsksera (Scohblbirear)ennyer s
mut atja. Ezen az 8br8n mindk®t k®pen ®szreve
j -1 1 8that- a |levegR sTr Tsk@keK °a blstRinren amdpv d

k®pek kinyer ®s e ®¢kfdod ky®bneant oeng ymedhe veakr pkiler®ge s z t ¢
peket maszkol 8ssal dol gozt §kmefzeR ,k GBpse i& by 8Ak a |
| 8t hat - mintak®pek f 8l d&lbytgmaSts-§,n akmelr eedmMm®miyre
Il et i mezRt, mind a sebess®gvektormezRt megka
erenk ®pek m®g tov8bbi jav2t8§sra szorulnak a ns

meg fogjuk val - -s2tani [ 9] .
Tiikor
%
N
Futott henger { If
Fényforras
C PO OOPOOOOOOOOOOAL ]
— j\
—_—
Aramlas irdnya Ablak > PIV Szélesatorna
1ézer sik fal
e
( OO ]
SChlierel’l * Trigger PIV PC SChlieren
kamera egység PC
= H
Schlieren N\ \;’ ] 5
keés éle ’_ —| =
szamitogeép szamitogep
Tiikor
bLY Videokabel
kamera

Videokabel

7. SArhkh2s®rl et el rendez®s®nek v8zIl a

12
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' Aramlas iranya

8 88PBI¥: (balra) ®s Schlieren (jobbra)

‘12.

0
L€l

y-koordinatdk [mm]

20 -10 0 10 20 30 40 50 60 70
x-koordinatdk [mm]

9 S§HRm®r s®kl eti mezR ®s sebess®gvek®pfmézR
dol goz8s uts88n [ 9]

5, ¥SSZEFOGLALCS

Ebben a tanuilkm8§nykmpre sod aEWvWs termi kus | ®gS8r
csolatos k®rd®sek, valamint a szakirodal mi 8§
tat8sra. AmPePsektfebha&kan8l §s8§t ®s azok ha
vekbe t°rt®nR integr 8l 8s8t t8rgyaljuk. Tov§ghb

mTvekre specializ8lt optikai m®r Reszk®°z°k fe
tkaieszk°z%°ket, hogy azok integr 8l hat-k | egyen
vek HVAC-rendszereibe.

Egy Y onnan megval -s2tott k2s®rl|l etet szeml®
| 8s m®r ®sr e. Ez a k2s®rlet a j8&8rmTvek HVAC t e
t ®sre szorul . Ennek eredm®nyek®pmeg kel kegyali
s2tani

13



20201.1.2PIAGKF2020-00138 - a

AtEr YZFSERENBYH €1 40
2484t 3A F23elalds] S

¢ N

-

(&
U S
—h >
w <
—_——
cn
=z >
B —
< -
ml—h
ax ul
o >
<
zs

*
ipari-z £ I {

6.

[1]

[2]
[3]

[4]

[5]

[6]

[7]
[8]

[9]

FELHASZNCLT | RODALOM

|l . CVOK, | . RAT K O,VMiti-objegtikedptithisatio&sedRlesign of

an electric vehicle cabin heating control system for improved thermal comfort and driving
rangep Energies (Basel), vol. 14, no. 4, Feb
P.BENCS Busz hTt®si rendszerek §tteki3nt ®se
pp. 3634., 5 p. (2023)

A.W. GENA, C. VOELKER, AND G. S. SETTLESQualitative and quantitative schli-

eren optical measurement of the human thermal plume | ndoor Air, vol
7571 766, Jul. 2020, doi: 10.1111/ina.12674.

G. S. SETTLES AND M. J. HARGATHER A rigview of recent developments in schlie-

ren and shadowgraph techniqgue®é Measur ement Science and T
4. Institute of Physics Publishing, Apr. 01, 2017. doi: 10.1088/65®1/aa5748.

P.BENCS,; SZSZA B ¢R.B OR D C SDOMINIQUE AND Z. KATHARINA .: olnf-

luence of Background Pattern on the Temperature Field Measured by Background Ori-
ented Schlierai In: National, Academy of Sciences of Belarus Luikov Heat; Mass,
Transfer Institue (szerk.) ISF¥5 The 15th International Symposium on Flow Visuali-
zation Minsk, Feh®ror el8.z®®p.sz8g : [s. n. ] (
S. KARMANN, S. EICHELDINGER, M. PRAGER, M. JAENSCH, AND G.
WACHTMEISTER, Exjperimental comparison between an optical and armaital

large boreengine 6 I nt ernati onal Journal of TEngine
1238, Mar. 2023, doi: 10.1177/14680874221082794.

M. J. ADKIN AND J. LAMB, Laige Field Background Oriented Schlieren for Visuali-

sing Heated Air Projection of Fan Heater® 2 0 1 4 .

ALAVISION AUTOMOTIVE INNOVATIVE MEASUREMENT TECHNOLOGIES 0

Accessed: Feb. 15, 2024. [Online]. Available: https://www.lavi-
sion.de/en/download.php?id=1316

P. BENCS; SZ. SZABSimukaddous®™easubeént ofVelocity and
Temperature Field Downsltm:ea@aro,f 2l adteaan ;e dK1
Pepel njak, Tomag (szerk.) I nternati-onal C
TECH 2012

14



2020112PIACKF4202000138 a+xAffF YFESEREMBYH £+ &l GAYILEATHES AYY:
ipari-= F12aat 3AaA F23el &l s $é f‘luN:evza 2t NJ
AK¥ZLEKEBPESLfDESE SOR’CN LEHYTSE GES
I ZEMANYAGAI NAK CTTEKI NTESE

REVIEW OF FUTURE FUELS IN TRANSPORTATION

BENCS P®t er

PhD., egyetemi docengeter.bena@uni-miskolc.hu
Mi skol ci Egyetem, G®p®szm®rn°ki ®s Informatikai Ka
CramP§sHRtechni kai G®pek I nt®zeti Tansz®e

Kivonatt A kut at 8s el sRdt ggesRa®yaggal fmE§k2dRi s8rmTvek ¢ve
gyakorolt hatg8s8nak V|zsg§lata. Tekintettel a mTszaki
j 8rmTvek fokozatos kivon§sa egyre gyesrss®gl®neik pmiiedr rRbtbs
a k°zleked®sben. Ez a tanul m8ny bemutatja a k¢l °nbo zFE
s®g®nek el ®r ®s®re (k¢gl°n°s tekintettel a kombing8lt te
j 8r mTavteks 8t az ¢vegh8zhat8s¥% g8zok semlegess®g®nek el
alapj 8n megmutatja, hogy a k¢lonb°zR technol - gi 8k kom
t ®s®ben, mint egy teljesen tiszta technol - -gia.
Kulcsszavaky zemanyag, k°zleked®s, ¢(vegh8zhatg8s, d2zel

Abstract: The primary objective of this research is to investigate the impact of fossil fuel vehicles charsen

gas emissions. Given the potential for techogical progress, the phasaut of fossil fuel vehicles is accelerating.

The priority is to achieve gesrhouse gas neutrality in transport as soon as possible. This study will present the
impact of different powertrains on achieving greenhouse gas neutrality (with a particular focus on the impact of
combined technologies) and the impact of bgt&ectric vehicles on achieving greenhouse gas neutrality. The
study will show, under different scenarios, that combining different technologies is more effective in reducing
greenhouse gases than a completely clean technology.

Keywords:fuel, transport, greenhouse, diesel

1.BEVEZETES

A | ®g k-fioxid wziati@403pprk oncentr 8ci - ban riaszt szin
®get ®se sor8§n a sz®mpteszd8ki - - -p8phltbb8S8kEsmantr
g8zkibocs8t8&8s |l egnagyobb r®sz®t [1]. Ennek e
s®kl et az iparosod8s el Rtatli esm=zil kteldez tk ®Rgst A
l eged®s | agysBitl&8sa8B swa gk iRbens &t Szt®ncs°® kkent
gyom8nyos fosszilis t¢gzel Ranyagokt - -Pno®ahi f ¢
kel l a tiszta ®s fenntarthat- t¢zel Ranyagok
bi o¢gzemanyagok azon foly®kony ¢zemanyagok kb?©°
zet v®del mi okokb- I egyre nagyobb jelent Rs®gg
Jelenleg a bio¢gzemanyagok el R8I 1 2t8s8nak n
m-dszere a napsug8rz8s fotoszintetikus befog
reve®n k®mi ai energi 8vsg8g§ t°rt®nNR 8§s ahhakdp&sa&rtg
a n°v®nyekben t8rolt k®miai energi 8vsg§ al ak?2t
|l ad®k, amelyet k®sRbb bio¢zemalnR&lglget s k2 t |a:
jelenleglblomasszael dol goz§3| m - df s°zl edrt eekr ¢al zeot nebkaent n®asg yn .
nek. ¢€gy az ®l el miszertermel ®ssel versenyezyv
sul ezek a m-dszerek °9sszess®PHp@menmnzalEgyecry t
mok Energia¢gyli Mi®ntirsezhto®&rtiau neaz (EDCeEK)t r 0 ¢ Z e ma n
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|l etve az ¢zemanyagok nem fotoszintetikus

A
2

tanul m8nyozza ®s fejlessze az Yj m-dszer eke
m

el ektro¢gzemanyagokat energiat8rol 8si t

>
N

(S

cell 8k seg?ts®g®vel nyert napenergi 8t Kk®mi ai
gi 8t a g8z vagy az energiahordbhenyk®mzal RaRhy
kozott. Tovs8bbsg, mi v el k°z|l eked®si cZemanyag
m8r megl ® R infrastrukt%r 8t, 29gy a sz8I|l12t8§8s
k°zel m¥%“l tban e t ®ny ez Rkmaenryeadgno®&n ysezk8®&mots aazu te:|ge
keltett®k fel, p® d8ul a Porsche ®s a Mazda
A hidrog®n is haszn8l hat:- energiahordoz:- k®n
vel , a mi sokkal alacsonyabb, mint a benzin®
hRm®r s®kl et sz¢ks®ges a t®rfogat®sebergoasig
san sz§8lIl2that- [10].

Az ¢zemanyagot olyan reduk8lt anyagk®nt | e
energi 8t tud felszabad2tani, az oxid8ci - ti:¢
t°rt®nNR ®get ®ssel vagy oxid8ci-s m®amakdhiaskhals
energia keletkezik [11]. Sajnos a szakiroda
czemanyagok kifejez®seket n®ha felcser ® ve h
Ridjan et al. szerint az alnglatgrod ¢ 7 emamy g g aklnie
anyag el R84tl 2hta8ssz8mh&lz fCRO f orr 8sk®nt; ez az ¢z
szerekkel 8l 1l 2that- el R. M2g a szintetikus ¢
b-1 termok®mi ai S8t-zlagk? to9sy®koalyREgzeEmbaytgoy

gokmgj el °| ®s®r e haszn8lj8k [12], p®l d8ul a sz
rep¢tcRe@®@mnyag, g8zb-I1 folyad®kk§8 (GTL) el j 8
got k®t fI,Ehmtdse &8l ¢ 2 tHainoil;- gazaiel8tRAla kC€® §s a
anyagg8 [14], a m8sodi kg 8pze dRisg aa zv 2%zj real heakstzrnool s
hidrog®n kombin8l §s8val el R8I12tott ¢(zemanya
Azla. a8 braapenergia k¢l °nb®°zR energi a8tal ak?2t
®s az el ektro¢gzemalrby agBobkrapehnh®@r gBEb: - m2 g @ik oy 2
el ektro¢gzemanyagok fel® vezetR %YWtvonal akat n
rg§sok ®s t8&panyagok, amel yekbRI bi o¢g¢zemanyag
anyagok el R8Il 2t8s8ra [3].
r

A szaki odal omban n®ha a f®m¢zemanyagokat e
rok®mi ai redukci -s reakci i r®v®n 811 2t) 8k e
giaforr8sa villamos energia | ennet,r oackzkeonma neyza -
goknak [16]. RARik®Pmspael Ranyagnelt f®®mM t ¢ izel R
helyre sz8II12tj 8k, ahol el ®geti k k°zvetl eng!
®get Rben [ 17] A Brynolf etkk®bememi®p) ban e
anyagok el R8I 2t 8si k°lts®geit k¢gl°onb°zR m- d
t ®se vol t, a m8sodi k egy r®szletesebb szaki |

konys8gi k°lts®gekatz®sahaeB8ehokgkalt Rany aagbhk
pedig sz8m2t8sok sorozat8nak el v®gz®s®vel a
tat 8sban ®s szakirodal omban tal 8l hat - -adat ok
h2v8sok ®&szeamraneg/lagktkr ot ur bul ens ®get ®se el Rtt
szerint, hogy folyamatos kutat8sokra van szg¢
z ®s i k®pess®gek megfelelR szintre kerg¢ljenek
nyos eszk®zz® v8§ljanak a j°VvVR ®g®ster m®kei nek
kint®snek a c®l ja, hogy a k°zel m%“ul tban- el ®rt
ken az el ektro¢zemanyagok terg¢gl enwwagol me®mi &
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j 8t ®s az el R8Il |1 2t8sukhoz sz¢ks®ges reakci -k
| 2t 8sa az elektr ®z2®@kaenwWaPdk ®laétaeni hitugazdas
Ezen t % menRen ez az 8ttekint®e| Kietd®@rs Raze &F®
ez hogyan befoly8solja a teljes2tm®ny¢ket ®s
val - integr8l 8sukat
Bi odzz
— Al — Korsze
J bi 0¢zeme
1@ —p P i1 0l 2;
I . m— Biomassze Etanol
otosz — Korsze
Q bi o¢zeme
K®mi
—)  Metanol
LEIektronok/ Kat al Met §
reduk Elektromos ) Kor sze
egyenc édZeman bi o¢zema
T
@ §pr:1-{ré)) Kor sze
_2> bi o¢gzem
H, Reduk§l - —_—
@ Savan N
nyersolaj
e CO,
1. 8bap:a napenergi 8t-1 a bio¢gzemanyagok ®s

b°zR energia8tal ak?2t8pi 8ubak:- bk¢sbh°bbderRakoor
g&vagy foly®kony t¢gzel Ranyagok el RS

2.A K¥ZLEKEDES DEKARBONI ZCLCSA

N®met or sz8g, amely az ¢(vegh8zhat8s¥% g8zok (
k°z® tarbeni kat 20L&8I ta ,a01608krti-zbseir ®Weegns | kl°at peol d
v8llalt arra, hogy jelentRsen cs®°kkent.i az ¢
sz8qgi ki bocs8t8&8s cs®°kkentdesd®Ri docs8hgal csekR
i r8nyul - er Rf eszzha®sged&ki mEa 3 §t 1y gyvelghe8rz®s ®h e
das8g8nak | egAkK%dl Skgeadz@sti§ b&gha nentc s Xk Rreln § ®s Wa M
nem az ¢(vegh8zhat8s%» g8zok kibocs &&sB3MEtnak er
COregyen®rt ®k rn-& 4y @& lgeE201d®n [Z1Damelynek mintegy 95%t a k©° z -
Yat i k°ozl ekle kB Ydhkekte-d®s 60e6mMO| yge®@mkhlhaszent kK ®s
g®pj 8rmTvek [22]. Az 8kihot€sds8meg&®kkeéAt ®s @
ben n®gyf ®l e megk®°zel 2t ®iexidi ®t enzkt 8a8ngkemah
i 8rmTvek ense§g§mak tr®kwenly®se, a k°zI|l eked®si m-
dok, ®s a teljes kereslet c¢cs®°kkent ®se [23].
addi g ez tRl saRtk°kz|l eked®s ener geti k aidioxBt menet
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mentes2t®sre irsgnyul t°rekv®s egy®rtel mlT ®s
mos k¢l °nb°zR technol - gi ai megol d8sa, p®l d8§u
a |l egjobb | ehet Rs®g(ek)et il lset RER: ir ma ndi zao myal
vitathatatl anul nagy szerNemeteygtszkk epgphbent
a k¢l °onb°zR technol - gi ai |l ehet Rs®gek hogyan
kintet ®ben.
21.Technol - gi 8k ©°sszehasonl 2t §sa
A k°zleked®sben az energia8t8l18s megval - s
technol -giai |l ehetRs®geRektobmpdok p8wimTaekakB
alap¥% ¢zemanyagcell 8s el ektromos | &8rmlTweskk ( F

(1 CEV), amelyek vagy a k°vetkezRkkel mTkeoedne
anyagokkal. A2 . Skzreanl ®l t et i a k?©° z ¥mein tke°sz?|teRkse®Rdn®sk sez
geit, amelyek a meg¥%j ul - ener giaauakrr 8sokb - |

@
4 HEF |

v

v
29
=

v

\ 4 -l v

= @D i e
Akkumul 8tor« !zemanyagcel Bel sR®g®sT m
(BEV) (FCEV) (FCEV)

2 8BAraal acsonkyi bsazc®n&dti Sosx¥ dk® z %t i k°zl eked®s a

gei [25].
ABEV-ek ol yan j8rmTvek, amelyek elektromos e
zet i akkumul 8t or biztos?2t, amely egy wvillany

o0s hat8§sfok8nak ®s a mechani kus enesgxgygmhe-®sz
t Ren, ek BruM at j 8k a | e g ma gowshaebed " ( 7h0a% 8k rokloit)
|

vizsg8lt technol  -gia k°z¢l [26, 27].

Az FCEV-k a villamosenergiz | | 8t 8s t eki nt et ®bketnRIk.¢, | £zn bP CH
fed®l zeten a sz¢i¢ks®ges energicdt i egeg®gleR| k
Ezt a villamos energi 8t azt8n ed&Vekhé¢z ah®@®mes
a rendszer egy tovs8bbi | ®p®st tartal maz, mi v
(hidrog®n) el ektrol 2zi Vat ] 8n t°rt®nR el R8I |
fed®l zet i 8t al ak?2t §ane,gfwillell Reontso-ad el § ieswad Svel
viszonyl ag al acsony (

, az |1 CEV al apvetRen
ter mel . Az energi ag§:
agy bi o¢ze msembgesg, ®s

A harmadi k technol - g
b RI mechani kus energi

S

f

5 ®s 30% k°ozott) [27,
a

t
szintetikus ¢zemanyag V
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1
® . A szintetilk

mTked®st tesz | ehetRv US ¢ zeman
sz®ndioxid. Az 8talak?2t&eir k®ep®hak 8sdloks §q
az °sszes | e2@%) R% ®BY Ezket szegnben @483y anyagb -1, p®I
mesztett n°v®nyekbRI vagy szerves hull ad®kte
l eg sz®redil egiednek tekinthet Rk, mi v el hel yil e
ennyit a n°v®ny kor8bBaalb&PvE8si (al yagmat @&
gi afel haszng8l 8§st figyel men k2vgl hagyva) [ 29
3. MERESI FELADAT

Oktat8si c®lra gy8rtott Gunt gyS8rtm8ny¥ ber
t §sBkatBh(rA g®pegy¢idttes ey teéepwsen gerzed mba toz |
csatl akfo@k a®pmm@aRI- 811 . Ahhoz, hogy a motorban
kapjunk, a kipufog-g8z °sszet ®t e-R®t 2 pss Vi m®g
berendez®s al kal maztunk. Ennek k°sz°nhet Ren
gyakorolt hatg8s8t is dokument&8lni tudtuk.

31.A vizsg8lt ¢(zemanyagok

K®t k¢l °nb°zR ¢zemanyag k2s®rl et d2zel mot c
kereskedel mi forgal omban is kaphat- nor m§l d
szerinti ©°9sszet®tel), amely az el RPAfd@gakrsals -
zal ®k bi o komp®setnerzs2Aza8 |l matl iuln k -kwives @&kl t
ezzel el l ent ®t ben 8t ®szterez®s n®l k¢l i nevaer
kereskedel mi forgal omban kakbaertpokm8A de me
irodal makban az alternat?2v ¢zemanyag el R8I | 2
i k [30].

3 8BrkR2s®rleti d?2zelfnidkteozrR @bse rae nhdoezzz®sk a
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Kut at 8sunk sor8&n arr - | szerette¢egnk volna i nf
d2zel motorra ®s annak kipufog:- g8z8nak ©°9ssze

is haszn8lt n°v®nyi ol aj hozkeve@ld.8sBa a2l gk Gsizagl
alternat 2 v -aidz e n®urnfyoagga t 25/238 z aal dRak ap endoi rgm 8nl a pdr2azfeolr,
olajat tartalmazott.

4. EREDMENYEK

Vizsg8l ataink sor8n mindk®tv®geremghky &@d Raame®

hogy az ¢zemi par am®t erek azonosak | egyenek,
mel tetve, a terhel R nyomat ®k ot n?©° vneylotngakt.®kA I
r- | I nd2tottukel amteOg 5t ®EmEbK° ve®R@®aI pont ok

ki, hogy0 5 Nme nk ®nt emelt ¢k a t-eghed®Rnahgygvaat ypel \b
a terhel ®s v8ltoztat8sa uts8n a m®rendR par arm

met -dust figye®heszakzReyr Naingpubl i k8ci - 8ba
Az ¢(zewaomgyagzt 8si adatokat ShEtSMEeEI ki k Akdj a
egy®rtel mfen megfigyel hetR, hogy az alternat
tartom8nyon 8t algolsan®°blb Shk®@age y @Y ny i szen
ol yan mTk°d®si k°r ¢l m®nyetk? kS zAka .i A It ®tbd 2 iek
Az egyi k, hogy az alternat2v ¢zemanyagkever
czemanyagnak; a m8si k ok az ®g®s mi nRs®g®nek
anyag 8t®szterez®s n®l k¢l felhaSza8atvinSzivosy
megnRtt. Ennek k°vetkezt®ben a porlaszt8s, @
fogyaszt8s azonban el t®°rpg¢l annak tudat 8ban,
fosszilis energiaforr8s teszi K i

0.5

X Qb
'S
QQQ © Alternativ

® Normal

o 1 2 3 4 5 6
Terhelo nyomaték [Nm]

o
~

o
w
p

Uzemanyag-
fogyasztas |kg/h)

o
N

4, 8pramanyag fogyaszt8s [ kg/ h]

5, ¥SSZEFOGLALCS

Strat @Gagisazinlomsgnak t Tnik teh§gt mi nden technol
al kal mazkodni tudjunk az el Rre nem | 8t hat f
kivsgr§8si strat ®gi 8§t , hanem az °sszes HehetR
kezdet i k°lts®gekkel j8r, de n°velheti az en
®s seg?t el ker ¢l ni a pill anat mydiaz RCEMNIra®s ek et .
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a ki ®pgda ®ERNEKI tkBristad@danivi szonyl ag
8lis k°lts®gvet ®sekhez k®pest.
§saink sor8n elv®gzett k2s®rl etek sz
Alternatzv megol d8sok a k¢l °nb%°zR ne
r ®s a jelenlegi ¢zemany agedkRb8a | (2itl8lseat)v.
|nkat tov8bb k2v8njuk folytatni nor m§ |
l jes2t m®ny T motoron). Az eredm®nyeink
8k nagy aut -ipari clRagtgae Ik a(p¥gjs §nz)e.many ag
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r
at
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6.K¥SZ¥NETNYI LVCNETCS

A szerzR h8l 8s az AVL vS8llalatnak a kutat §:
gat §s8®rt .
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A HI DROGEN:GZH,?NILCRI\/I; KNEBKCZATELEMZESENEK
CTTEKI NTE£SE

REVIEW OF RISK ANALYSIS OF HYDROGEN POWERED CARS

BENCSP ® t, NAGY N - P a

PhD., egyetemi docengeter.bena@uni-miskolc.hu
Miskolci EgyetemG®p ®s z m®r n° ki ®s I nformatikai Kar , Energet
CramP§sHRtechni kai G®pek I nt®zeti Tansz®e

% an §r s e.ga@@uni-miskolc.au
Mi skol ci Egyetem, GC®pO®saAmMPansker sz é intf @amima®3 KAny Qe

s

izemanyagr rekben (tart8lyokban, csRvezet ®kekben
nek a k®r d® a kezel ®s®re kell alkalmazni. A j°vVvRbD
fogn&k j 8t szani az ¢(vegh8zhat8s¥% g8zok kibocs8t&s8&nak ¢
kevetel m®dny |l esz. A vizsg8lt kock8zat®rt ®kel ®si el j §&r
al kal maz8s§t .

Szerkezetintegrit8si I nt ®zet Tansz®k
KivonatEz a kutat8&s a hidrog®n¢zemT j&§rmTvek kock§zat ®rt
rog®n¢gzemT j&§rmTvek tervez®s®nol a biztons8§8gos hajt §s
mTveknek a mindennapi e®l «Ptlzéntsiock hasce n€d halt mdak kel
jelentett kock8zatot a | ehetR |l egkisebbre kel cs°kke
¢czemT j8rmTvek haszn§latakor a | edready obbA ko cdkr Sozga@inostz
ends
sne

KulcsszavakHi dr og®n, Kock&8zat ®rt ®kel ®s, G®pj §rmTvek

Abstract: This research presents the methods used for risk assessment of hydrogen vehicles. The design of hydro-
genpowered vehicles should be prioritized to ensure a safe powertrain (lowest risk). Vehicles should be usable
under normal conditions in everyday lifeycathe risk to the user should be minimized. A literature review has
shown that the greatest risk in the use of hydrogen powered vehicles is hydrogen leakage. Hydrogen leakage can
occur in fuel systems (tanks, pipings), and risk assessment mstimdd be applied to address this issue. In the
future, green hydrogen vehicles will play an important role in reducing greenhouse gas emissions, but safe oper-
ation will also be an important requirement. The risk assessment procedures under considéitagigrport the

future application of this new technology.

Keywords:Hydrogen, Risk analysis, Vehicles

1.BEVEZETES

A vil 8g kerliskreade® mti e rci®d |/B53® 4E1k8 WBt%4®gy el
sRdl eges forr8s, a f°ldg8z, a kRolaj, a sz®n
a fosszilis te¢zel Ranyagok. Cltal 8ban a hidro
el R.

Lehet Rs®g van a k°vetkezR pri mer energi afo
sz®l energia ®s biog8z vagy biomet8n. Biog8z
mat on megy kereszt ¢l amelyet gRzzelelt@Ptr®nkFk
t ®nNnR reakci -t eredm®nyez, ®s egy szintetikus

A VvZ2z hi d
al kal mazz
m-dszer h

c

rog®nre ®s oXxig®nre t°rt®NR sz®tvSE
8k, amely fR agyf szefek®haszhigd
idrog®n el RS s8t eredm®nyezi [ 1
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- El sRdl eges en
|l ehet Rs®g: F°

- Termok®mi ai §
| yamat omet &n grF
nyez, ®s egy s

- Elektrol 2zis:
nevezett technik§
sz ®l l ehet .

- V®gsR energiahordoz-: Mindk®t m-dszer hid

hi drog®n energiamezRkbe t°rt®nNnR be®p2t ®s(
aaagdalg®kanyagak®nt t°rt®nR felhaszn8l §sa.
S i g8zokban mindig is jelent RosinemmByziok®
s®gyg®t met8n vagy f°ldg8z teszi ki . A hid
kozatos 8t 8l 8st a hidrog®nre, mint ener
n8l hatnak hidrog®nt adal ®kk®nt .
utatt8k, hogy a hidrog®n f°l dg8zmotorokt
®geit ®s cs®°kklenbbes st 8sszekhpytaRaeyag s
Ha ezt a kever ®et haszn8lj 8k ngzemagm®nag
t, sz®nmonoxi dot ®s sz®nhidrog®nt kelle
k°ozl eked®si rendszer sikeres m-dszer
cs°kkent ®s ®r e ®s azdremEe®mn alel V &It -8 sk ii en
rog®nsk8lla Kkidontcaetpjcai -bje§ta ahzi dr og®n sz 8m
s felhaszn8Il §8si m-dj 8val egy¢tt. A f O
®l d§gul a villamos energi a, hR, vegyi a
f ®mek ®s mi€s@gydkhgd8ong®n szintetikus ¢zem
f
t

m
0
b
0
z
m
S

a
ne¢ | hidrog®n¢zemT aut -k ¢zemanyagak®nt i s e
A hidrog®n¢zemT aut - 0
8si mechani zmus e
drog®n ¢zemany c

a
amel yek kial ak
e
t

czemanyagrendszere

ergiahordoz:-jak®nt val
| 1 8k al kal malz 8hsiad r cEgz@rk-
a az el mwlt ®vtizedek
amel yet kis akkumul
8 k agmearka niyzaegntbeel | h8ebl ay
energi 8t pedig mags8r a

Q

|l ektromos en
ra (ezek biz
t2
k

—~+ QO n

w @

TJooQOoOwWEs 9w

V), a mar ad
J k°zel 2t ®ssel, el ektromosnak t ek
ksz8etmaegn kI ayemuk. Arpd®l yenh®n&§nmTv
gyorsan | ehet a tart8lyokba tankol

Q n ~*F xwo

S+ ®0 -

- = = o
D S

t, mint a d28ZddlalwadmEyn Ipemrzierki gz itvaattt)
at2z2vogyvetkedm®g®Pert & fed®l zeten ke
| i kock8zat szintj) ®vel szemben t 8masz
v8bbg8 figyelembe venni, hogy m®g a fos
osnayja8kt o®&s kock8zati ®rt®kekkel b2rnak.
ez vonatkozi k -az elektpadlosj 8bhankt &r ok
kock8zatot |el-m®s ehekk§Matnide®Iti Rk alut
tul ajdons8gai k miatt. A Ikibdrl ogv®&ngyh &t
rendszerbRI t°rt®nR esetl eges szivs8rg
Ez®rt meg kel hat 8rozni egy esetl eges
egy biztons8gos z-n8t a tarts8ly k°r ¢l
szerzR is foglalkozott ezekkel a ter ¢l
val - di robban8s8t v®gezte el. Hi dr og®nt
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el emezve a nyom8shull 8m intenzit8s8t, a term
gos z-na meghat8roz8s8hoz. Zhang et al . [ 4]

hat §8sait z8rt t®rben bek°vetkezR - Wadrob®doponb
[5laH-O2r endszer robbang8si hat 8r ®rt ®keit el emez
®s | evegR kever ®k ®nek robban8si mechani zmusS§
al . [7] is egy ®p¢rloebtbbagnmiesbierk 9 v e$ kie mRI $eit 8jn§t
gyakorolt hat8sokat vizsgé8lt§gk

Hagyomanyos tarolas Széllitas

day

Szintetikus
lizemanyagok

Olaj/biomassza
korszer(isitése

Amménia/

mdtragya
Nukledris H20  Hidrogén-
termelés
e Fémgyartas
Elektromos halozati
infrastruktura
Fosszilis
Vegyi/fipari
] eljarasok
Gaz Hé/elosztott
infrastruktura energia
1. 8BAraz8m2t8si modell geometri §8j a

2Bl ZTONSCEGI £RTEKELES [11]

Ahidrog®n ¢(zemanyagk®nt vagy energiahordoz:
s8gok megk©°vetelik, hogy olyan mTszaki ®s ¢z
|l yek a meghi b8so0od8s vagy baleset kockS8zat 8§t
A hidrog®nhajt8sok ¢zemeltet®s®nek al apvetF

1. Az ®g®s, a gyull ad8s ®s a robban8s kocks§8
2. A nyom8s t ¥l | ®p®s ®nek kockS8zat a;

3. Az alacsony ¢zemi hRm®r s®kl et hez kapcsol
4. A hidrog®n ridegs®gbRI eredR kock&8zat ;
5 A hidrog®nnek az ember.i testet ®rR expoz

21.Az ®g®s, a gyull ad8s ®s a robban8s kock§8za

Az ®g®s, a gyullad8s ®s a robban8s vesz®Il ye
A hidrog®n nagy val - -sz2nTs®ggel sziv8rog fi :
k°zvetleng¢gl ©°sszef¢igg a gy ¥l ®k®sy rlodbeam®@Ils hloiz
zet het . Ezt az is felt®telezi, hogy a hidr o
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szemme.l gyakor !l atisluggrlz8shatbatclsn, k®s Wem s
hagyni azt a t®nyt, hogy a | 8ng terjed®si
szilis t¢zel Ranyagok eset ®ben [ 8].

22.A nyom8s t %l | ®p®snek kock8zat a

A t% nyom§8bideeg®hyeclanol -gia mTk°d®si el v
hi drog®n nagy nyom8son t°rt®nR t8rol 8sa miat
nagynyom8s¥% r ®s z®nek minden al katr ®sz®r e hat
k§8zat Megh®n@k n°veked®s®t meghat8§rozza az e
g®n ridegs®g [ 8].

23.Az al acsony ¢zemi hRm®r s®kl et hez kapcsol - d
Az alacsony ¢ zemi hRm®r s®kl et hez kapcsol d
gok tulajdons8gainak megvs8ltoz8s8b-I ad-dik.
hRm®r s ®RI588t &rCd (t °rt ®nR | ehTt ®s e s aarfyagokk el et k

|l ehTl ®se sor&§n a hidrog®nrendszer szerkezet.i
toz8s to°rt®nik.

24.A hidrog®n ri degs®g®bRI eredR kock§8zat

A hidrog®n ridegs®gbRI eredR kock8zat a hic
cs°nhat8sa miatt §I | fenn. A tart§8lyok, ny ol
el vesz2thetik szil 8rds8gukat, ttutl.ajAlzonesz8tg ab &
sol t®nyezRk k©°z® sorol hat-k, pl. az anyag
m8s, a hRm®r s®kl et, az anyag t2pusa, a hidro
tartalom, az ¢zemi nyomgsendazbBRm@l E@kl ®s zean
| ®nek t2pus a szemcs®k 8t m®r Rje, mint a mi
kezel ®s ®n ek eIRzm®nyei, val amint a hidrog®nb

25.A hidrog®nnek az emberi testet ®rR expoz?2c

A hidrog®n ember.i szervezetet ®rintR expoz?
ezt a kock8zatot is figyelembe kell venni. A
l en ®rintkez®s helyi ®rz®ketl ens®g®er ®®r gk ®
vezet het . A hidrog®n ®g®se, amely magas hRm
eg®szs®ge¢egyi kock8zatot jelent. A hidrog®n n
fullad8st okozhat, Kkg¢l8unl® saeunt -zb8arnt uhteal syti ®r®bgeenk

3.KOCKCZAT ELEMZES

A hidrog®nt vezet ®ken kereszt ¢l kel l el oszt
|l ehessen haszn8lni. A megl ® R vezet ®k ®s tar
g®nt a h8l -zat meghat8rozott rmss%i®s amedgY
| emzRvel rendel kezik, ®s amely a tiszta hidr
m-dszere a v2-wvalggkttroelovoil ¢ af kzu® ener gi 8§val €

t8nreform8l 8s g8zos?2t8ssal
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[12]

1. A vezet ®k ek hidrog®nnel val ®rk®np&dt®skekett
a f®m ®s polimer csRvezet ®kek ®s csRvezet
tartam8nak becs| ®s ®r e. Ezeket az inform8c
del | be, amely a csRvezet ®kel ®lgtfioatoasmdib
n°ki felt®tel ez®sek mell ett

2. £l et eil kelmezs®s : Az ANL el emezni fogja a hid
mint az alternat?2v Ytvonal akki bpo®lsds8§tuss 8at .s
3. Technikaigazdas8gi el emz®s: Az NREL sz8mszer T:

nak k°lts®geit ®s | ehetRs®geit, wvalamint
g8zt .

4. A hidrog®n potenci 8l j8nak kisz®l es?2t ®s®r e
vezetett, az SNL ®s a PNNL 8ltal vezetett
cum (HMat ), amely nemzetk©zil eg-agdgokkeamer t ke

pati Bhakt®€8anul m8nyoz8s8r a.

4. MERESI FELADAT

Amint a3.1 fejezetben s | 8t hat - sz ks®ges a megfelelR
kutat - -helyen k¢l 2°nb°zR vizsg§|atokat v®gzg¢nk
g8lt anyagt2pus: hipoeutektoidos, szerkezet.i
A tiszta hidrog®nnel wval - vizsg§|atok eset @
hagyni pi hentetni a rendszert (hidrog®nnel t
tudjuk az anyagtul ajdons8gok &apicsg8g8§l afPibbpa
rek pontod®sfg§s@dvalrptidl mi adatok vizsgs8lata
hogy 2 mintadarab vizsg8l at8ra | esl30barang ks ®g .
ker ¢l tek pihent et ®szreeb ba ind Rkt ealdia rvaibzoskg § 1Aa throes i
l om al apj8&8&n a 3 h-napos idRtartam kerg¢glt meg
el RzR mlntadarabok eset ®n) .

Az egyetem kutat-helyen | ehet Rs®g nyz21lik a
gos V|zsg§lathoz egy f°l dal atti vizsg8l - hel
repeszteni a Vvizsg§8I| 8bg 8ld8trhaabto-k aat .r eApnei snztt ®as e ¢
®s megfelel R v®gs8l Il apot alakult ki

Az al 8bbi k®t vizsg8lati m-dszert alkal mazt

1. repesztve ((INn ®1 k¢l , ref erencia darab).

2. f8rasztva,dlhrag¢pés z t,1@%,AEeRa® 52830 L4r).

A repewizz®g&®lsat ok utg&n a tart8lyb-1 megfele
k8l 8sra (csak alapanyagban ®s varratr ®s zDbRI
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2. 8 Mintadarab repesztve.

A Kimunk8lt pr-batestek eset®n az al 8bbi Vi
hajviezsgs8l at

kem®nys®g Vvizsg
szak?2t-vizsgs8l a
sz%°vetszerkezet

8§l at
t

el N

vizsgs8l at

A vizsg8latok eredm®nyei szolgs8ltatj 8k majc
t ®kel ®si vizsg8l atok adatait
A3. 8lb§t8mat - az egyetemi kutat

| aborban tal
dez®s ®s a Vi z4s.g8Blbtr apr - batesteket (

V|
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4. 8Wrasgs8lt mintadarabok.

Jelenleg az el RzRekben bemutatott vizsg§8l af
ker ¢bemkt at 8sr a.

5, ¥SSZEFOGLALCS
Amennyi ben a kocsitart8lyb-1 hidrog®n sziv¢

A hidrog®n nagy nyom8son t°rt®nR t8rol §8sa a
m-dszerekkelimfycerrm§(rie-llevs§2nismul§ci¢2/a|InTm&@1tek

tervezRi sz8m8ra a k°vetkezR al kal maz8sokho:
val - el helyez®s¢k, valamint az alkalmazott t
| aszte§ hasanf8l t anyagt?2pus, a karossz®ria ot
v8l aszt 8§sa, a m®retez®s a csatlakoztatott aI
szel epek ®s c¢cs°vek anyag8nak kiv@hthaeg®sesa,®s:
tart8lyok anyag8nak kiv8laszt 8sa.

Nyilv8nval -, hogy az egyes hajt8st2zpusokat
A hidrog®nhajt8sok tervez®s®nek t°bb szempor
het R, hogy a d°ntR param®ter az °sszes kocks

6.K¥SZ¥NETNYI LVCNeEeTCS

A szerzR h8l1 8s az AVL v&8llalatnak a kutat §:¢
gat §s8®rt .
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SIMULATION OF A SOLAR POWER PLANT VOLTAGE

BODNCR | stvg§gn

Ph.D., egyetemilocens, istvan.bodn@uni-miskolc.hu
Miskolci EgyetemG®p ®s z m®r n° ki ®s | nformati kai Kar , Fi zi ke
El ektrotechni kai ®s Elektronikai I nt ®zet

Kivonat: Jelen cikkben eggapeleme& i s e h R mThzaatt& s ts g &li jrusk §cidszerral , kier
fesz¢lre Aapeemes ser RmTvek egyr e na®syonbabg ytiepraerti nfyoegrynaeskz t.
a hgzit am@r8esgtylaszt - k k°r ®ben. A kiserRmTvek 8§l tal t er me

kell fel@s niipparai kwiskbbd &8s enmne8gi @al R2rt k°vetel m®nyeine
kell venni azillamosh § | - zatra gyakorolt fato§ gBKatat 85 wmilnlda go g me
biztony&gmd,osf ®]s j - minRs®YT villamos energi 8§t bizto:
Kulcsszavakn apel em panel, napelemes erRmT, szimul ci- -, vil

Abstract:In the present article, the effects of a solar powered small power plant powee grid are investigated

via simulations, with voltage drop being emphasiZgédlar powered small power plants are gaining larger
grounds among small and large industrial consumers, as well as among housekedldonsumers. However,

the quality of electric power produced by small power plants must meet the prescribed requioémablis and
industrial electricity service, meaning that their effects on the power grid must be taken into account. The elec-
tricity service always aims to provide safe, tionous and good quality electric power to its consumers.

Keywords:solar panel, solar power plant, simulation, power grid, voltage drop

1. BEVEZETES

Modern t8rsadal munkbaggRa®gi eggmesefeegv® t
technol -gia fejl RI®s®vel ®s abB8my&daldeim &gyt e
sebb r®t eg®nek v8lnak el ® het Rv® saj 8t energ
vek szerepvs8ll|l al §s®segyré¢ eh g p &bl &iognioyeotss s akyodr @
tok k&zeéktaz erRmTvekendszét heoemdiaasszgdobhat - k
t 8v¥% energetikai strat ®gi azr ®WesetPRe®AN vdB | maky o b
meny T erRmTvi kafeheti 29y egYkbegyBReg®Baeci gi pel
M®r s ®k DeRamle g &4j ul - ener gi §v a®s nmeTzZk® hleRg & red 8i&tR-e n
mTvek termel ®se i dRj &8r8sf¢ggR, 29gy energi at §
t al .®gyanakkor avillamosenergz ol g8l t at 8snak egyre szigor
nek a kiserRmTvek 8§l tal megtermelt villamos
| -zatra gyakorolt hat §8sukat sem hagyhhbhtjuk
ugyanis a | egfontosabb a biztons8gos, folyan
avillamosenergis z ol g8l t at - nak mitn°dreenk ekqliri¢gd nk®enlyl k © z © t

2 . K¥-ZfSP KI SFESZ! LTSEGt ELOSZTEHCLEZATOK FESC
SZABCLYOZCSA

A villamos hs§gl - -zatra <csatl akoz- fogyaszt - Kk
(MSZEN50160 mi nRs®gT hg§l -zati fesz¢glts®get kel l
l and- teljes?2ztsm@&nyritgg®nwells@sMhn@mtAek a h§g&l - zat ol
t 8pponti fesz¢ |- Bs®y?°| JygyydRsgabbokbost apaszt a
att-a mi ar8nyos a hs§gl - zatki® nenlyeenme kk rfietsizkéul st st®agretsc

31



2020112P|ACKF4202000138 a+xAffF YFESEREMBYH £+ &l GAYFEATHES AYyY:

ipari-= F12aat 3AaA F23el &l s $é éf S{TGNRY2a& 2t NJ

a fogyaszt - - kngl fell ®p R fesz¢glts®g. Ez®rt 1is
amit igaz?2tani kel l a mindenk[Z}.ri fogyaszt i

Ak° z®pf eske¥fke g®®T %( el oszt-h8l -zatok energi e
bananagy/ k°z®pfesz¢lts®gT transzform8torokon
fesz¢glts®gszabglyz- automatik§va| rendel kezn
ponti fesz¢glts®yg®nek AtszhéB®PyoalBatl ®ny8Qeozh
®s a primer oldali fesz¢lts®g v8ltoz8&sa miat
a primer oldali menetAszz8arh I8y d n&s ac &lIsj8av,a | h oRy
optim8lis bont8spontimbnBgonabeélsglkkilsféeRsgzevl@ssar
(KIF)f ogyaszt-i csatlakoz8si pontokonr8/-d@5®%esz¢l t
os tartom8nyban | egyen tarthat -

Az 8tt®tel v8ltoaoasaNAEB/ H¥F eggn&32b2mm8kdr e
t°rt®nhetNi1B36kbabht8b8hl rendel kez®sre egy ilye
z®p8&l |l §sWMO@bPokarbbnt, 29gy a szab§lyNES#27 | ®
tartomgEgybéonkozatvg8§ltoztat88§essafeshbhbéwmp@dgv Ebe
®r het R el , ami az RJI3®bbiak szerint sz8m2that

n Y Do E ao ik ob o b (1)
® "O¢ Q¢ A BEDNQD C Y ogphDU

Felfel® t°rt®nR szab8lyz8&8sng8l a primer ol da
egyenl et miatt a szekunder ol dal i-af evsezs¢ézlttess@&y
gek el hanya-gal &8s a emdalil e telB-a Rt fl @ekz gnletl 4 &d t c 2° k
zatban ®s az ezzel €B8dsn(tf®dsezse Iftod ALt wal R)e |

Yo Y ~— 3 cg p p Q13,045 %) 2

3 . o 3
Y Y 5~ X e ¢ b yQauf+17,273 %) ©

8

3. 500 KW ALATTI TELJESETMENYt NAPELEMES KIS

A k°vetkezR p®lodks maam ed eynfedss Bk ksidsr ®gmidissgz8d rt yaar
megA rendszerhez 18 db invertert v8lasztottar
meny TeddalpnAC 2 gy a rendszer=41861 kaVs 2 am@®hye al & A
enged®l yk°teles kiserRmTvekhez tartozik.
Az invert DC ol dal §prm®wlggyeenk ®nd |l jmasx? tmm®
csatl akozh
I

g
e
er ek
at , pAEszae250W6 80 ] ¢ sRayn®ngymiek et v §1
t am. Cltal 8noss8§gban egy-120myeak emegf alze AR n a
DC teljes2zt m®ny kell, hogy jusson. A m®rete
mennyi napelem kapcsol-@dhpt8rhuzamos&gos Az <®a
kapcsol - d- ztrmgeketdlketmak. Egyz r i ngen bel ¢ i maxi m8|
meghat 8r o0z 8s 8§hoozt (®&se seg8yr 8hsiide§gl,l adpeortTs t ®l i n;
napel emcel | 8§k hRmAr sARK.l eBkek gre lviiesnzzoReeynl ag ma g
nek a napelemek @dt10dcy 2 gy a maxi m8l i s napelemsz8m az
Szl t s@REneagk gyl empbev ®t el ®v el [

. Y i PTTT .
& Y R mw 6O ougchQw (4
P p T
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Egyst ri ngen bel ¢l i mini m8l i szat®pel ehrogygzy§ m zme ¢
mini m§lis munkapaoapdni MHeslzed)t am®g@iy®ibnkepodn apel e
fesz¢l t s®ge. Ehhez jellemzRen +70 AC modul hF
szl t siBg®pey g Wat ko[g:: egyenl et
: Y i VYT i d
h 7 €
Y ;] y o 03 v ®)
oWIP —oww
C®l szerT a hat®rt®kek figyel emb esiridgeled-e mel |
kal maz8sa egy inverter eset®n, hogy a munkap
gyenakorareggel®s k ®s R e sAtzi e-gry§n&lsasm |i 9.8 r h wtdngeko s an  k
sz8m8nak meghat8roz8sakor figyelni kell, hog

verter maxim8lis bemead)et iA Hrapmd eanlekt tr °lve gly &n
t ®k ®t s z irnat ®&nz o+k7t 08skA Am e cadgnl s § 418 f ¢ g g ®s

"OF' _[ ﬂ
“ - Tt L UA
© 7 WpwOp onarr

A sz8m2t §s ok .030dbgapelefanelld esefmal tam. 23 db na
sal sorba kapcsolvatsingeket alkot, majd5dles r i ng p8r huzamosan kapcs
az inverterek DC bemeneteiB.gy i nvert erp¥28755 A3 A0 M&W t el j
m®ny jut, egy string ¢resj8r8si fesz¢glts®ge
®rt ®k 692,3 V, a maxi m8lis bemeneti munkapon
A, amelyek megfel el R @atdi@®kjekn.az inverter kat

Al kal maztuk a k®t di-da modell en al apul ma
kod®s®nek szimul 8ci-j8ra vonatkoz- an A nape

s®kl et ®s a megvil 8§g2t8s intenzit§8§48§n&lbrhe¢g
szeml ®l t et . A Kk° 3oy eZxGt®s hHRBMRr A@®Kkk 2 ®ttt Vvi zs
inverter garant 8l hRm®r s®kl et f ¢ggR mTk°d®si
Wm?®s 10CR° ¥W? mt v Metgd 7 tgaytetl dra.tkP,r nhyegye t20 hRM® 1
®s 100°0 nWemzit8&s% megvol §8g2t8&s eset®ben a
Sivatagi k®rnyezetben, ahol a 1,alp00 Whds %c s h R
intenzit a napalem hRm®r s®kl ete 100 AC
i ntet®ben. I lyen hRm®r s®kl et en
el het R, hogy az inverter mT k
an szigks®g. Az i de8lis munkapo
i de8l i s a n%admeleenmeak Sse uii | Rk?2e
eti hRm®r s®kl eten olyan m®rt®kT
v m tud tov8bb mTkodni ®s kékapegelt
m felett mee k slzg&kws®Rigles e saRm  ian vdetetd
yanakkor a vs8ltakoz: 8ram¥% ol dal on a szabyv
rnyezet. hRm®r s®kl eti g tudn8 tartani

mennyi ben szigetg¢zemT i ndve @teennt alalkulhadiza | ma z n
verter AC oldali f eslz0; |AG ®@yse .+ 5We ghk G gkyCerl rhyeet
et ®ben az invert eos,ileteeB0%o8p ef se stzasrlttasn® g taT r+&sOt
kumul 8t oros energiat8rol -gstzalbi§ll iytog8.s8A agy
hez nagy kapacit8s%b akkumul 8t orcsomagra | ¢
ab8lyozott invertereket alskalAmaszzuanbk§ | yno&gs sk
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DC ol dali fesz¢lts®gcs®°kken®s DC/ DC konverte

ol dalon a fesz¢lts®gszintet ak8r v8ltozatl a
vi szont az 8ramfel harmoni kusokbai+#0%kakisent k ez

n°vel heti az erRmT §ltal | eadott elektromos§
e
g
n
b 125
> 100
5 75
50 50
S~
%) 25 30
@ 0
3 100
- 2
. 90 300 400 500
= 600 700 -30
< 800 900
1000

aSIAGAT L ANGE AWK GvS yNY R ISH 551G A9 KLY SNE S € S ¢

m0-25 m25-50 m50-75 = 75-100 m100-125

1. S8Abrnaapelem ¢zemi hRm®r s®kl et ®n ek
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>
>
>
>
>
>
>
*

cSail Nf 14aS3 w=x5
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25 -20 -15 ‘10 5 O 5 10 15 20 25 30 35 40 45 50 55 60

YI NyeST SGA B! YSNES|fSE

e JOC StHiNG === UmMpp String e==ili==Umin Umpp max Ustart e=#==UoC max

2. 8 al dali fesz¢glts®gek al akul 8§

Ugyanakkor azt hogy bes%kKdnR 8tmfiagyaszt 8sn &
visszat 8pl 81 8shoz n°vekvR fesz¢i il ts®gre van s
amely tov8bb n°vel] a felharmoni kusokat . Nag
Vi sszat 8§8pl &lz8§sa ek%Z2 ®bfeensz ¢ t s®g emel ked®s ®v
transzform8torra.
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~ 550
m
U» 500
>
> 450
Z
— 400
T
0 350
o
300
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25 20 -15 -10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60
1 YSNAE]L £ S
UAC inv% === UAC min UAC max
3. $8Mzraab §1 yozatlan sziget¢gzemT inverter AC
Amennyi ben azt vizsg8ljuk, hogy milyen m®rt
azaz szab8lyozni az AC ol davl8il tfoezs8zs¢ Intisa®gte ta a
fé¢éggve®ny ®b e, QkEa®®| haat - eredm®nyt kapj uk.
hRm®r 4 @k lt ®m8ny 8ban negat?2v k°rnyezet. hRm®r :
nagyobb k°rnyezeti hRmMm®r s®kl etek eset ®ben pe
o 35%
>
30%
T
T 25%
N
— 20%
S
= 15%
Q
o 10%

-25-20 -15-10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
| I YSNAE]L f S o

4. S8brvaerter szab8lyoz8s8nak m®rt®ke a k°or

A napelemes erRmT k°z®pfesz¢lts®gen, azaz 2
hg§l -zatra.5J- - 8bih®omglyath-a aaz k°r-hrykQeal § hRm®k ls &)
+32 AC fel® emelkedik, a k°z®pfesz¢lts®gT h
tartom8nyon. Mi v el a napelemes erRmT inverte
fesz¢lktestg ®e 2 ®r t tovs8bbi, m8s t2pus¥ beavat
Megol d8st j el ent het az i n vyeorzt8esrae k  atkekl ujneusl 2
energiat 8rol 8s, vagy a | akoss8gi/ipari energ
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5. 8Mrka® z®pfesze¢glts®gT hs§l -zat feszelt

4. ¥SSZEFOGLALCS

Az eredm®nyek al apj8n el mondhat-, hogy a k?°
t8s hat8s8ra a napelemen 8tfoly- 8ram mel eg?
el emek, ezen keresztg¢l pedig a n.apkxtern@n nelr kR
d®si hRm®r s ®k |l et i k°r ¢l m®nyek k°z°tt a napel
t ®k T, mint amit a k°zc® % hsg§l - -zat el tud vi s
jelentRs m®rt®kT h§l - -zativisasamnbhkhattsoked ®® P
het Rk a napelemes erRmT szab8§lyoz§s§8v@s$, ame
tel jesztam®hyoz8ssal val: -s2that- meg.

5. K¥SZ¥NETNYILVCNETCS

A kutat - munka a Nemzeti Kutat8si, Fej-l eszt®

1.1.2PIACIKFI-20200 0 1 38 k - ds z § m¥%,f AlVhi d d amBls&xte r gp tai ma
t2v rendszer- fleaheszdPsef opyaszt -nk8r@s oelce kmTr
projekt keret®ben val -sult meg.
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PERFORMANCE MEASUREMENT OF USED SOLAR PANELS

BODNCR | st v§n

Ph.D., egyetemi docens, istvan.bod@ani-miskolc.hu
Miskolci EgyetemG®p ®s z m®r n° ki ®s I nformati kai Kar , Fizi ke
El ektrotechni kai ®s Elektroni kai I nt ®zet

Kivonat: At anul m8§ny 5 ®ve haszn8l atban | ® R napel emek te
el emek egy erRmT egy sztringj ®bRI sz§8r-mazamaakd§as pa
pasztal hat-. A panel ekl Retj ®s2tm@®oy MPE®s ®t §ni § 35t 21
| emz Re%k &1 ki sebb teljes2tm®nyt szolg8ltattak, mint

J
hel
FR

t

Kulcsszavakn apel em, °reged®s, teljes2tm®ny

Abstract: This paper presentheresults of measuring the performance of solar panels that have been in use for

5 years. Solar cells come from a string of a power plant. A natural dirt deposit was observed on the surface of the
panels. We measure the performance of the panels befordtandleaning. Dirty solar panels typically provide
5-10% less performance than after cleaning.

Keywords:solar panel, damaggerformance

1.BEVEZETES

A hazai napelemes er RemTaeRknéegywaek@yp@llten §$Stal @
jes2tm®nyt. Arzaenhergyeaséerar®gi @ar 2@B0el ®r ®
ek k-bBRmegl ®§e | el assult, azonban a k°vet ke
hat - Yij rendlsateraerk d¢ el @empdds Psreek Vel ent Rs
g®sz?2t®sre, 2gy a hs8l-zatra gyakorolt neg
z8nkban az el sR-breanp &kleemds eSrtRmMTEs2®I4 t eh §1
mek ® etkora el ®rte a 20 ®vet, 2 gy hamar osal
®l et k8 a®25 azonban a 10 ®vn®l repabblzeml dpgr
gyorsabb °reged®s ®s t°nkremenetel, 2gy a re
A degrad8ci napel emekn®l a di-da jell egt
r®szt a k°%°rn i hat 8sok r®v®n induks8lt m:
mat sor8n to a i s eII§thatjaaszanz§|edtsa?drh§erg
optim8lis. A n a modul problemati kuss§8 v
tet. Ami a g -k szerint akkor k°vetkezik
j es2t m&8my .8 EY v8r hat - ake[£56,@&8,9al att k°vet ke:z
Egy napelem teljes2tm®nye (hat®konysg8ga) Kk

d8ul: hRm®r s®kl et, p8ratartalom, besug8rz8§8s
induk8lt °reged®st, anyagszerkezdt-i, &tlaslz2kwl:
d®s vagy ak8r reped®sek, t°r®sek keletkezhet
el emeket bor 2t edzett cveg t®rfogati ®s/ vai
napel emek degrad§C|-j§t smeqgul §cgli ns, mael Vek
anyagtechnol - gi ai model |l eket al kal m&2u ®v. A
is |lehet, de a szimulci-s ®rt®kek nem felt®
nemcsak a k°rnyemetiz Beka®Pmalzekt RhapHheret ech
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A napelemek t°nkremenetel ®nek i dRbeni | efut
meg. A napel emek-osl sRz1az®v ®bentdDRYWU1Sl j®vdDh2etnmd
garanci 8t adnak. A val - -s8gban a@r tgR@leanke | jtelt ®rs!
el t ®r hetnek. A gyakor lta®nkke&n n® vrekpal®sme kR sh RaAm@G
t®n | erak-d:- szennyezRd®aelk eglgyatkdrh Rm®rde@®k e
napel emeknek is van hRtehgite§seks®ges8Sn?2 @gmnp. al
tranziens folyamatok | 8t sz dn akiklusnektekiftlzee k a f
t Rk, amely folyamat sor8n induk8lt degrad8ci
vagy megn°vekedett degrad8ci-ja hRm®r s®kl et k
v8bb fokozza a teljes pa@®meglegt®breinr gmeomreatzdl ®tp.:
kinthetRk, 2gy a napelemek gy8rt- §8Iltal gar e
menetel ®t &Erzedm®@®@mydauKi8d.t t °nkremenet el mi kr ol
r8§bbi mikroreped®sekl gvSsiz®sPrades®Bveht cell a

22A VI ZSGCLAT EREDMENYEI NEK BEMUTATCSA

Kutat-munk8&8m sor8&8n egy 5 ®ve ¢zemel R er RmTh
s®t ®s 8l |l apotfel m®r ®s ®t v®geztem el. A nape
jesz2tm®ny¢k 260 Wp. A.napgbté&inédkbadatt 8bl §8j a

1. t8Al8izasgs8lt napel emek adatt bl

Tel jes2t m®n 260 Wp + 3%

'l resj 8rati 37,99 V

Munkapont i f 30,75V

Revidz8rl ati 89A

Munkaponti8§ r a me r R 8,37 A

Hat §sf ok 15,73%
Cell asz8m 60 db

A gys8rt .- az elosRtezen®R\grae adt¥s8§totv,81d a2 . @&
pedig85%0t . Tekintve, hogy a vizsg8lt napel emek
el vt8erltj es2t m®ny ¢k a gys8#8n8skoeim 1t ehjeeski @by
°reged®s m®rt ®ke nem volt nagyobb, mi nt amer
azt jelenti, hogy az elvs8rt tel]j esp2otnm®nsyseS gaa
1, 5%, 29y -na®l24n0a, gdy50 bWp t el j es2t m®ny T napel emelk
ged®si ¢temmel. EttRI kisebb teljes2tm®nyek
A napelemeken t°o°bbf®l e merw®esztv®greaelt e MM G
hel ®s al kal maz8s8val az aktu8lis teljes2tm®n
kamer 8val a napel ean dsezll¢8se&8t®i A Rm@ap@lcpekiked tt e |
besz8ll2tott 8ll apot8ban, valamint | 8gyvizes
t°rt®nNR | eszerel ®s ¢k ut8n nem voltak megtisz
rg§juk rak-d- szennyezRd®Isekehat 8sgZerestvieasyg
panel egy inverter egy sztringj ®bRI Sz8rmazn
A vizsg8lt napelemek egy r®sz®ben szerves,
het Rk lvolghbarkB (szennyezRd®sek az esR tiszt?2t
hanem a sarkaiban, illetve ®| eiben figyelhet
sYak, ez®rt ezeken a r®szeken k°nnyen fel hal
z&n a fel¢leten |l erak-d- sz8IlIl - por wvolt a m
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Kor 8bbi, m8§s panel eken v®gzett | aborat- -riu
volt, hogy a napelemek fel ¢ ¢l et®n | erak-d- sz
®s hat8§sfok8t, valamint a szennyezRad@snek hel
hRm®r s®kl ete, amely tovg8bb rontja a mTk°dRK®
l en m®r ®sek sor8n is ez volt az al apfeltev®s

1. 8SzreannnyezRd°tt napel em.
A2. t 8bdgSlzaaltj a °©ssze a vizsgs8l ati eredm®nye
azok referenciak®pz®s c¢c®l j8b-1 ker¢gltek | em®
8l |l apotra vonatkoz:- eredm®nyek 8l Il nak rendel

2. t 8l &2 &ts:g 8| m®rnta pted lejmeek?2 t m®ny e

Napelem | Szennyezettpaneltel-| Ti szt 2t ott{SzennyezRd®
SOor sz j es2t m®ny Ss2t m®Anye| jes2z2t mBAnyve
1 - 261,74 -
2 - 260,33 -
3 219,44 238,88 19,44
4 240,24 254,73 14,49
5 236,32 250,58 14,26
6 227,36 255,36 28,00
7 236,46 257,07 20,61
8 209,07 245,33 36,26
9 204,94 238,45 33,51
10 219,56 239,15 19,59
11 221,16 245,40 24,24
Ctl a 223,84 247,22 23,38

A2. t btlCkz@mti nf or m8ci -t
jesztm®nye mindegyi k pane
d¢l a 4. jelT panel ko zel

is leszTrhetR. P®Id
| eset ®ben kisebb,
2t meg azt az ®rt®
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Amennyi ben a tiszt2t8st k°PvetR teljes2tm®ny
jel T panelek) teljes2tm®nye nagyobb, mint az
m8nyon bel ¢l helyezkedi k el . t3lpgeaemselt mdnegte® e
®rt ®k al att maradt, 29gy ezek °reged®se nagyo
lalt.

A3. t 8abzl §zraetged®s m®rt ®k ®t , valamint tov§8bb
gyel hetR, hogy a vizsg8lt 9 db napelem panel
marad. Ugyanakkor az is megfigyel hetahap-hogy
elem fel¢let®n |l erak-d- -BaenngkgRIBsm®nEget s ak

nak. Amennyiben a tiszt2tott panelek aktus8li
nel ek teljes2ztm®ny®t , a knkyoerz Ral®ts e k a Ba-khlatgalsjawn
cs°kkenti k a napelemek teljes2t m®ny®t. A |l eg

a teljes2tm®nycs®°kken®s. A |l egkev®sb® szenny

A vizsg8lt sztringben 18 db panel hel yezked
vel a vizsg8lat a panelek fel®t ®rintette, e
is hasonl - ®rt®kek, illetve eloszl|l 8s tapaszt

3. t 8Nl Fdatsg8l%r empeok®e@®rekk moOrt ®ke

Napelem | ¥r ege|SzennyezRd®s SzennyezRd®s
sorsz me®rt ® menyvesztes®g|s?t mPnyveszt e
[%0] tel jes2z2t m®nyr teljes2tm®ny
[%] tatva [%]
1 - - -
2 - - -
3 8,12 15,60 8,14
4 2,03 7,60 5,69
5 3,62 9,11 5,69
6 1,62 12,55 11,12
7 1,13 10,58 10,69
8 5,64 19,59 14,78
9 8,29 22,60 23,12
10 8,02 15,56 8,19
11 5,62 14,94 9,88
Ctl a 4,90 14,24 10,81
A vizsg8lt napelemeket az er RmTvi nor m§ | ¢
tani, 29gy azokr I csak az esRz®sek sor8§n t §\y
ut ol s - esRz®st k°vetRen ker ¢l tek leetsk erreed r®es-r
zentat2vnak az eredm®ny, azonban a szakiroda
Amennyi ben nem t°rt®ni k rendszeres tiszt2t &
ener gi ad rkned &8s v8rhat-an 10% ®s 20% k°z°tt
bev®tel ki es®st jelenthet. Teh§8t it erameal naazp edle
et ®rt ®k n®I , akkor az minden bizonnyal a
8l tal induk8lt °reged®snek r-hat- - fel
Ugyanakkor nem szabad figyel men k?2vgl hagyr
vekszi k a napelem hRm®r s®kl ete, amely indukg§s§
hat - ®l ettartamuk. M®r ®sei m sor 8n kwerzttdlet t ¢

mTen r8&mutattak a szennyezett fel¢letek hRte
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3.3¥ SSZEFOGLALCS £S K¥VETKEZTETE£SEK
A tanul m&§nyban egy napel emes er RmTbRI Sz§8r
m®ny m®r ®s ®nek eredm®nyeit mutattam be. Az er
mek °regszenek, 2gy a teljes2tm®ny¢k ®s hat ®
tat . E tendencia nem ford2that:- vissza, r8ads
ezt tov8bb gyors2thatj8k. Ez a megfelelR tis
Amennyi ben a napel emeket 8l 1l and:- ¢zemi k°r ¢
°reged®ssel, akkor az az ell 88tand- technol -g
probl ®m8t tud jelenteni el ekt r onabobavjll@nosmTv ek,
par am®t erek megv8ltozg8sa a hat -t8vot ®s az
el mondhat -, hogy a napelemek t %% m®retez®se ®
r®se el engedhetetl en a hneslstzédt@8vle anagas hat ®

4. K¥SZ¥NETNYI LVCNETCS

A kutat - munka a Nemzet.i Kut at8si, Fej-leszt®
1.1.2PIACI-KKFI-20200 0 1 38 k - ds z § m¥%,f éAlVh d d mam®Is&ate rgp tai ma
t2v rendszer- fleaghesggPsef opaaszt -nk8r@s oe lce kmTr
projekt keret®ben val -sult meg.
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VARIABLE-FREQUENCY DRIVE CONTROL

AffL YZEERENE NV
2aat3aIax Fz3el ail

BODNCR I, 8OROS Rafael Rube, MATUSZ-KALCSZ DE§vi d
JOBBCGY Marcell

IPhD., egyetemi docensstvan.bodna@uni-miskolc.hu
Mi skol ci Egyet en,n fG®&pnRastzink®rin °Kkair ,®sFi zi kai ®s EI ek
El ektrotechni kai ®s Elektronikai Tansz¢

2gyet emi rubembdro@uei-gni€kdlc.hu
Mi skol ci Egyet en,n fG&pnRastzink®rin °Kkair ,®sFi zi kai ®s EI ek
El ektrotechni kai ®s El ektronikai Tansz¢

PhD.,egy et emi daddnfatuskalag@uhi-miskolc.hu
Mi skol ci Egyet en,n fG®&pnRastzink®rin °kKkair ,®sFi zi kai ®s EI ek

El ektrotechni kai ®s El ektroni kali Tansz

“t ansz®ki m®r n °@upi-miskolclme | | . j obbagy
Mi skol ci Egyet em,n fQ&pnRastzink®arin °Kkair ,®@sFi zi kai ®s EI ek
El ektrotechni kai ®s El ektroni kali Tansz

Abstract: Thepopularity of electric vehicles has been expanding rapidly due to the subsidies and are worldwide
used What if, solar panel help us to drive the car? The World Solar Challenge is exemplary. In Australia directly
solar powered cars can across the contirguring a 3000 km long race. Let's use this technology! Our goal is to
create a theoretical model of an electric car, which can directly use solar energy or restore it. We would like to
use a thregohase induction motor to drive the electric car. The matarontrol by variable voltage frequency

drive (VVFD). The solar panel string supplies the inverters DC link.

Keywords:solar cell, electricvehicles three phase
1. INTRODUCTION

Nowadays energy hunger favours the accelerated expansion of renewables. Of the renewable
energy sources, solar electric power generation is one of the least lopate$ Since the
solar panels generate direct current, it is an obvious solution to place them on top of vehicles
and connect them to a 12 VDC system. Although solar panels are not suitable for running an
electric car in its entirety, however they can providevgr to the control circuits or provide a
slight increase in range. Over the pastadke, many vehicle manufacturers have experimented
with solar cars, with greater or lesser success. The solar panels are always used to charge the
vehicle battery pack. For some cars, the charge only works when stationary. Basically, electric
cars run ondns of KW electric motors, on the other hand, only a few hundred watts of solar
power capacity can be placed on them. It follows that solar panels alone are not enough to
charge and operate the vehicle. For this reason, the importance of solar caisies/pn
the daily commuting of the urban population. If the distance travelled per day is considered and
how much energy the solar panels produce daily in unclouded, sunny days, then the difference
between consumption and production is less perceptildieould not be overlooked that most
cars are usually used by one person at a time, so it is unnecessary to produce large and powerful
solar cars. It would be practical to design these vehicles for dailypdover commuting, rather
than for a family carlt is worth researching in this direction and developing cheaper solar cars.
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2. INDUCTION MOTORS

AC induction motors are the most common motors used in industrial motion control systems,
as well as in main powered home appliances. Simple and rugged desigosipyow mainte-
nance and direct connection to an AC power source are the main advanta@emadiction
motors. Various types of AC induction motors are available in the market. Different motors are
suitable for different applications. Although AC induction motors are easier to design than DC
motors, thespeedand the torque control in variotgpes of AC induction motors require a
greater understanding of the design and the characteristics of these motors [1].

Like most motors, an AC induction motor has a fixed outer portion, called the stator and a
rotor that spins inside with a carefully engineered air gap between the two. Virtually all electri-
cal motors use magnetic field rotation to spin their rotors. Aethhase AC induction motor is
the only type where the rotating magnetic field is created naturally in the stator because of the
nature of the supply. DC motors depend either on mechanical or electronic commutation to
create rotating magnetic fields. A siegphase AC induction motor depends on extra electrical
components to produce this rotating magnetic field. Two sets of electromagnets are formed
inside any motor. In an AC induction motor, one set of electromagnets is formed in the stator
because of the @ supply connected to the stator windings. The alternating nature of the supply
voltage induces an Electromagnetic Force (EMF) in the rotor (just like the voltage is induced
in the transformer secondary) as egremagnttE& nz 0 s
hence the namieinduction motor. Interaction between the magnetic field of these electromag-
nets generates twisting force or torque. As a result, the motor rotates in the direction of the
resultant torque [1].

2.1. Stator

The stator is made up of several tliminations of aluminium or cast iron. They are punched
and clamped together to form a hollow cylinder (stator core) with slots. Coils of insulated wires
are inserted into these slots. Each grouping of coils, together with the core it surrounds, forms
an dectromagnet (a pair of poles) on the application of AC supply. The number of poles of an
AC induction motor depends on the internal connection of the stator windings. The stator wind-
ings are connected directly to the power source. Internally they areatednn such a way,
that on applying AC supply, a rotating magnetic field is created [1].

2.2. Rotor

The rotor is made up of several thin steel laminations with evenly spaced bars, which are
made up of aluminium or copper, along the periphery. Imih& popular type of rotor (squirrel
cage rotor), these bars are connected at ends mechanically and electrically using rings. Almost
90% of induction motors have squirrel cage rotors. This is because the squirrel cage rotor has a
simple and rugged consttian. The rotor consists of a cylindrical laminated core with axially
placed parallel slots for carrying the conductors. Each slot carries a copper, aluminium, or alloy
bar. These rotor bars are permanently sbiocuited at both ends by means of the ands.
This total assembly resembles the look of a squirrel cage, which gives the rotor its name [1].
The rotor is mounted on the shaft using bearings on each end; one end of the shaft is normally
kept longer than the other for driving the load. Some motors may have an accessory shaft on
the nondriving end for mounting speed or position sensing devicetsvéen the stator and the
rotor, there exists an air gap, through which due to induction, the energy is transferred from the
stator to the rotor. The generated torque forces the rotor and then the load to rotate. Regardless
of the type of rotor used, theipciple employed for rotation remains the same [1].
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2.3. Application

The use of induction motors in electric cars is subservient because of their low maintenance
requirements. This is due to the fact, that induction motors do not contain carbon brushes and
slip ring, in contrast with synchronous and DC motors. Therefote tle bearings should be
maintained. The induction motor has good starting torque, which gives good acceleration in
cars.

2.4. Speed of an Induction Motor

The magnetic field created in the stator rotates at synchronous sgeatiioh ). Where: f1 the
supply frequency, p the number of pole pairs [1].

g = (1.)

The magnetic field produced in the rotor because of the induced voltage is alternating in nature.
To reduce the relative speed, with respect to the stator, the rotor starts running in the same direction
as that of the stator flux and tries to catch up thiéhrotating flux. However, in practice, the rotor
never succeeds in Acatching upod to the stator
field. This speed is called the Base Speed (n). The difference between n0O and n is called the slip.
The slip varies with the load. An increase in load will cause the rotor to slow down or increase slip.
A decrease in load will cause the rotor to speed up or decrease slip. The slip is expressed as a
percentage and can be determined with the followingutariequation 2 [1, 8]:

i b —P M, (2.)

3. SPEED OF CONTROL

The best way to control the rotor speed is to change skpply frequency. Variable frequency
drives can vary the frequency stepless from 0 Hz to a few hundred Hz. The variable frequency drive
is an electronic device which has three npairisinside: rectifier, DC link with filter capacitor and
inverter. The input and output can be one or thfese AC voltage. For high power usages, a
threephase motor is recommended which requires a-fhirase inverter. The inverter makes AC
voltagesfrorDC v ol tage where the frequeaonstaptvoliae) vary
we called it VVFD (Variable Voltage Frequency Drive). The rectifier and the filter capacitor make
the constant voltage at the inverter6és input.

LEEE 3.

¢

3.1. Voltage control

The torquewill be constant only if the flux is constant as welg¢ation 3. Uil means the
induced voltage in the stator, is the flux amplitude, N1 is the number of turns, is the winding
factor. If we do not reduce the voltage at low frequency, the stator iron core is saturated. So,
the frequency and the voltage must also beged together [8].
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3.2. V/f control

The variablevoltage/variabldrequency (VVVF) drive powered induction motors have sev-
eral control engineering problems. For optimidization of the drive, the slfrequency should
not be bigger than the pulp slipfrequency.

Current overload must also be eliminated, the slip must remain below the nominal slip.
Therefore, it is expedient to measure the slip and, on this basis to control the frequency of the
VVVEF drive, so that a specific adjustable slip frequency is not exdeédaddition, it must be
ensured that the motor is always supplied with the correct frequpeapprtional voltage. This
is necessary, on the one hand, to ensure that the machine flux does not exceed the nominal
value, on the other hand, to achieve tbenmal flux, apply the motor torque with the lowest
possible current and reach the nominal torque at any speed. This condition can be achieved by
controlling the voltage directly in proportion to the frequency [2].

Figure 1shows two sections [3]n the first section, the frequency and the voltage are in-
creased proportionally to the limit frequency, then the flux and the torque are constant. Once
the nominal voltage has been reached, the voltage applied to the motor terminals can no longer
be increaed, but the frequency can.

This has the disadvantage that the flux is reduced, so that the motor torque and the engine
power do not increase further. In the second section we talk about field weakening, not to be
confused with that of DC machines. In this case, the field weakens daestraints, and is not
intentionally weakened.

1. Figure: Voltage and flux variations as a function of frequency

4. POWER ELECTRONICS IN ELECTRIC CARS

In electric cars, the input DC comes from the battery for the inverter. DC/DC converter is
needed because the battery voltage is different from the motor voltage. If we charge the battery
with solar panel, one more DC/DC converter is required. These comvestirce efficiency
due to power dissipations.

In many electric cars, the thrplase inverter consists of IGBT switches. These high power
IGBT modules contain driver circuits as wdlhe modules are mounted on a heatsink.

5. THREE-PHASE INVERTER
A power inverter is an electrical device that converts direct current (DC) to alternating cur-
rent (AC). The frequency of the generated AC voltage is arbitrary.

Simple control is when modulation of the control voltage is not applied. By simple control

45



20201.1. 2—PIACKF420200013

at t
ipari-z F 1

AL YESSRERBYK € 4 & GAY
2 4 X

AY Y
at3A Fz23el al ds $ 2t N

J

ax ol

FE£AT €
1 0NR Y2

9)(
<

—

neither sine current nor sine voltage can be realized at the output. If a pulsating torque on the
motor shaft is not tolerated, a simple controlled inverter is not advisable.

Six IGBT semiconductor switches are connectettiéantermediate DC circuit. The alternat-
ing voltage is realized by switching these, which forms a{binese network. The phase is offset
from the others by 120A. During one period,
times. AnIGBTcanga ke part in driving tild]l 18 Fidure The s
2, where the induction motor is connected to the output.

I S

W

n

%
Z
o)

Ko g [

L

DRIVER

2. Figure: Threephase inverter

The phase voltages generated on theianected power supply are showrigure 3 In
the case of electric cars, simple control is not allowed because the torque will be pulsating, the
car will not accelerate smoothly. The smoothest torque is created by sinusoidal current and flux.

URU
2/3pcv
1/3 DCV

/3 /3 /3 Em/3 n /2 8mn/3  wt[rad/s]
-1/3pcv
-2/3pcCv

n/3 21/3 n 4nfa  5qf3 2n /3 en/3 wt [rad/s]

1 l_,—l_l
W3 3 4%/3 5m3  In Tmr,fs_m[radfs]

1. Figure: The threephase voltage

Since IGBT switches are only controlled by rectangular signals, Sine Pulse Width Modula-
tion (SPWM) must be used. This method results thatuth@amental frequency of the control
signal will be sinusoidal. Therefore, the basic harmonic of the current includes the sine as well
as overtones due to the switching frequency. The amplitude of the overtones can be greatly
reduced by an LC lowass filer. The IGBT Gat&mitter capacity has the following control
voltage in case SPWM contrdtiQure 4), switching frequency is 7,3 kHz.
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2. Figure: IGBT driver voltage

If a low pass filter on the inverter output is used, the currehigafre 5is obtained on one
of the motor coils. Of course, THD is not 0% even so, but the amount of overtone content is
greatly reduced. During the measurement, the DC/DC converter stably provided a DC voltage
powered by the solar cell string.
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3. Figure: Phase current

6. TYPE OF SOLAR CELLS

The solar cell is an electrical device, that converts the energy of light directly into electricity, its
operational background is the photovoltaic effect. They are more and more popular year after year
and their residential and industrial usage is cotigtatreasing. As a result of their development,
their efficiency is increasing, while their production cost is constantly decreasing. Depending on
the type, the efficiency of the solar panel can reach 22%. Under laboratory conditions, efficiency of
30% dso has already been achieved. The vast majority of currently used solar cells are based on
silicon semiconductors, but there is ongoing research into the development of new technologies to
further maximize existing efficiency [4].

The major types ofurrently applied solar cells:
- amorphous
- polycrystalline
- monocrystalline
- organic.
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Nowadays amorphous solar cells are faded into the background, among other things, due to their
low efficiency (51 8%). In the case of amorphous silicon solar cells, the silicon atoms are less
ordered, and atoms are less attached to neighbours, likedrysteline version. One of the ad-
vantages of amorphous silicon solar cells is that they are cheaper to produce than crystalline silicon
cells, have thinner layers, thus they can be placed in rigid or flexible frames [5, 7]. They absorb
more light, so thie power decreases lesser in lbght, cloudy conditions than crystalline types.
Among their disadvantages are the lower efficiency, and the degradation of efficiency by aging.
The reason for this is the lower stability of amorphous silicon [6].

The use of polycrystalline solar cells is the most common among residential users. This is due
to the fact, that they have the most favourable cost per produced energy. Price plays a very important
role in the development of silicon based crystalline sz#ts. The production of monocrystals is
very expensive due to the technology. This led to the development of polycrystalline solar cells.
The bottom line of the production of polycrystals, that the electronic grade silicon base material is
melted and paed into a graphite crucible and crystallized under controlled cooling. Crystallization
starts at several focal points and the solidified material becomes polycrystalline [6, 7].

Their efficiency can reach 18%, and this value is less dependent on the age of the solar panel.
Manufacturers generally warrant staying the loss of efficiency within the 20% limit for 25 years [5,
7]. Crystalline solar cells can be easily recognized hy dedlular structure, which cells are gal-
vanically coupled to one another and their combined power supplies the electricity of a solar mod-
ule.

Monocrystalline solar cells produce the highest efficiency. However, their manufacturing tech-
nology is very expensive, so their popularity in the residential usage is less significant than the
polycrystalline type. Crystalline silicon solar cells, and gahyemost semiconductor devices are
made on a crystalline semiconductor chip, also known as a wafer. Their efficiency can reach 22%
[5].

Organic solar panels are the youngest type of solar panels. Their development began in the last
decade and has developed significantly during this time. Adilininechnologies, organic cells
can be used to coat different surfaces like glass, metdicptascan be print by using 3D printers.
Another advantage of organic technology is that it is less sensitive to the angle of incidence of light,
thus they are ideal for the not exactly southern orientation. They are also excellent for colouring and
paterning. The most important promise, that they will be produced very cheaply, large surfaces
will be coated with them, however this could not be proved in practice in the absence sfdéege
production [7]. Organic solar panels are how seen as a majapped, environmentally friendly
possibility for large energy and oil companies. Catbased organic polymer solar cells still oper-
ate at very low efficiency (<4%), however they were able to achieve 6% efficiency under laboratory
conditions. Another dislvantage, that their production is relatively expensive compared to silicon
based solar cells. In addition to the high price, there is another problem to be solved, which is their
short lifetime. While conventional, crystalline and thim solar cells ae sold with a 20to 25
year performance guarantee, organic solar cells operate for 3 to 5 years based on current tests.

In fact, organic solar technology can be divided into two main groups:
- semiconducting organic polymers,
- dye-sensitised cells (DSC) [7].
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Table 1.:The parameters of the most commonly used monocrystalline solar cells

Power [W] | Operating voltage [V] | Dimensions [mm]
5 12 220x250x18
10 12 370x250x18
20 12 500x350x25
25 12 500x350x25
30 12 520x510x28
40 12 530x520x28
50 12 630x545x35
80 12 1080x545x35

100 12 1205x545x35
140 12 1480x680x35

Solarpanels are manufactured in a variety of sizes. There are many categories ranging from
the very small cell of a few mhto the module of 1.6 fn The solar modules are made up of
small cells, usually 100 cheells connected in series and parallel. While unit price per power
in case of a 100 W monocrystalline solar cell is ~602 Ft/W, a polycrystalline solar cell with the
same performance is only ~484 Ft/W. Because of this difference in value for money, golycry
talline solar panels are the best choice to nsslar cars. In addition, the dimensions of the
solar panel can be selected depending on the location. It is advisable to install fewer but larger
solar panels on the roof or engine hobable 2contains the parameters of the most commonly
used solar cells. 10 W polycrystalline solar panel (in uppermost r@wtié 9 can generate
only ~98 W of electricity per square meter (since the solar panel has a surface of%,0.1 m
while its value for money is ~895 Ft/W. On the other hand, the capacity peutfaitesarea
of a 270 W solar panel (in undermost rowTable 3 is ~165 W/m, while its value for money
is ~284 Ft/W. (The used values for money and values per unit surface area are informative
average values given the large number of manufacturers and distributors.)

Table 2.:The parameters of the most commonly used polycrystalline solar cells

Power [W] | Operating voltage [V] | Dimensions [mm]
10 12 245x415x17
20 12 345x535x25
30 12 356x798x30
50 12 655x668x30
80 12 674x950x35
85 12 674x951x35
100 12 674x1131x35
130 12 674x1482x35
140 12 680x1479x35
150 12 674x1482x35
200 12 992x1488x35
250 24 992x1650x40
260 24 992x1640x40
270 24 992x1640x40

49



20201.1.2PIAGKF2020-00138 - a

+ AT YXIEEREMANYK €+ A0
ipari-kz f 1 2

a4t 3A F23elaldsy S

¢ N

-

(&
U S
—h >
w <
—_——
cn
=z >
B —
< -
ml—h
ax ul
o >
<
zs

7. CONCLUSIONS

The source of our inspiration was the World S@aallenge. However, these cars are-one
man vehicles and not particularly suitable for daily use. Several companies and universities are
already working to resolve this issue. Build a family car powered by solar panels.

Solar powered prototype is currently being developed by the Lightyear company and the
German startip Sono Motors. The Lightyear One is a large hatchback, withds solar pan-
els. The company Lightyear claims that the car can ad@8%Rm of range per day during
summer. It seats five adults and luggage.

The Sono Sion (Sono Motors) is an announced solar powered, electric car. The drive will be
a threephase induction motor with a power of 120 kilowatts (161 hp). The top speed of 140
kilometres per hour should be possible. The total area of photovoltaidesdd 7.5 rh The
daily range gained in Central Europe is at a maximum of 34 kilometres a day under favourable
conditions and on average over a whole year about 10 kilometres a day. The production of both
vehicles is scheduled to start in 2021.

An induction motor can operate by being powered exclusively by the solar cell string through
the DC / DC converter and inverter. The current is sinusoidal, so little torque pulsation occurs
on the motor shaft. The solar panel on top of cars can run tlor ordy at very low power.
Therefore, it is best, if only the battery is charged continuously by it. Another option is to supply
the auxiliary circuit of the inverter, independently of the battery, from a solar panel. The auxil-
iary circuit may cover the erol power of the IGBTs from the solar panel. IGBT modules
require high control power in pulsed mode due to their-Gaitdter capacity.

Consider an averagg@zed electric car with a consumption of 200 Wh/km and a roof area of
4 . Ideally 350 W solar capacity can be placed on a surface of this size. On an average summer
day, we can expect 3.5 kWh of electricity. This means that our car would ideally be able to
cover 17.5 km with electricity from solar panels. Of course, this resjthat the roof of the car
(where the solar panels are located) is constantly shining by the sun. Annually, this small solar
power plant can produce maximallg®1000 kWh/year of electricity, which is enough to cover
475065000 km/year. The annual average is 13 km per day. It should not be overlooked, that the
battery pack and electronic devices, charge controllers, and electric motor controllers have ef-
ficiency-reducing effect, which can reduce these theoretical distances.
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Abstract: This paper presents the LCA (Life Cycle Assessment) of traditional and electric vehicles. Among the
traditional cars, we examined diesel, petrol, LPG, and CNG, as well as petrol hybrid and diesel hybrid cars. In
case of analysis took into prtuction (indirectland inuse (direct) environmental emissions from a vehicle. While
using traditional vehicles, direct emissions are higher than for electric vehicles. In contrast, the environmental
emissions from vehicle production show reverse proportionality. Amonguthalative emissions, there is no

large difference. Depending on the design life and mileage of the vehicles and how they are used, an electric car
can pose an even greater environmental risk over its lifetime than a conventional car.

Keywords:LCA, electrical vehicles, diesel and petrol vehicles
1. INTRODUCTION

The accelerated extraction of crude oil and the gradual depletion of oil fields, as well as their
environmental impacts, are one of the most controversial topics in modern society. Crude oil
consumption is concentrated in two areas. One area is plasiidsigiion, the other is fuel
production. In the 20th century, vehicles equipped witteinal combustion engines spread
explosively and replaced conventional, anipaivered, or steafpowered machines. While in
1900 barely 100 million barrels of crude wiere produced annually, in 2019 this value had
already exceeded 3,000 million barrels. This about thirty times increase also left a very signif-
icant mark on the environment. In addition to the carbon footprint, the depletion of fossil fuels
as well as theffects of smog formation have also become key issue. However, we must reckon
with environmental damage not only for vehicles running on conventional fuels (petrol and
diesel), but also for electric vehicles. While indirect and direct emissions can rtdigdan
the former, only indirect emissions can be expected in the latter. If we look at vehicles from a
life cycle perspective, both indirect and direct emissions should be considered. For conventional
vehicles, direct emission is authoritative, wHde electric vehicles it is indirect. In the case of
electric cars, the way in which the electricity used is generated plays a very decisive role. It
does not matter whether the electricity comes from a fossil (e.gficadl or renewable power
plant (eg. solar). For electric cars, the battery is another key factor. The production of batteries
and their recycling and disposal have significant environmental effects. The question arises, is
an electric car more environmentally friendly than a traditional?o
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2. THE METHODS OF LIFE CYCLE ASSESSMENT

Nowadays, Life Cycle Assessment (LCA) is one of the most popular environmental man-
agement system tools, the application of which is the most expedient, especially for substitute
services, products, and technologies. Apropos of LCA, we quantify and ediv@ateviron-
mental impact of a product, technology, or service over its entire life cycle (production, distri-
bution, use, disposal of waste) and what and how much natural resources it uses (including
energy expenditure).

Based on ISO 14040, life cycle analysis can be defined as follows: " a method of assessing
productrelated environmental factors and potential impacts that takes stock of the inputs and
outputs of a system of productlated processes; assess the poteatigironmental impacts
associated with them; interprets the results of the inventory analysis and impact assessment
phases taking into account the objectives of the study " [1].

In the classical sense, a product or technology can only be described as environmentally
friendly if the product itself and the waste generated during its production and consumption do
not have a direct and indirect impact on the environment. In this,dbesecological balance
of a given product in the Acradle to graveo
ronment. In practice, a production and consumption process that can be considerdbgaste
is inconceivable. Therefore, the usetlo¢ positive indicator itself in this case suggests that
adverse environmental impacts on products and technologies are smaller. Recognizing the en-
vironmentally friendly nature of a product or technology is not an easy task and in practice we
may encountemany contradictions [1].

The interpretation phase: Life cycle interpretation is the final phase of the LCA procedure,
in which the results of the LCI or an LCIA, or both, are summarized arclidsged as a basis
for conclusions, recommendat i dmtlse gelaadd scbgeci si o
definition [1].

The Life Cycle Assessment study has four main phases. In the first stage, we define the
purpose and scope of the analysis. In the second stage, we perform an inventory analysis of
whether basic physical laws, such as the law of conservation of mattereagy,@revail. The
third stage is the most interesting, as this is where the impact assessment takes place. Based on
the inventory data, we assign an environmental impact to each material and energy flow. Envi-
ronmental impacts are classified intocled environmental impact categories. Finally, the
fourth stage is the comparison, evaluation, and deemigking of LCA results [1, 13].

In the second stage of the analysis, a reference unit is defined for each impact category,
against which other inventory data with the same impact are compared. For example, green-
house gases are measured in kg Equivalent. The impact of 1 kg of GOn global warming
represents 1 kg of G&quivalent. The contribution of nthane emissions to global warming
is given in kg CQ equivalent, which can be 21, 23 or 25 kg, depending on the method used.
An inventory data can be linked to multiple impact catezgofdi, 10].

There are different methods for weighting impact categories that allow the expression of
potential environmental impacts using an indicator aftercyide assessment. There are dif-
ferent methods for weighting impact categories that allow the expresgiatential environ-
mental impacts using an indicator afterddgcle modelling. In our studies, we can also use a
free trial version of commercially available life cycle analysis software called GaBi. The GaBi
8 software contains about 100 evaluation mégh(e.g. CML 96, CML 2001, EDIP 97, EDIP
2003, EPFL 2002+, TRACI, Eemdicator 95, Ecandicator 99 etc.), thus practically covering
the most widely used current methods. The environmental impact categories according to the
CML are given inTable 1.
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Table 1: The environmental impact categories according to the CML.

Environmental Impact Categories Reference Enwronmenta! Impact
Categories
. . . Global Warming Poten-
Global Warming Potential (GWP) kg CO- Equivalent tial (GWP)
AcidiphicationPotential (AP) kg SQ- Equivalent Audmhm&ﬂg)n Potential
Eutrophication Potential (EP) kg phosphateEquivalent Eutrophlc(%tlgo)n Potential
- . . Human Toxicity Poten-
Human Toxicity Potential (HTP) kg DCB- Equivalent tial (HTP)
Photochemical Ozone
Photochemical Ozone Creation Potential (POCR kg ethylene Equivalent Creation Potential
(POCP)
. . 5 . Ozon Layer Depletion
Ozon Layer Depletion Potential (ODP) kg R1% Equivalent Potential (ODP)
. - . . Terrestric Ecotoxicity
TerrestricEcotoxicity Potential (TETP) kg DCB- Equivalent Potential (TETP)
. i . . Marine Ecotoxicity Po-
Marine Ecotoxicity Potential (MAETP) kg DCB- Equivalent tential (MAETP)
. - . Freshwater Aquatic Eco
Freshwater Aquatic Ecotoxicity (FAETP) kg DCB- Equivalent toxicity (FAETP)
. . . . . Abiotic Depletion Poten-
Abiotic Depletion Potential fossil (ADP fossil) MJ tial fossil (ADP fossil)

3. TRADITIONAL AND ELECTRICAL VEHICLES

Internal combustion engines in vehicles require much maiatenance than electric motors
used in electric cars. Electric cars are fitted with electric motors that do not contain carbon
brushes. Electric cars are equipped with a permanent magnet synchronous machine (PMSM)
that can deliver high torque even whearsng the car at 0 km/h. These electric motors require
large Liion battery packs. Batteries generate electricity electrochemically, so their production,
use and recycling are not environmentally friendly. Theohi battery, on the other hand, is
flammable, so its use is not safe. The materials that make ugam lGattery, when released
into the environment, do more damage than carbon dioxide. Battery life is estimated at 2022
years, so ideally no battery needs to be replaced during the life of thtogaver, the reality
does not reflect this, the capacity of batteries is reduced by ak¥etBer year. Because of
this, the battery pack will be replaced prematurely because the range of the car will be greatly
reduced at low capacity. Obsolete baéiercan still be used for other purposes, but this does
not cause a large reduction in emissions. Due to the rapid spread of electric car use, there is a
growing demand for electricity. For this reason, transmission lines also need to be scaled up
and moreand more installed [5, 6].

In internal combustion cars, lubricating oil changes and fuel filter replacements cause a lot
of pollution. The production of lubricating oils is also associated with high carbon dioxide
emissions. Internal combustion cars also have a battery, whichnaleases emissions, but
these batteries are smaller in size and less flammable. Improperly maintained cars easily release
lubricating oil or fuel into the environment, which gets into the ground [11].
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4. TRADITIONAL AND ELECTRICAL VEHICLES

The Life Cycle Analysis was performed for 7 passenger cars with different fuels. The anal-
ysis in each case consists of two parts. On the one hand, we examined direct emissions from
fuel consumption and, on the other hand, indirect emissions from car poodéacording to
the EPD,thesesoal | ed Life stages AAO0O and ABO. Il n b
as the functional unit [9]. For all vehicles, it was assumed that no major service was required
for the first 150,000 km of service life. Thddblifetime was taken as 3@MOkm. Details of
the vehicles and fuels tested are givemable 2 [3, 4].

Table 2: Baseline data for LCA analysis.

Tested vehicle types Tested fuel types
EURO 6Diesel14062000 cni Diesel EU28
EURO 6 Petrol 140@000 cnd Petrol EU28
EURO 6 LPG 140000 cni LPG EU28
EURO 6 CNG 1402000 cni CNG EU28
EURO 6 Diesehybrid 14062000 cni Diesel EU28, Electricity EU28
EURO 6 Petrehybrid 14062000 cni Petrol EU28, Electricity EUJ28
Pure efectic 100 KW etectric motor Electricity EU28

Table 3 compares the emissions from the fuel used to cover 1 km. It can be observed that
the largest direct greenhouse gas emissions are found in the petrol car. The smallest value is
represented by the electric car. This value can be further reduced if thieigfacsed comes
from renewable energy sources or a nuclear power plant. It can also be seen that the direct
emissions of hybrid vehicles are lower than those of their purely diesel or ggsmieeed
counterparts. This finding is only valid for the EURQ@ategory. If we consider older hybrid
vehicles of EURO 3 or EURO 4 environmental class, their emissions exceed those of conven-
tional fuels of EURO 6 category [2, 8, 12].

If emissions are summed and compared to the electric car, the petrol vehicle is up 269.6%,
the LPG up 265.6%, the CNG up 263.5%, and the gasoline hybrid up 235.7%, diesel has
207.0% higher diesel direct emissions and 185.6% higher direct emissions.

Table 3: Emissions from (indirect) fuel consumption.

GWP AP EP ODP ADP elements ADP. HTP
fossil

Diesel 0,131 | 1,10E04 | 2,99E05 | 2,38E17 1,11E08 1,050 | 2,98E03
Petrol 0,158 | 1,44E04 | 2,38E05 | 6,32E17 1,18E08 2,550 | 6,16E03
LPG 0,140 | 1,25E04 | 9,60E06 | 2,74E17 5,13E09 2,530 | 4,68E03
CNG 0,133 | 6,77E05 | 3,51E06 | 2,94E17 1,04E10 2,520 | 1,41E04
E;if’i%‘ 0,123 | 1,74E04 | 3,05E05 | 1,61E16 1,19E08 1,741 | 4,29E03
E%rr‘i’é' 0,144 | 2,01E04 | 2,56E05 | 1,92E16 1,24E08 2222 | 6.83E03
Electricity | 0,089 | 4,28E04 | 3,30E05 | 7,08E16 1,49E08 0,008 | 9,52E03
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Table 4 shows the emissions from vehicle production per 1 km. It can be observed that in
all environmental impact categories, the electric car has the highest emissions. This is under-
standable, as the battery technology currently used represents a very sigaificeonmental
risk. The electric car is followed by gasoline and diggelered hybrids. In terms of total emis-
sions, the petrgbowered car increased by 35.3%, the bf@vered car by 34.7%, the CNG
by 34.58%, the diesel by 29.23%, and the petrol hytyi@5.67 % and the diesel hybrid has
19.81% lower indirect emissions.

Table 4: Emissions from vehicles production.

GWP AP EP ODP ADP elements 225” HTP

Diesel car | 3,46E02 | 8,58E05 | 1,64E05 | 4,46E12 5,07E06 1,71E+02 | 2,70E04
Petrol car | 1,21E02 | 8,08E05 | 1,82E05 | 4,08E12 4,63E06 1,57E+02 | 2,17E03
LPG car 3,58602 | 2,67E05 | 7,55E06 | 4,12E12 4,68E06 1,58E+02 | 5,85E06
CNG car 2,65E02 | 2,90E05 | 7,62E06 | 4,13E12 4,69E06 1,58E+02 | 6,53E06

E)',iﬁ 1,96E+00 | 556503 | 529E04 | 500E12 | 568806 | 1,92E+02 | 1,21E01
E;éfi’é' 1,99E+00 | 568E03 | 543E04 | 4,63E12 | 526E06 | 1,78E+02 | 1,26E01

Electric car| 2,05E+01 | 5,81E02 | 5,45E03 | 5,74E12 6,52E06 2,20E+02 | 1,29E+00

We summarize direct and indirect emissions. The results shokaflia 5 are then obtained.
It can be observed that the electric car has the highest environmental impact values. All this is
illustrated inFig. 1. based on the relative distribution of total emissions. The larger the area
under a curve, the greater the environmental impact of the car associated with it.

Table 5: Cumulative emissions (direct and indirect).

GWP AP EP ODP ADP elements gl:s)gl HTP

Diesel car | 1,66E01 1,96E04 | 4,63E05 | 4,46E12 5,08E06 1,73E+02| 3,25E03
Petrol car | 1,70E01 2,25E04 | 4,20E05 | 4,08E12 4,65E06 1,59E+02| 8,33E03
LPG car 1,76E01 1,52E04 1,72E05 | 4,12E12 4,68E06 1,61E+02| 4,69E03
CNGcar | 1,60E01 9,67E05 1,11E05 | 4,13E12 4,69E06 1,61E+02| 1,48E04

vesel | 2,00E400| 573803 | 560804 | 500812 | 569806 | 1,04E+02| 126801
Ejgr?é 2,13E+00| 5,88E03 | 568504 | 4,63E12 | 527E06 | 1,80E+02| 1,33E01

Electric car | 2,06E+01| 5,86E02 5,48E03 | 5,74E12 6,53E06 2,21E+02 | 1,30E+00
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Figure 1.: Cumulative emissions.
If we examine the percentage distribution of the environmental load of each car,Fig get
2. as a result. From a life cycle perspective, the most environmentally friendly car is gasoline

powered. This is followed in turn by LPG, CNG, diesel, gasoline hybrid, diesel hybrid and
finally the electric car.

Figure 2.: Relative emissions.

There is no clear significant difference between the results reported above. This is because,
in addition to the mileage expressed in km, the operating hours and annual km usage, as well
as the mode of operation, must not be disregarded. In urban cosditaironly consumption
but also wear and tear is more significant, so those cars may need more maintenance. It does
not matter whether the vehicle reaches the planned service life of 10 or 20 years. Older cars are
more prone to corrosion, so there is eaager environmental impact of maintenance due to the
body being locked and repainted. For LPG and CNG vehicles, replacing the gas storage tank,
while for an electric car, replacing the battery has an additional environmental impact. Battery
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replacement is more authoritative, so thedifele environmental emissions of electric vehicles
outweigh the same environmental impacts of conventional vehicles [7, 14].

Consider the case where each vehicle is used under the same conditions. Then operating
expenses can be divided into two groups. One group includes factors that occur equally in all
vehicles. Examples are the environmental effects of replacing wearingspatisas brake pads
and brake discs). The other group includes those that occur only for individual vehicles. For
example, in cars with an internal combustion engine, changing the engine oil or maintaining
the engine itself (control change). Since thedein the first group occur equally, they do not
substantially change the proportions shown in the above price range. Those in the second group,
on the other hand, do. Due to oil changes and maintenance of internal combustion engines, the
emission ratesf those cars are increasing. Since the electric motors of electric cars are practi-
cally maintenanceriented, the emissions there are unchanged, i.e. the proportions converge,
equalize, or even the weights can be placed t. If the batteries of electtylandl cars can
withstand the planned service life of 300,000 km, then theyitde emissions of each car can
be of the same order of magnitude, almost the same value.

At the end of the life cycle, we still must reckon with the emissions from the disposal /
recycling. Here, in the first place, the utilization of batteries may differ from that of cars without
batteries. Overall, therefore, it can be said that there smgmificant difference between the
life-cycle environmental impacts of individual hairy vehicles, so it is appropriate to conduct
further studies on specific cars.

5. CONCLUSIONS

Overall, there are no significant differences in the environmental impact of EURO 6 traditional
cars and electric cars. While in the case of traditional cars, direct emissions are authoritative, in
the case of electric cars, the production and recycliegyicle of the car is more environmen-

tally burdensome. Depending on the design life and mileage of the vehicles and how they are
used, an electric car can pose an even greater environmental risk over its lifetime than a tradi-
tional car. Of course, severaher factors (g. maintenance and refurbishment) also depend on

the life-cycle environmental emissions. The environmental impact of electric cars can be re-
duced if the electricity they use comes from renewable energy sources or nuclear power plants.
The continuous developnt of battery technology can also benefit electric cars. Based on all
this, the effects caused by each vehicle can be balanced. Diesel cars older than EURO 6 that do
not use a particulate filter are typically more polluting than thleictric counterparts. The en-
vironmental impact of hybrid vehicles is heavily dependent on the type of battery and charge,
but they are typically more environmentally burdensome than their traditional counterparts. The
future goal is a full lifecycle compigon.
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MEASURING TECHNIQUES IN THE MACHINE TOOL INDUSTRY

FEKETE Tani8sTH 2D8ni el

Ph. D., egy e tfekerd@uni-nsskofchhis e g ®d ,
Miskolci EgyetemG®p ®s z m®r n° ki ®s I nformati kai Kar, Szersz§8r
Szersz8§mg®pek I nt®zeti Tansz®ke
2gyet emi t an Sdardebtgha@lini-mibkelohsi zt § s ,
Miskolci EgyetemG®p ®s z m®r n° ki ®s | nformati kai Kar, Szersz§r
Szersz8§mg®pek I nt®zeti Tansz®ke
Kivonatt As zer sz8mg®pek az ipar szerves r®sz®t k®pezik. Am
akkor haszn8l atuk el engedhetetl en. Ol yan g®pek, amel vy
i s k®pesek voltak, m8eztagk . kA rXVIEIgly. p®@o mblaX. isz§W®adbal
k®sz2tettek szersz8mg®peket [1]. Ennek k°sz°nhetRen Kk
pek gy8rt8sa volt. A gy8rt8si egdmRd®sx8 gt e®@s ea sz &KrsRYE
t ec hmmel8lty el meg tudjuk vizsg8lni ezeket a g®peket. A

juk, a megfelelR m nRs®gT munkadarabok el R§l 12t §s§t,
Kulcsszavaks z er s z8 mg ®p , m®r ®st echni ka, pont oss8g, munkadar

Abstract: Machine tools are an integral part of industry. If we want to create some kind of machine element, then
their use is essential. Machines with which they were able to transform and process various materials already
existed in ancient Egypt. In the 18th &fith centuries, they mostly made machine tools for their own use. Thanks

to this, factories were later created whose purpose was the production of machine tools. Production precision and
the rapid development of the machine tool industry nee¢sdithe measuring technology with which we can
examine these machines. With the help of modern measuring techniques, we can ensure the production of the right
quality workpieces and the long service life of the machine tool.

Keywords:machine tool, measuring technique, accuracy, workpiece

1.SZERSZCMGEPEK FOGAL MA

Azokat a munkag®peket, amelyeknek a seg?ts®
l yen haszn8l ati t8rgyakat tudunk el k®sz2teni
| atban a g®pi meghajt8§s¥% k®ziszerszs8§makzaget
|l ata, de ez hib8§s. Szersz8mg®pekno®l a g®pkez
szersz8m egy¢ttesen k®pzett rendszer ®nek ( MK
kezotti kJglo pibtat@get az
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1. S8Abrsazersz8§mg®p ®s a k®zi szersz8§m
A szersz8mg®peket az al ak?zt 8si m- dok szerin
| ehet s®ges csofort bt BEBREADEMND] a az
1. t8hlgzatsz8mg®pek o0szt 8l yoz8sa az al
(saj 8t szerkeszt®s [3] alapj &n)
Anyagl ev8l aszt 8§8ssal Anyagl ev8l aszt 8s [Nagyenergi 8j ¥ sug
Forg8cso|Szigk®paefkor d ®as alb-o | gk®ipdRdpgeakl a Mte-le@@ﬂ)ek?Oly@@@l@kLgégégigé
Eszterg
Gyalug® Pr®sek H N
V®s Rg®p g®pek Ha Extr%der e
Fir - g® M@l yhviz-| 9®Pek Kg .
* g®p oIl -k yhoa kalap§gc . Kivgg-
Mar - g®p|Huzalel ekt Kivsag- M8 ngor | - Melegsajt Kiv§gg- Anyagfelr
:regeIRgT°mbeIektrL ukaszHideghengNIele hen T®rfogat a Fel o ltot
FTr®szg stb. y " Hi degfoly CRgh 9 stb ctb
Fogaz- g s Dr- thyz | ~SRNE09S stb.
Keszeor Tg RYg- gy§r esibg “z
Fel¢letfi stb. '
stb
Az1l. 't 8ablla8zja&tn bel 8t hat -, hogy a szersz8mg®p
f ® e m®r ®si el j8r8sra van sz ¢ks®g, hogy megf
tudjuk. A tov8bbiakban egy napj ai nkb&kn bies ha
mutatni.
22SZERSZCMGEPEK PONTOSSCGCNAK VI ZSGCLATA
A megfelelR minRs®gT munkadarab gy8rt&sa mi
zonyos i dRk°z°nk®nt k¢l °nb°zR me®r ®s i m-dszer
vek ©°9sszess®g®t kel ®rteni, amel yekekak el R-:
el vegezz¢g¢k. A m®rendR mennyi s®g jell eg®t tek
a m®r ®si m-dszereket t°bbf®l e szempont szer.i
A k°zvetlen m®r ®si m-dszernek azt az el j 8r &
kozvetl engl ker ¢ | °sszehasonl 2t 8sra a m®rt ®I
sz°gm®r Rvel)
A k°zvetett m®r ®si m-dszernek azt az el j §8r
°sszef ¢ggR egy®b jellemzR m®r ®se k°zvetlen m
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A szersz8mg®peknek az al 8bbi felt®tel eket Kk
- el R2rt pontoss8ggal,

-a legnagyobb mennyi s®gben,

alegkisebe ner gi af el haszng8l §ssal ®s

-a k°rnyezetet | egkev®sb® szennyezve kel

Az eml?tett felt®telek teljes2t®s ®re ol yan
a k°vetkezR szempontoknak megfelel nek:
-megfelel R geometriai ®s megmunk8l -pontos:
-termel ®kenys®g,
- alacsonyzajs rezg®sszint.

A felsorolt g@®@ptRubzdrgetaintsa8zgsokkabtaink us ®s a di n
s®g. A statikus merevs®g al apvetRen meghat §r
behat 8rolja terhel het Rs®g®5,6&s8 hat 8§ssal van

2.1. Geometriaipont oswi8Zmgs @8l @agyeness®gel t ®r ®s m®r ®s e

A szersz8mg®pek vi zsgeénetd fdalmakalatbeda e mmEn tajn&b - |l
rendfeR®sgys®gei nek -‘laks®se frebgeghRy,z eat m@erlelte mz Rk ¢
t 8rozott t®rbeld. al aigeometr® hemlehet8 | ¢ la ntdkihigm k s z e r ¢
megvsgltoz8§s8§t aiell 8 RdBaygeemgegs®Pyedkk el R2Tt r el
hat 8sairalLji®rzIih®tr @ak vetigpeaonmeStirliaanid -j el | emz Rk i
reahéePRPyzetiamel YyekmzR° z¢,I|f Romoztg&sgel8ynwyp8r huza
het R p &ketjakl®nd mz Rk-v i82 $ @ & ldchitts & igtr s aeyanagk@zatott
®s ki végps®yeizyadat8ssza; K *®y @p z n i

Ezen m-dszerek k°z® tart cEmgiykm8as 2 ne ey envedu® g
|l etel emp8rok ®s mozg8sp8lya egyeness®g®t ®s
egym8st - | . B8rmel yi k esetr RI | egyen is sz- ¢
l ¢nk. A referenciavonal azt erg8yf eoklvyRa ne,g yae nveasln-esk:
elt® R vonal szaka t ®rintR egyenes, amel yhe

i
v
S z
vol s8ga mni gt &6ek AR egyenes eVlihz2d y 2Rk ea®z ®d
egyeness®gel t®Rzr el @rtt etlimez ®s ®t

|

r&fekvRegyenes

2. 8Hgryaeeness®g el t ®r ®s el m®l et e.

A2. 8bapj 8n megs8llap2that-, hogy a r8fekvR
el a vonalszakasz. Amennyiben a vizsg8lni k2
ness®gelt®r ®s ®rt®k®t szeretn®nk nmemehlkelt 8r oz n
i sm®t el ni a m®r ®st. A tov8bbiakban ennek a |

Hagyom8nyos m®r ®stechni ka al kal maz8sa eset®
z-ra ®s egy indik8tor m®r R-r 8r3&a. | tadaa sz ¢ ks ®g
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3. S8Hryae:ness®gelt ®r ®s m®r ®se hagyom8ny

Ezen m®r ®stechni ka al kal maz§8§sa eset®n nem t

ben vizsg8lt egyenes) geometriai adatair- |.
el l enRri zni a m®rendR szakaszt .otA k°8zveoll?st§8®
felvett pontok inform8ci-i alapj8n 8l 1 2tjuk
hogya vi zsg8lt vonal szakaszt egyenl R hossz¥s 8¢
t 8spontban egy mechdnkBusiguzagyy editg i®s8 laizs el | ¢
nal z- t.8vol s8g8§t

A vizsg8lat eredm®nyek®nt megatudemnukz Ehd @p 2
tart8sa, ®@®@geamenrsgywyi med y r ®szeit kel kKijav?2t

3.¥SSZEFOGLALCS

Az egyenevsis®Yedlt ®r ®ts napj ai nkban | ®zeres m®

hetj ¢k, de ez nem jelenti azt , hogy a ci kkb
l enne jelentRs®ge. M2g a | ®zeres m®rRmTszer
m8&ny om-dszer t°red®k®be ker¢l, ®k &lotzal88 man er
k°z°k. A szersz8mg®pek ell enRrz®s®nek rendsz
sz°nhet Ren biztos?2that -, hogy a termel ®s f ol
el R§lI Il 2tani, v8ratlan | e8tsBl&nivAse sz®@dist®g
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LASER MEASUREMENT TECHNIQUES IN THE MACHINE TOOL
INDUSTRY

FEKETE T ani8sTH ?D8ni el

Ph. D., egy e tfekerd@uni-nsskofchis e g ®d ,
Miskolci EgyetemG®p ®s z m®r n° ki ®s I nformati kai Kar
Szer sz8§mg@®paks 2@k ®zet i

, Szersz§8r

2gyet emi t an Sdardebtgha@lini-mibkelohsi zt § s ,

Miskolci EgyetemG®p ®s z m®r n° ki ®s | nformati kai Kar, Szersz§r
Szersz8&8mg®pek I nt®zet. Tansz®ke

Kivonatt A szersz8mg®pek 8l 1l and- karbantart8s8ra napjainkb
| ®s i i g®nyek ®s a gys8rt-k k°z°ott kialakult versenyhel
miatt a teljes gy8§mh§ysbeholyamathel ggleltj @eh R§AMe Yiagy a
elvesz2teni az ily m-don kimaradt munkadarabok miatt.
ti k8 a m8r egy bevett, szigor8¥hbalnj Srirayysy.o M8 nyorst anug &g i-
mTszereket haszn§ltak, amel yek eredm®nyeinek a dokum
esetekben megval -s2thatatl an. A | ®zeres m®r ®stechni k:
| ®er sug8r val - -s2tja meg az egyenes ment ®n ®rtel mezett
neseket ®s a mer Rl egess®get. L®zeres pontoss8§gvizsgsgl
l enRrzReszk®©z®°k tiibp8ijkau sa nm®erc@hsatnei ckhanii kKaeihah | 8s ®s a hRd:¢
m®r ®st echni k8§t k2v8nja bemutatni ®s annak jelent Rs®gR®e

Kulcsszavaks z e r s z| 8®ge®p,®s, pont oss8g

Abstract: Constant maintenance of machine tools is very necessary these days. The increased production demands
and the competitive situation between the manufacturers do not allow the entire production process to stop due to
the failure of a machine tool. If thigigation arises, the manufacturer can lose huge sums of money due to missing
work pieces in this way. For these reasons, the regular diagnostics of machine tools is already an established,
strict procedure. In the past, instruments with traditional indicatwere used for the accuracy tests, the results

of which are difficult to document and the continuous recording of which is impossible in some cases. The laser
measuring technique is a n@ontact measuring technique where the laser beam realizes threttbabstraight

lines and perpendicularity required for measuring the accuracy characteristics interpreted along the straight line.
The advantage of laser accuracy testing is that no inspection devices are required. Mechanical bending and ther-
mal deformabn errors are also typical measurement technical errors of control devices. The article aims to pre-
sent the laser measurement technigue and its significance in relation to the project.

Keywords:machine tool, laser, measurement, accuracy
1.BEVEZETES

A projekt kevoleot7#0BALtZeluslVa, e OING ¢(kemBblar 41 &
8t al ak?2t8sr a, amely egy -2@0r0o0 tdoatr2apou sp @l eds8zn,y dree
c®I . A protot2pus akkumul 8torainak el hel yez:«
vezni, amely kor8&8bban a beltsRPUDs TEmon owsj mi a
el emeinek p8rhuzamoss8g8nak ®s mer Rl egess®g®

[ i f

rukeci szign i k8ns 8talak2t8sa v®gett szg¢ks
sz8mg®peket, ill ek¥Vze° i cPRED®pekea keldeénesz®:
mi NnRs®gbi ztos?t8s miatt rendszeresen meg kel
kivs§gl m- dszer Mi vel a protot2pus m®g nem Kk
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tal 8l hat S z e r S neh8Rm R peekkéeyne kve® g eszitk er esen | ehe
SRbbiekben. A fepeRetb®se melnen ®s al et es bemutat 8sr
1. 8AbrVaOLVO 7700 B9L t2pus% sz-1| - -bu

Az adott alkatr®sz | egy8rt8&8s8nak pontoss&8gs
geometri asjameloyné mmeax § @® pvlegzy®sret SREkuUIBEg ¥ ng ®p geo -
metriai pont oss8g8n a g®p $Reseke®E&ezpbdnt egy §
a

T megfelelR fel¢letek alakhTs®g®t

i megfelelR fel¢letek egym8shoz viszony?2tot
T a sz8nok mozg8§sp8lys8inak alakhTs®g®t ,

T a mozg8sp8lys8k egym8shoz, i lploenttwe s& gf§dl, ¢ |
mint

I a mozg8sok p8lyam@enti pontoss8gs8t ®rtij¢k

A munkadarab pontoss®gakdvgd ®nglerziREIRI porst ds
yeket kieg®sz?2tR ponto€g®ki t°dlblnymz Rk HKelhede

a geometri aer Proatt DB kMeghs BI t 0z8s a,
cresj8rati vagy ter hel ®salakthnavt8tl it omelse g e
a g®pben fell ®pR r oo ®xadk amzast8ys 8r a bek

d®s
O ve

A szer gy 8mg@®pstioss8§g8t a vizsg8lati szabvS§8ny
®s szerel ®si ponttagaysgaogk®os s g tel megglkat®s!l ehe
T ter heezleenel ne®nk, 2 k ®F i mozgat 8s Y,

T terhel et®Rege®pi moezsg a8tr &ast %,

T pr-bamunkadar abok @sershzedrts z 8rnmeonkd stz°eme ghei vl
mo z g a[8].8 s ¥

Az egyetemes forg8csol:- szersz8mg®&pek 8dd \8i-k

zatmutatja meg.
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1. t8Algzantsz8mg®uek jBsz tsFleypkzapsga® ®$ |
Egyetemes forg8csol- szersz8§mg®pek 8ttek
Szersz§mg®p JellemzR mozg8sok
Jellegzet FRmoz®g§s. Mell®k@;noz.g
. vl®gzi ve®gzi
Csoport Fajta Jellege Mdb 1Szs 2 §Jmellege Mdb 1Sz s
Cs¥%cseszterga
R°vid-, vagy|fronteszterga
Sikeszterga . .
Eszte rRevolvereszterga Esztergl Forg o Folyamatos 0
T°bbk®ses espterga
Automataeszterga
Hosszgyal ug®g Line 0 0
Gyalug/Har 8ntgyalug®@Gyal uk®s alte 0 Szakaszos| 0 vagy 0
V®s Rg®p 0 0
Asztali fv -d Egy, vagly t°obpb®lT 5 5
f%r - g®p, Sug f Yar - Lineg§ 0
1 .
SRR CEvr— (horig Egy. vag Forg L folyamatos
- 1 0 ®s -
f var - mT frvar-, K 0
Konzolos mar {g®p 0
Mar - g@Cllv8§nyos marl- g®Mar - Forg 0 Folyamatos| 6 ®s /| v §
Port 8l mar - g®f 0
. Lineg§ .
KerfTr®sz FTr®SZt§rF%Sr%- folyamatos oVl
FTr®sz|{Szal agf Tr ®s z FTr®szslzhimgBris 6 |Folyamatos o
Keretes f[irashr @szllap"® Szakaszos
alte 0
i regel Rg®p Hvaz - t ¢ s|kLei ne o .
1, 1 s
Alal(h/ltzK(;IsR alakh¥z. - g®@ar - | apegyi f © Nincs
Kerk°sz¢gr Rg®p
Kesz¢riS2kkoszorTg®p KoszorTKH For g o stlyamatOZ(‘)®s/ o)
£l k°sz°or Tg®p gy
Csiszol  -Kfrorg- Folyamatos| . .
Csiszol - g®p szalag hal ad 0 (k®z o vagy ©
Ketottsz .
Fe|.|etD°rzscsiszol- (chsinsndol) For g- 0 Alternsi. ©
g®cpek Laza szemcse + Al ter 5
Tekr°s2tR (lepp8FRypag®pFor g¢- 0 folyamatos
Ketottsz Forg- y
csiszol hal adq 6vagy 0
Finomt okr°s2t{R (szupenfRemigR!| R) o] folyamatos
Az1.t 8§blb8limdszTrhetj ¢k azt a k°vetkeztet®st, |
zatoss8ga miatt speci 8lis m®r®stechni kai el ]

22LEZER¥BSZSGCLAT

A megfelelR minRs®gT munkadarab gy8rt8&sa mi
zonyos i dRk°z°nk®nt kegs$ 2 hDBZAR® I r&Ssii mm-ddsszzeer
azon elvek °sszess®g®t kell ®rteni, amelyekn
seket el5v6Rpgerz zm&r endR mennyi s®g jell eg®t tek
fé¢éggv®ny ®ben a m®r ®s i m- dszereket A°b®f ®fI es s
zsg8l at (2.bcegehbgyad ez @aIN®B®MEe Nt es m®r Re § azk ° z a
m®| et i emeygeareesss elseRalgreban egyenes ment ®n  ®r

Vi
el
l emzRk m®r ®s®hez sziks®ges i de8S8H®pe £ gglelnerskRrk
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2. 8bk@zeres m@r Rberendez®s.

A | ®z eRbeesr em@Bll ¢ a®ELEban egy 4 ®xval adi n®s egygy kv &
s®get thAratgmeness®gelt®r ®8. m@bt@&ama®nek el vi

-

; i
! !
; i
i i
= o - IA'A------IAA\ - =
Rogzitett egyseg . _I' E Mozgs egyséq i Mozgo egység
Py i
A 1 ::L,,,,,,,,,J
P i
b i
P 1
v |
-
L ;

.y
L B

Meérendd objektum

3. 8B8Me@pyeness®gelt ®r ®s m®r ®s ®nek | ®zerr

A3.8briss,t hat - r°gz2tett ad- egys®ge¢nk, amely
mozdul atl an helyzetben marad. A mozg- egys®g
“wgynevezett r8fekvR eggkeReROMKkdte] vRttto w8 BRI o
fogjuk | 8tni a m®e®rendR objektum fel ¢ {l et ®nek
rendel kezi k az adott vizsg8l at.i hel yen. Ezt
zetesen Kkijel©°lt) pontj8ban izk?®°neinks mRgye !l grgd
seg?t s®g®vel meg fogja mutatni a m®r endR o0bj
pontos koordingtsg8it is ki | ehet nyerni a jel
val - s2todt fgnBi&tjd 8hol®dyesa er g8&n v®geztem el a viz
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4 . S8HEhgryae:it emes eszterga | ®zeres pontos

3.3¥SSZEFOGLALCS

A szersz8mg®pek deslzleareBBr 2B&s emegf el el Rmzan Ki vi |
tos2tja, hogy a termel ®s folyamatosan megf e

k2vip®zares m®r ®stechnika seg2ts®g®vel a Vv8ra
cs°kkent ®se megol dhat-. A cikkben bemutat 8sr
tel ez®s®nek a | ®p®s ei A korszer kkm®r ®stseethn
sonl2tva, hogy sz8m2t. .- g®pes m®r Rszoftver seg
t ®sre, a m®rt adatok t8rol 8s8ra ®s | 8tvs8§nyos
felt®tele a modern gys8rt8stechnol -gi 8nak.
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EV T¥LTFfFK VILLAMOS ANALCEZI SE
ANALYSIS OF EV CHARGERS
KOVCCS ASOMOG@Y!I NE MOLNCRJCRMAtS K8§roly
PhD.hal |l gat -, attila.kovacs@zf.com
Mi skol ci Egyetem, G®p®szm®rn°ki ®s Informatikali I
El ektrotechni kai ®s Elektroni kai I nt ®zet
°PhD., Egyetemi docengudit.somogyine@unimiskolc.hu
Mi skol ci Egyetem, G®p®szm®rn°ki ®s Informatikali I
El ektrotechni kai ®s Elektroni kai I nt ®zet

SDSc,E g y e t e nkaroly.jarmagarunimiskolc.hu
Mi skol ci Egyet em, Energeti kai ®s Ve
Vegyi pari G®p®szeti I nt®zeti T

gyip
ansz

ar i
®k

Kivonat: Az el ekt r o nEtedric YeBidlemBEW & kt (| t Rber e n d ekz°®z=ed jtkeeltng rekneRrse s z
hat 8st gyakwbl bhmas$ nadkmoesrzgi- dingiran R@®g e z enke ma Iti°nlet8kki si st er h
Ne feledkezz¢gnk meg arr - | sem, hogy manaps8g az egyr e
d8ul a nagyteljes?t nfast@hirgingBtatiorFCS) miattRhk n 8 r kB g@®hyE ! ent R
Cltal 8ban ezek a berendez®sakkagl Kfb¢zRBmogytB°BItt- ksaltltoansse-§
sokj el ent Rs har moni kus Zheheknmkeirbto cree8g \8& It t oezrteadi nh®ansygeB W | la & m

al akj 8§t , eltorz2thatj 8k azt. Emi att jelentRs 8ramhar |
inform8ci - van az EV t°ltRknek k°zvetl enttRk @rzRle npee djii ¢
m®g keveiskl bc ®lAjaak,o0 rhlocagtyi m®r ®si eredMMPNR&kl am@ppBBngimua
8r amhar mezmteikausok szabv8&nynak val- megfelel Rss®g®t .

Kulcsszavak§ r a mmi nRs ®gt oha? m&nei k eb eeklterkotnroosmq s§ ringfrvretkv,e k t © | t
j 8rmT t°ltR8I1 om§s

Abstract: Electric Vehicles (EVs) can indirectly have a significant impact on the power quality of the electricity
distribution network through their charging facilities, as these chargers are alstimear. Let us not forget that
nowadays their energy demand Is@significant due to their growing number and their increasing complexity,
e.g., Fast Charging Stations (FCS). Usually connected to the utility grid, charging stations from different manu-
facturers can cause significant harmonic emissions becthey can change the shape of the current sine wave,
distorting it. This can result in significant current harmonic injection into the grid. Unfortunately, there is little
information on the direct impact of EV chargers on power quality and even les3S®nHargers. The aim of this
paper is to present the levels of current harmonics generated by charging stations and their compliance with
standards, based on practical measurement results.

Keywords:power quality; harmonic distortion; electric vehicles; electric vehicle charging; electric vehicle charg-
ing station

1.BEVEZETES

Az el m%l t n®h8ny ®vben jelentRsetn® Ime@KlRit t a
soks z8AMa.el ektromos j 8rmTvek t°l t®sqHinaiafvials§ga

a nyilv8nosan el ® hetR t°ltRk sz8ma el ®r heti
hagyom8nyos | ass¥%, 4,8 MMiBZa ikonodl8ys)k iphe2dv §s aak
vill amos h8l - -zat fejlesztRket, illetve a vil

Vannak olyan EV tulajdonosok, akik ink8bb ot
munkai dRn t %l vaegy mehéet Re®dgkkeznek saj 8t tu
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er RmTvel AgHRKEXt romos aut-k t°lt®s®nek a vil

mos param®ter befoly8solja, az egyidej Tleg f
z®r | ®si al goritmusa, a t°ltRk tel epayyis@si hel
nap mely i dRs zak §[B.aAa EVht &sl zt nREkl bj eunk naeznol ki ante 8§ r i s

roni kai eszk®z%ket haszn8l nak. A tipikus st
nagyfrekvenci 8s transzform8tor haszn8l ata ®s
8t alak2t - -k, sazaggdtl tkRkh asezdn &lsatt m®ny el ektror
pezi k. Ezek mTk°d®s®bRI ad-d- tulajdonsg8gali
z8j 8rul az 8ram szinuszhull 8m al akj 8nak a tc¢
hez.

2.AZ ANALCZI S CELJA

Am®r Rsgeki k c®l ja, hogy gneaghkorzlsai8ijzwkzgekiz el §
zatra telep2tett elektromos g®pj &§rmTvek tolt
injekEgBEefkt Rs®y ny2lik arra, hogy inform§c
hetj ¢k azokat potenci 8lis harmoni kus zavarfo
energia minRs®g®re. A vizsg8lt berend®z®sek
nyT ®s nagyteljes2tm®nytiesyyroem@ry @iRkk vsd d raikn
| 8tva hat8sos, felharmoni kusokat kiszTrR el e
gyor st °l| t RFag CHargingSwatotFCS)j el | e mz R s z 3Pk iathcaa smjn-i |
t8si szinteket is. Term®szetesen ilyen kev®s
t ®seket | evonni, kiindul §si alapnak viszont
majd haszn8l ni egy °sszehassoaml 2tte:] eepl?2eamezt®@®s tsd
moni kusok eseb®Bempekrepbetci - elv®t | ine8risr
azok rendenk®mn,t & sts°zletaRlk- dsnza8km&e& ad kY 2y ocssaant Ir

s°zleta
pontjukon, azonotefrkadmokh®ktsokzagGphimt %ad - j a.
3. AHCLEZAT ANALEZIBTHMPBRSESI M

A m®r ®s ak®lslmaet§Ren harmoni &lusktmomés §is®kmiv e
rendevi®zcsagdé g u Nor m§l ®s gyorst°ltRket i1s a

ki bocs8jt 8§8s §RastFosrieklrasstorgfe T X utkr g nszf or m8ci - se
®rt ®kk kih@ez®4Tgy SPQA824 t 2 pus Y 8ht§ |h azspit Samflaul ki z §
szef Rbb jell emzRi: regisztr&8l 8s MI N/ MAX/ AVG,

kus anal 2zi s, patch elemi®sesvilto@®§stanank?e
5, 5t ¢€ls, bekapcsol §8si §ramok r°gz2t®se. A mTs
maz- 8l tal k ®s z 2 [5leatl ta phj &8snz, n 8§ri2 gt ia Wt°mguttdtet t ad
Topview 2.2.2.3 verGA- m&r ®gbfetwv ead @Pardnezk R r § I®tn
form8lt adatok segdhtl SRpn®wglbrmrneakeskemk®bt et ®sr

3l.Hagyom8nyos EV t°]ltR8I 1 om8s vizsgsg8lata

Az1l. 8lIb§t8mat - a vVvi zs g8l tLumEBVCR221 2 RE$ Ya0ln@ s e n dEe
230/400VAC/50Hz mely az egyi k egri c®g mags8ntul aj
A berendez®s kimeneti teljes2tm®nye 2x22kW,
Protokoll: pillanatnyilag az OCPP protokoll 1J6S ON W eSrnwoigMa oy ar fej | es z

gy 817} 8s
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Eavh atl°2] zti Rs8el . |

A2. 8@bra@j 8n megs8l |l ap2t@GsatGrasgkmuholgyl a8 maeisz gk

nem tekinthetR jelentRsnek. Ezen az 8br8n | 8
lyik, ez 10,7% anax2 3, 72 A k®pest, ami jelentRsnek mon
okozhat. A nullavezetRn megjelenR 8ram a t°|

2.

200

EV tolt6 fesziiltség és dram hullamformak

Feszlltség [V]
=]

8
[=]

-400

—— Fesziiltség 1 Fesziiltség 2

ég3 — Fesziiltség NPE Aram2 Aram3

Araml

30

-30

AramN

Aram [A]

S§hBhagyom8nyos

EV t°ltR torz2tott
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A3. 8bm®&®rt 8ramok spektrum8t szeml®l teti. I
a spektrumbandlell vwd 2 ¢tkR agr dmot i s, mel yet a
hat -an ennek az amplit¥d:-ja a |l egnagyobb az
nek foglalkoznia kell, 1 dRszakos hRkamer 8s e
belmelged ®s ek miatt, illetn§eameyg keVEkene aginme

felv®telt

Alapharmonikusra
vonatkoztatott amplitado

100 (%]
90
80
70
60
50
40
30
20
10
0 e S S, S |
1 2 3 4

EV t6lt6 dram spektruma

5 6 7 8 9 10 11 12 13 14 15
Harmonikus rendek sorszamai
W Aram1 amplitudé Aram?2 amplitudé Aram3 amplitidé B AramN amplitudé

3. 8bagyomgNy 08Brlahn®Rl | §mf or m§j) 8naempar mésdi k@ s s
tevRi saj 8t m®r ®s al apj &8n.

Ha megvi Zsg8bjagiona a szupraharmoni kusok kat
2150 kHz) amplit¥%d-i k°z¢gl tobb is | 8t hat
sel el mondhat-, hogy szupraharmoni kus torzz2t
eredm®nyt

laphar ik vonatkoztatott amplitudé . B
%] EV t5lt8 IN aram spektruma

HM O M NN HDOMEH OO ONE SN OO H NN HNDOREN OO AN OO S OME HN A MW O m
E RIS IS I S I I B I R I = == RS IR R === = e I i PRI N R VI S PN N N

4. 8SbhHagyomENy 0RrlanRl | § mf oszuprdhgrBon a k u s-a Bp laimt %d -
°sszetevRi saj8t m®r ®s al apj 8n.
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A k°vet kelzERbI®20P2saabvs8nynak val - megfel el Rs(

el . AetehdBRz®s k©°z?°s(PGCHmeRirlita kioezl §seis p8amtno nh ar

m
THD=2,880volt. AZIEEE512 022 szabv8ny az 8ram teljes h
engedett maxi m8I| i-isg@&ryw ®KkRd r ian ttie | [[TatabGuogentaknu st
Demand Distortion TDD)®r t ®k ®v e | adja meg, amely a k°z®©°
pont, a PCC zs®)r |Rast ia z8 raadwstntaske s(Blk farr 8tneg/ I8t e ll R f § 1
az ar §np/16o=s3P4 B0, trh8t8hd §zat stg®hptsaertrerl
har moni km®r tsk £%2th&s . Ha 3ne g§lbhazi@RnEikysSurka nao k

spektrum8t, akkarh®smoreivikhetRenthemgk®nti hat §
ci 8ra vonatkoztatott amplit¥%d- sem ®ri el . E
rendez®s ®s nem rontja a villamos energia mi

32.Nagyteljesauttm®mpys®r st°l tR v§lzlsmyrgd sad ka

Az5. 8lb§t8maBtYjDu KK9dJDet @ pus é&mos buszok t°lt®s®r
kW t 2gpywosr¥% t °© It (F&st Charding $1&8ienFCS)400 VAC / 50 Hz,
U= 150 VDCi 1000 VDC, kimax= 200 A, a berendez®s ki menet:
Protokoll: az OCPP protokoll & v e r8zmo-g a tMatgty ar @ge 8 {8 8§zt ®s ®s

O

YR 2

5. SWORCN t uTITAN 12k W4t FQEIEYdgyord © 48t R carm8asl 2 zi s e .
A6 . S8lbgtS8mhoguvuka ®es Bglamsu&gz hul | Smamnté&kitotr ke

j el ent Rsnek, a null avezetndknl?5l,,6 2430 A\ k8® paens tf,o | ay
gol hat -nak mondhat-, ez®rt a hg8l . -zatr- -1 az 8§
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EV FCS Busz toltdallomas fesziiltség és aram hullamformak

AramN

Araml  ——dram?  ——Aram3

— Ferrilltndg 1 Fesriileség 7 Fesriltség 3 ——Fesyilltség MPF

6. SDBITANI20k W t 2 pus¥% FCSIEYmMggototr 2PtRBtt feszgl
form8k saj 8t m®r ®s al apj &n.

A7. 8abrng®&rt 8ramok spektruma, a harmoni kus r
ampl it %d- i | 8t hat -ak. Az egyes rendekhez tar
|l el ®s®t a k®sRbbiekben el emezzg¢k.

Alapharmonikusra
vonatkoztatott amplitido
[%]

100
90
80
70
60
50
40
30
20
10
0 _ [ | _ [ |
1 2 3 4

5 6 7 8 9 10 11 12 13 14 15

EV FCS Busz toltéallomas aram spektruma

Harmonikus rendek sorszamai
B Aram1 amplitidé Aram2 amplitidé Aram3 amplitidé  BWAramN amplitadé

7. 8§ DBITANI20k W t 2 pus¥% FCSIHBWTsul $§ 8Mlf oR m8j §nak
nikus8 r aacimp | i t ad- ©°sszetevRi saj 8§t m®r ®
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Ha megvi Bsg8bjmagiona a szupraharmoni kusok kat
2150 kHz) amplit¥%d-i k°z¢gl tobb is | 8that - .
sel el mondhat -, hogy szupraharm-ni kus torz?2t
eset ®n lkimpi it Yd- -t .

Alapharmonikusra vonatkoztatott amplitudé
'tl‘ ' EV FCS Busz tolt6éllomas IN aram spektruma

8. S§BITANI20kW t2pus¥% FCSIBMUEMHswl $ 8MftoR m§j §na

Szuprdarmon i k u s-a@p laimt %d - ©°sszetevRi saj 8t n
Ebben az eset belkEEi5%920@3slzamRr8inynalk azmal - me g f
tobhemRendez®s k°z° dPCE®rit aket§eis BoOAtriiHB)ar moni
87 volt. Aig@®hyesz&riamti bhabDbDp v ®kaungekl tyo raz 2kt °8§:
villamos h8l . .-zati <c¢csatl akosd8 s®Ris pmntadoa tP &G z
§ram8npakar@iny &t berepdgz®s HB1B3&N KVAoTsaegunder 400
oldali gyTjtRs2nj ®re csat |l0AERzrdtK ,a rmEIDPANmeKS ta

[21523A =418 ami0, t & h 8t8bha §zat s7@mniyt s etrelnjtes h§
t or m®r §hkekbet a mMB®Kktos8 THD%®rt ®k meghal adj a ezt
Ha megvi Zs g 8lb@tRnorakuss r amok spektrum8t, aakkor
11. rend 4,68% meghaladja ennek a harmonikus rendnekagl% h at 8r ®r t ®k ®t , i |
3, 7%, a hat8r ®r ®t ®k 2 %. Mi ndezekkel egy¢tt
berendez®s ®s csak csek®ly mey®@t®kad ems atolna k caz
ton.

4 K¥VETKEZTETESEK

A kutat8s egyik c®lja, hogy megvi mashag!| j uk,
t 8 ®pj 8§ rankTkvuenku | 8t t°ol rta® snRatk@ ble®Renr&lzt®s ek 8§r amha
°ve

r
j ekt AImM®s ®si eredm®nyek el emz ®s eetvwnhgtjokledA k t
m®r ®s sor 8§n rendenk®nt. i S8ramt abhyem®dnhkuoumohike
torz2t8st (IEEEDI920s ragbk8§ny¥rmak val- megfel el ®s
g®vel vizsg8ltuk meg. A haeydmSmeynsdd,t s824dnmnéds
szempontb-1 megfelelt a szabv8ny el R2r 8saina
gyor st °bkkiRs §8hm®rotm@8k ben meghal adta a harmoni ku
de ez nem tekinthetR jelentRsnek. ¥sszefogl a

| amos energia minRs®g®re gyakorolt hatg8suk s
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1.T§bI§IEEzE5192022 szabv8§ny szerint | ehets®ges

hol:

5.
[1]
2]

[3]

[4]

[5]
[6]

[7]
[8]

[9]

120V-t - | kV-i§) @EEE 5192022, IEEE Standard9)])
Harmonikus | Harmonikus | Harmonikus | Harmonikus | Harmonikus | Teljes dram-igény
hatirértékek | hatdrértékek | hatdrértékek | hatarértékek | hatarértékek |szerinti harmonikus
Isc/T rendek szerint |rendek szerint | rendek szerint | rendek szerint | rendek szerint torzitds
[%0] [%] [%0] [%] [%0] (%]
2<h<l1l1 11=h<17 17<h<23 | 23<h<35 35<h=50 TDD
<20 4.0 2.0 1.5 0.6 0.3 5.0
20<50 7.0 3.5 2.5 1.0 0.5 8.0
50<100 10.0 4.5 4.0 1.5 0.7 12.0
100<<1000 12.0 5.5 5.0 2.0 1.0 15.0
>1000 15.0 7.0 6.0 2.5 14 20.0
O — (1.
B
THD 2)
lh=h-adi k rendsz8m¥% fel harmoni kus 8ram effek
' 1T = alapharmoni kus 8ram effekt2v ®rt ®ke,;
Dh= egyedi har moni kus 8ramtorz2t §s,;
THDI = teljes harmoni kus 8ramtorz2t8s.
FELHASZNCLT | RODALOM

Global EV Data Explorer. Available onlinkttps://www.iea.org/datandstatistics/data
tools/globalev-dataexplorer(accessed on 4 November 2032024.03.13.)
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2016, 39, 268273.
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MODELLING OF P-N JUNCTION OF A SOLAR CELLS

KOZSELY GS8bor

Ph.D., egyetemi adjunktus, gabor.kozséBuhi-miskolc.hu
Miskolci EgyetemG®p ®s z m®r n° ki ®s | nEbekatbkaechKakai Fi nit B
El ektrotechni kai ®s El ektroni kai I nt ®zet

Kivonatt A napelem cell 8kban az energia8talak2t8g8s oly m-d
napelem anyag8val ®s ez elektromos t°lt®shordoz-kat ¢
zetR di -dgval egyezneekg @netgd s @&@hgeyz neTl ke°ndg@sdih ee levt J ke nm e z e k
korl atban a szil2cium alap¥% napel emekpmeStsmedeat | e@e | t
mut atja be, amenlaypeklieinmdcuell- -1 §pboannt jlae ja8 § §nadk- f ol yamat ok
Kulcsszavakf ®1 vezet Rk transzport f oplny manteamettranziens 8§l 1 a

Abstract:In solar cells, energy conversion occurs by radiation interacting with the solar cell material to generate
electrical charge carriers in it. In principle they are like a semiconductor diode, so fundamentalstanéing

of their operation is essential tonderstand their principle of operatioln practice, silicorbased solar cells are

by far the most widely used, so this paper will briefly describe mofigls junction which is the starting point

for simulating the processes in the solaid.cel

Keywords:semiconductor transport mechanisms, transient state descriptiofunction
1. BEVEZETES

A fotovoltaikus rendszerela napf ®nyt napel emek seg?2ts®g®
§ramm8 al ak?tja. Napjainkban a hagyom8nyos f
giat er mel ®s gyorsan n°vekvR ®s egyre fontosabtl
giat er me loR -tgeicshknhoz k®pes.t viszonylag %Y kel et
A napelemcel |l a mod&tl memretsb eal alpg j§&tls zp- d- f ol

alapul Ezek a folyamatok nemcsak a napel emek
roni kus eszk®°znek, p®l d8ul a | ®zerselknrzell @pj 4
k®pezi . A ®lzvielz8rtdRtke setl m®| et ®nek nagy r ®sz ®t

t 8k keis a®v4eOk v @gs®Mv@@sk aezl e5®n .

2.MODELLALKOTCS FOLYAMATA

A modell al kot 8s a tudom8nyos gondol kod8sm-d
ré¢leten jelentRs szerepe jJ8tszik. Seg?ts®g®v
t®nt, vagy most t°rt®ni k, il 1l ef?2eRt°r ARRPAE gh
szok p®l d8ul szeretn®k meg®rteni ®s el Rre | §
doz8sait, a beruh8z8sok hatsg8sait stb. A poli
hogy adott politikas®ggyhpglyani kag p8akuh®ps
rol-gusok a hossz¥t8v¥% ®ghajl atvs8ltoz8sokat

| ®ma a vi | -8 nreyneerrsgl @ghaoly edtoezi-nek f el m®r ®s e, K i
t
I

ernat2v8§k kutgs8&®&rd®B®pseahadasm®os? ki munka pe
®m8kat veti fel, m®g az adott tudom8nyter ¢l
A rendszer ®s a modell ez®s fogal ma szorosat
fizikali objektum valamilyen modell j e, amel yn
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| e2rhatjuk aAnrmsazka kmTrko°dda®@sn®atk. a rendszer fogaln

| ®t e al apj[46;6defini 81 j 8k:

A Az anyagi vil&8g vizsg8latunk t8rgy8t k®pe
cs°nhat 8eslbeame ki ®vsSRs zes s ®g e .

AA rendszer 8§l 1l apot a, il 1l etve a bem®mse al ej 8
ki menR, valamint a belsR jellemzRkkel 2rh
A A k°rnyezet k°lcs°nhat8sban | ehet a rends

d®s®nek peremfelt®teleit.

21.Makroszkopi kus ®s mi kroszkopi kus megk®zel 2

Az egyes probl ®m8k m®g ha azonos t?2pus¥ak
felt®telekben k¢l °nb°znek egym8st -1, ®s ez a
m®|l £2akember ek az Yj probl ®ma kezel ®s®r e egy
hogy megol dan8nk a k®r d®ses feladatot, megol
vessz¢gk alapul kis v8ltoztat8sokkate &zt - hzf
hogy hogy megfelel® mddep®PtdaS8kbasetatzt egl s z e
oszcill 8tor, azaz egy r®szecske, amelyre oly
egyens ¥l yi helyzet ®b Rl zeal egkiak®r @m@weé ld8s &t
rendszert a zi kusok megl ehet Rsen nagy si ke
| ens®gek ma mint a krist8ly fajh
m8gneses su zi-ja. [1; 7

A modell m z vagy kiv8laszt8s8ho
rendszer fizi emes 8l tal8ban a | ehe
kor a geometr tR | egki®mmel meSkabr ec
et el hanyagoljuk, ®s
seknek az ell enmond8§s
e g oll drott @ ruik,. Ma naez Eezrsede!
meg. [ 1; 7]

®s®re az 8l talunk megf el
ges matemati kai appar 8§tu
a k?2s®rl marrelh. mEgéklbs
n van n®h8ny olyan par
par am®t erek miatt a m
k Eme gaezgty eizsn ejke lae nkt2is, ®rhl
egyi ke a saj 8t par am®t
dj 8k. Ekkor r®szletese
liRegth ¥k ag W Rnyom8sf ¢gg®s, eset|
|l et gradiens ©°sszetett hat§s
j sol nak. Ekkor wviszont m
k2s®rl eteket tervezg¢nk, [
Ik ai rendszert. [1; 7]

|l kod8sm-dban k®t al apvetFk
a vezetnek. Az egyi k meglk
gi kus, a k megk@®zel 2t®s a mikroszk
makroszkopi kus vagy fenomenol ogi kus k°zel
: amelyek karakterisztikus m®retei nagyok
nhat 8sok r®szleteit el hanyagol jeulkj.8 rESbshoekna t
al mazunk az®rt, hogy a k°l cs®nhat8sokat f
hani kai mozg8segyenleteinek 8tlaga az el e

77

°cu»vw w— o —

()]
wn
o)
< =< 0O -
8 o
[=%]
& = -
V]
=]
NS

z adott

3O @3oU@Ee 03w

Q)>CD °>W)(‘D
> N

n
=~

30
O —w;w
O X ©°



2020112P|ACKF4202000138 i)\ffIY{FﬁS)ﬂ(SI&Eny ai GAYILEATHES AYY:
ipari-= F12aat 3AaA F23el &l s $é féluN:evza 2t NJ
A mikroszkopi kus megk®°zel 2t ®s mechani kai ®s
A mechanika | ehet Kklasszi kus, ha testek | ass:s
kus, ha a testek a f ®nysebes ®gh &antuntheclal i seb
ni ka, ha a rendszer m®rete at omi vagy szubat
c®l ja az, hogy a fizikai rendszerek energi §j
ban meghat 8rozzuk. Az il yeedmnp®myd ®mMBIk anzwytod rd
ti kus fizika alkal maz8s8val megkaphatjuk a r
[1]
erekre hat:- t®nyezRk el vben

A mTszaki re
Csszetett o
nevezet't

I hat §sok miatt t°bbnyire Az§
z8rt
tal atot felt®t

z
n
ndszer hat 8r ai agyskakrkai tagpask-° | ®s e
e

22.Transzportfolyamatok #Benomenol -gi ai |l e2r §s

A tapasztal atai

nk alapj8n azt az 8l tal8nos
hagyott, neme gy ens Yl yi 8|

| apotban | ® R rendszerben,
Az egyens¥l ytal ans8gok megszg¢ntletheBksaelget ol y an
°sszefoglal- n®ven transzportjelens®geknek n

Transzportjelens®g fogal m8n a vizsg8lt rend
egyi k r®sz®bRI egy m8si k r®sz®be t°rt®nNR el n
hajt-ereje az adott extenz2vemebhumuyme®glhes®ygz

alakult gradiense a rendszeren bel ¢l . Il I yen
transzportja), hR8tvitel (energiatranszport)
mos vezet®s (el ektr.omosv al®|lst8gsheakn terzaenks znpiordij
matok. A val - s8gban azonban egye tlen Il ntenz?2v me
s®g 8raml 8s8t is induk8l hatj a.

23.Napel emek cella fel ®p2?t ®se

A napelem vagy m8sn®ven fotovoltaikus el em,
tovoltaikus kifejez®sbRIlI ) olyan szil 8rdtest
befog8st) k°9zvetlen¢gl villamos energi 8v§g8 al a
A fotovoltaikus hat8s szorosan kapcsol -dik
eset ®ben az f®ny abszorbe8l  -dik, ami egy ele
8l |l apotba t°rt®nNR gerjeszt ®s ®t okolzatag§ s Ak if Re ]
ma m8r 8l tal 88ban akkor haszn8lj 8k, amikor a:
v8kuumba), ®s a fotovoltaikus hatg8s kifejeze
m®g az anyagban van. Mendk®1 &séebé&ezekelttt
val, ®s a f®&nynek el egendR energi 8val kell r
potenci 8l g8tat. A k¢l °onbs®g fizi kai | ®nyege
i szti kus velzted i®swse | € mias sfzoit-ovmpedi g di ff Y%zi - v
potenci 8l k¢l °nb°®zRs®gbRI ad-d- el ektromos t @
z- - kat, azaz el ektromos 8ram j°n | ®tre. Ez a
rendefl&reyzfRorr 8s eset®n is lezajlik, nem szg¢k
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_ Elllsé fémelektroédak
B g
/" _vedsiiveg
e / F __Antireflexios réteg
— ee————— * Si réteg
% terhelés ™ p-n atmenet
—eeme)* Siréteg
oo \ - Hatoldali fémezés
PRI Y e e . Mianyag hatlap
elektronok aramlasi "’\\\_\ . = e
iranya ~> Hatulso elektrodak
1. S8Hbargay;om8nyos napelem szerkezet.
A f®l  vezetR napel emek al apvetRen igen egysz
f®nNyt, ®s az elnyelt fotonok energidekt®nak eg
noknak ®s-8ltyadkmaknak f ® vezet R dtii- daa hsazr®d ovz8-| kaas
kel etkezR el ektromos 8ramot el Rny°sen egy m
egyszerTen egy f®l vezetR di-da, amelyet gond
konyan elnyelje ®s el ekny oenoesr gin®jr§ti 8vAl md m«
t ®s1. ag@nbtatjabe.
A felsR ¢vegborztgs v®edi a napelemet a s®r
egy olyan speci 8lis r®teg van, ami a refl exi
mert a szil 2 e8itumilsesgzaalvilrbn R roa% rr e 9 e xfi ® nsy rbeokr .2
t°bb v®kony r®teg dielektrikumot jelent, ame
hogy a r®teg el ¢l sR ®s h8gtuls:- felg¢let® RI v
ol tsa egym8st a@s akhaggmpy aa htullrl &@smhwts szt - |, 249y
hull 8mhosszra igaz a teljes kiolt§8s.
Az optimali z8ie8$s hudrd 8mhao ss&0d anmi ni mal i z 81 | &
van a beesR f®ny intenzit8smaxi mum8hoz. M8sf
res, amel yet a napelem YWgysem tRm®ras @lkalsetnets
n°velje.

Az el ¢l sR f®mel ektr -d8k m®rete ®s al ja i
Ha t % sz®l esek, akkor kitakarj 8k a beesR fq
gener 81t 8ramnak t Yl nagy t 8vo8lsigygsot fk®&ll Ve zmee
a mi n°veli az ohmos vesztes®get. [ 9]

ak
e

B3FELVEZETfFK FIl zZI KCJA

A napel emek sz8mos f®l vezetR anyagb-1, 1|1 egg
krist8ly polikmngiygtr8lhyads k®s Namel Emeket gy 8rt
Cu(lnGa)Sse®s CdTe anyagokb- | i s, hogy csak n®h§gn
t8b-1. A napelemek anyagait nagyr ®szt az al e
mennyire illeszkednek a napelem spekt2rcuum8hoz
umot gyakran v8lasztott 8k, mi Videszkednelsaznapr pci - s
el em spektrum8hoz, ®s a szil2ciumgy8rts8si te
iparban elterjedt.

A szil2cium, g e ram8neinui nd, |®sg fao ng aolslaibuom j el | em

tem fel: [10; 11; 12
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1. t8N®BEmYy :f ® vezet R fontosabb tul a
M®r t
Jel © Si Ge GaAs o
Fogal om megné s ®g
Rendsz§&m Z 14 32 - -
Vegy ®rt ®k el g n 4 4 - -
Ol vad8spont Top 1414 938 1238 AcC
Tiltott s&8v { Eo 1,12 0,67 1,424 eV
El ektronok md €n 0,135 0,39 0,88 m?A VA's
Lyukmozg®kony &p 0,048 0,19 0,01 gem
Fajlagos el lq } 2, 1’Al 4, 6'A| 4A% 0| g/
Permittivit 83 Uy 11,7 16,2 13,1 -
Il ntrinsic kopf i 2A1Q 25 1,5A 1°0 em3
Elektronok di p, 35 100 290 crPs?!
d-j a
Lyukak diff i Dp 12,5 49 10,4 cméAst
A f®lvezetR szerkezet ®ben, il letve eszk©°z?®°
al 8bbi alap °sszef¢gg®sekkel 2rhat- -k | e:
A at°l t®shordoz-k mennyi s®g®nek i dRbel. v 8§l
|l etve folytonogss8gi egyenletekkel
Ala t°l t®shordoz-k mozg8§s8b-1 sz8&8rmaz- §ram

A a t°lt®shordoz-k mennyi s®ge ®s helyhez k?©°
t ®r r el -egyanlettelsilletve Gauss °r v;®nny el
Ala vezet®si ®s eltol 8si §r a-mgyknle.sszegz ®si

Ezek az °sszef¢igg®sek 8l tal 88ban differenci 8
lett a f® vezetR anyagjellemzRit is tartal ma
A f®l vezet Rben k®t k¢l °nb°zR jellegT 8ramv.

Drift (sodr-d8si) 8ram: a f®l vezet Rben a vil
t 8l yban | ®t es2tett el ektromos:- kK ®mez R&EsPya k ak
tett ir8nya van. A |Ilyukak a t®r ir8ny8ba, az:
sebess®g¢k ar8nyos az el ektromos t®r nagyss8g
v al A mozg®konys8g fegfght @ash®t dezek Rsagdgmygst
m®r s®kl et ®t RI . [10; 11; 12; 13]

A nem egyens¥lyi 8l |l apotokra is ®rv®nyesek
mar ad8si , il 1l etve |l yukmegmar ad8si , val ami
[11-15]
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4. AP-N CTMENET MODELLEZE£SE

Apn 8t menet egy n t2pus¥% ®s egy p t2pus¥ f(
8t menet k®t ol dal 8n el tn&rs ad efs®&l vae zt €thbgsoRiga r it t°
mi kus egyens¥%W yban nincs f&maem,gi @8n ak de fhied yxzie
l ennek kel l enni e. Mi v el a k®tf®l e f®l vezet
s®ge van, -t& plusWkdlaratdpasyb tlaff@ mmBEdlymak di ®s |
k®ppen az etflekuasdonokyspigbtndr taom8nyba diffund§8I
kor rekombin8l - -dnak. Ennek k°vetkezt ®ben az

el ektronok, c¢csak a pozit2v ®s negat2v ionok

mivel a |lyukako®siazgghé&brlatilag kig¢gr el nek
t°bbs®gi t°l t®shordoz-k rekombin8l . -dtak, e Z¢
seml egess®ge

Ap-r ®t egben a negat?2v (akceptor), az n r ®t e
z®rt a | 8that:- t°lt®sfelhalmoz-d8§8§s t°rt®nik
j 8k. Az iono 8l tal | ®poéethkoe mihévezhek akg-L)|I t s ®
yozza a tov8bbi diff¥zi.-s t°]t®smozg8st.

en potenci 8l g8tat k®peznek, amin csak azo
dR energi 8va rfeYazdie-l k emteekn ceihgle za tA° ldbd S ®¢g
vagyis a diff%¥zi-s 8ram foly8s8t teh§8t

ki sebbs®gi t°lt®shordoz-kat 8tsodorja a
eks®zz |l @ss &gf r S8kapcsol 8sa a krist8lyra, h
I a termodinamiKkai egyensw y ®s a dif
Il r8nya ellent ®t es, ki eg¥yagynd 21t ik
ordoz-k t®rbeli v8ltoz8g8s8t fel tudj uk

ne s oo

Kk
b
g
I
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ON — 3 cw®d @uWw N
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Az el ektrosztati kus potenci §I « v8l tozik
sz¢ks®ges peremfelt ®t el ekl a®degydn®tbbi ak szerin

ng o T (1)
ng @ 5 2
Cgy egydimenzi - *ssettbhegm,g®sz2 Eien htasizm 8| va, &
a k°vet kezRk ®p3pegyenlet: e het fel 2rni; (
w EXP AL o PO
R D 7Ag ° b 7Ag €)

AR egyenlet egyenletben | ®vR fizikai 811 a
szokt 8k ©°9sszevonni , a ifir)ngvezhek a szakirndaknakbdtréke s z ¢ | t
al apj 8n a di #fedyenlettelehat megadmni:c i §1 t (
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A fent.i egyenl etbebPazizal-®PepPt ®t el ez®s ®I , h

Ezek al-apg€&memaepben az el(eci@sreszkatrioknos p ®r

(E)a k°vet kez Rk ®p pbe n 6 ggydnletekjlImé5) ad ni ; (

, 5 g @
s Py 5 o

i CR g @ mn (5)
v p N
w ¢ I g O
. T g @
' 2

%0 R 0 @ g @ 1 (6)
riN
nﬁa 200 @ n o @
L T g O

Az x=0 helyen az elektrosztatikgsot enci 81 nak egyszer folyton
l enni e a t®rer Rss®gnek pedig folytonosnak Kk
k°vetkezi k az Qa)egbnet °sszefsigg®s; (

22 @2 @)

A fenti °sszef ¢gg®sbRI az is k°vetkezik, I
nagyobb az adal ®ksTr Ts®g az adott tartom§nyl
k¢l °nbs®g van a k®t ol dal adal ®k RkR®Phs ®ge kyy
ol dal 8ra terjed ki. A kig¢gr2ztett r8aeghPsasgt a
egyenl etekkel mags8& ca egyerafgeggal p¢el8ingl ahet

I 89
6 oot s ©b
PP (8.c)

A4 ®acg €Egyenl etek felhaszn8l 8s8val Sz8m2t
®s a kig¢gr2tett r®teg vastafs gl § mmarteteamadt k oz - a
2 . SkepgBAND®zZR esetedkelkamr os z 8 mE(tikjss eploa ketnrca ngc
t ®rer RE3)} ®bt 8§8zol ja a kontaktfel ¢l ett RI mer t
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Par am®t er 1. eset 2.eset | 3.eset| 4. eset 5. eset
Az e f ekt 2v -
s®@ept ar t o(N§ 1 1 100 100 10000
e m
Az ef f ekt 2tsvT
S ®agzent ar t oMag 10000 100 100 10 10
e m
. Y _
5' Pt Yazi - sUof| 4653 | 03490 | 04653| 04072 | 05235
—
A kigrztettl oo05 | 02141 | 1,7567| 7,0068 | 83285
n ®s p toar
A kigrztettl o) gm0 | 214081 1,7567| 07007 | 0,0083
n ®s p gk
A kierztettl o g5 | 216222| 35134| 7,7074 | 83369
Wp, € M
z —alx) —a2x)  — a3(%) G4x) —uas5x) &
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Kontakt fel ¢l @tdamRlI me®rt
2. 8birla®>nb°®zR esetekben sz8&8m2tott el ektros:

t ®r er Rss®get (E) 8br8zolja a kontaktfelg¢

5, ¥SSZEFOGLALCS

A sz8m2t8sokhoz csak fizikai ®s geometri ai
m®nyek ©°sszhangban vannak a vonatkoz- szaki
eredm®nyek k®pezi k a tovS8bbi szimukﬁkifkgalea
l embe a hRm®r s®kl-keviab®sht ndeggl ¥ t P bb®ai p
fejti hat 8s8t, amely nagyobb hRm®r s®kl et tar
nenci 8lis jellegT.
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Abstract: Over the past decade, the numbers of solar power plants and the capasi#jled have increased
rapidly. In Hungary, the total installed capacity of-lsw power plants in 2010 barely exceeded 2 MW, in 2020

this value will already exceed 1000 MW. Hungavants to reach 6000 MW in the capacity of solar power plants

in this decade. Solar panels are not only spread in solar power plants, smaller ones have also used in laptop and
mobile phone charges, as well as in electric or hybrid vehicles. -polaeredships appeared years earlier, and

it didn't take long to create solgrowered airplane. In the case of land vehicles, light vehicles-fbp&ople
appeared in the first round, but we can also find examples of family cars and vans.

Keywords:contaminant, solar, DC/DC converter
1. INTRODUCTION

As is well known, several factors can affect the operation of solar panels. We have no influ-
ence on certain factors in case of fixed solar panels, such as the ambient temperature, the inten-
sity of the solar radiation and its angleirndidence In addition to these factors, we must also
consider the effect of natural pollutants as shadow formers. These factors are difficult to iden-
tify, and their impact cannot be calculated in an exact way. Surface contaminants have two main
effects on solar deoperation.One effect is the shadow effect, through which the power gen-
eration capacity of the solar cell decreases. The surface contaminant reduces the active surface
of the solar cell. The other effect is the thermal insulation, as the contaminants deposiged on th
surface of the solar cell act as a thermal insulating layer, thereby reducing the heat dissipation
capacity of the solar cell and warming over. As a result of the heating, the terminal voltage of
the solar cell decreases. As a result of both effectsallae cell continues to work at a lower
operating point, which essentially means an efficiency loss [1].

Since solar cells are semiconductor electronic circuits containifigjarnetion, persistently
high temperatures can lead to degradation of thgymction. In essence, the recrystallization
of cells causes a permanent decrease in efficiency and shgrt#nifetime. Under extreme
conditions, it can even lead to rapid burnout of the cells, i.e. immediate destruction.

Sources of contamination can be natural or artificial. The most common natural sources of
pollution are animal fecetgavesand pollen from vegetation, agricultural fly dust, or sand in
the desert environment, and volcanic ash near volcanoes. Atrtificial sources of pollution include
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dust and soot from industry, power plants, household fires and transport, or minerals in the
wash water. Surface contamination reduces efficiency. In the case of a solar cell placed on a
roof, the amount of contamination cannot be determined, but undeataty conditionsKig-

ure 1) we can place an exact amount on it and infer from the results obtained.

1. Figure: Leaves as large contaminants on the surface of the solar cell.

Larger contaminants such as leaves or high patrticle size (e.g. sand) roll off the surface of the
solar cell. Some of the fly dusts come into contact with water to form a muddy layer on the
surface of the solar cells, so they partially run off, but thenaiete removal is a more difficult
task. The most common airborne dusts, such as PMM 2.5 and PMM 10, adhere electrostatically
to the surface of the solar cell, making them the most difficult to remove. However, the biggest
problem is animal feces, primaribird droppings. Because they are concentrated on a small
surface, they can form a thick layer of thermal insulation on the surface of the solar cell. Such
contaminants, mostly affecting one cell, less often two cells, create hot spots on the solar cell.
These hot spots are more prone to permanent damage, faster destruction. However, it is more
difficult for bird droppings to leave the solar cell in a natural way, so their artificial removal
may be justified. When removing contaminants, care must be tal@rsure that the water is
hard in some geographical areas. After removing the contaminants, make sure that the water is
hard in some geographical areas. As a result, the hard water evaporating from the solar cell
causes surface contamination in the fafiiimescale or mineral deposits [2].

Hot spots are detected primarily by thermal imaging. In a highly polluting environment, it is
advisable to perform the thermal imaging examination annually, so that it is easy to filter out
which cells have been damaged or defective. Faulty cells can giféeoperation not only of
the modules but also of the entire solar power plant. The more failed cells, the greater loss in
efficiency of the system. Some manufacturers give-aQt@ear warranty on their solar panels,
therefore feedback to a distributomanufacturer within the warranty period for defects may
constitute a free replacement of the module.

Contaminants reduce the operating efficiency of the solar cell, i.e. the instantaneous effi-
ciency, which also reduces the amount of generated electricity. The extent of this reduction also
affects the operation of sotppowered equipment. Depending on émyironmental conditions,
there may be a decrease of up to several percent in the daily energy production of solar cells.
Measurements and simulations are required to quantify the effects, as there is currently no exact
mathematical model to pinpoint them.our research, we performed measurements to estimate
the effects.

2. SOLAR POWERED CARS

Since the solar panels generate direct current, it is an obvious solution to place them on top
of vehicles and connect them to a 12 VDC system. Although solar panels are not enough for
running an electric car, however they can provide-powo the controtircuits or provide a
slight increase in range. Over the past decade, many vehicle manufacturers tried to build solar
cars, with greater or lesser success. Solar powered prototype is currently being developed by
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the Lightyear Company (Netherlands) and the Sono Motors (Germany) [5]. The parameters of
solar cars can be seeriliable 1

Table 1.:Comparison of solar powered prototype vehicles.

Name of prototype Lightyear One (Car 1) | Sono Sion (Car 2)
Manufacturer Lightyear Sono Motors
Total area of solar panel 5 n? 7.5 nt
Solar range 50i 60 km 34 km
Ratio of solar usage 57% 19%
Nr. of seats 5 5

The solar panels are always used to charge the vehicle battery pack, however, electric cars run
on tens of kW electric motors. On the other hand, only a few hundred wadtargbower capacity
can be placed on them. It follows that solar panels alone are not enough to charge and operate the
vehicle, therefore, the iportance of solar cars lies primarily in the daily commuting of the urban
population. It should not be ovedked that most cars are usually used by one person at a time. For
this reason, it is unnecessary to produce large and powerful solar cars. It would be practical to design
these vehicles for daily, loywower commuting, rather than for a family car. It istwoesearching
in this direction and developing cheaper solar cars [3, 4, 5].

Figure 2contains the monthly distribution of the amount of solar energy measured in Budapest
with a 45% soutHacing Pyranometer. It can be observed that about 71.2% of the annual solar
energy falls in the period from April to September (6 months). As the tested solar cell has an effi-
ciency of 18.75%, the electricity generated by the solar cell would be 256.6kpér year.
Because the solar panels in the electric car are located almost horizontally, they are able to produce
only 85% of this value. We can cownt an annual energy production of 218.12 kWih/m

The Car 1 has 5 hand the Car 2 has 7.5 mf solar panels. Accordingly, the solar panels of
Car 1 produce 1090.6 kWh of electricity per year and the solar panels of Car 2 generate 1635.9
kWh of electricity. If both vehicles have a consumption of 200 Wh/km, which is the average con-
sumption of theelectric cars currently in use, the Car 1 would be able to cover (5453 km) per year
and the Car 2 (8179.5 km). The energy conversion efficiency of the vehicle, which is the product
of the charging, storage and @ conversion efficiencies, should not be overlooked. The energy
conversion efficiency varies between®Wbo depending on the charge and the type of battery used

in the car [3, 4, 5].
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2. Figure: The monthly distribution of the amount of solar energy in Budapest.
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3. Figure: Comparison of monthly solar range of solar powered vehicles.

Table 2.:Quantifying daily solar range of solar powered vehicles in every month of a year.

Month Car 1 [km/day] Car 2 [km/day]
1 4.65 6.97
2 6.81 10.22
3 12.02 18.03
4 19.33 28.99
5 21.83 32.75
6 21.43 32.15
7 23.49 35.24
8 23.23 34.84
9 17.81 26.72

10 15.95 23.92
11 6.32 0.48
12 5.78 8.67

Consider a conventional electric egith an average roof area of 4.nideally 750 Wp solar
capacity can be placed on a surface of this size. The annual energy production of these solar
cells is 872.479 kWh. With so many solar panels, neglecting the losses, it would be able to
cover 4362 km per year. This means an averddd .85 km per day. It should not be over-
looked that solar cells are contaminated by contaminants in the environment around them. Con-
taminants reduce their efficiency, thus the range of gmlarered cars [5].

3. POWER ELECTRONICS IN ELECTRIC CARS

Thetransmission system for electric cars is simpler than for cars with combustion engines,
as there is no need for a clutch, a large gearbox. The transmission system is driven by an electric
motor. It is advisable to install electric motors in vehicles thaaeha high starting torque and
are as constant as possible. This assumption is well satisfied by the permanent magnet synchro-
nous motor (PMSM). The PMSM motor is usually thpgmase, the rotor is made of permanent
magnet, so the need for maintenanaeirimal. The stator requires thrplase AC voltage for
winding. The speed is proportional to the frequency of the voltage.
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The power electronics circuit diagram that can be integrated with the solar system is shown
in Figure 4 The AC voltage is generated by a thpesanverter (DC/AC converter) from the
DC voltage of the battery. The switching elements of a modern inverter consist of SIC MOSFETS,
so the inverter has good efficiency. The inverter is controlled by a microcomputer that implements
a field-oriented drive,lius providing the highest possible torque at any speed. The inverter is a
voltage source inverter, so its input requires a constant DC voltage that is connected to the interme-
diate DC circuit. Here, a buffer cagitor performs voltage smoothing [6, 7].
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4. Figure: Voltage and flux variations as a function of frequency

The battery voltage varies over a wide range between charged and discharged. In most cases,
the nominal voltage of the battery is lower than the rated voltage of the motor, so a DC/DC
converter must be used. In order to increase the range of the cagvisable to use kinetic
energy in the form of electricity when braking. In regenerative mode, the PMSM machine is
able to feed electricity back into the battery during braking. The amount of voltage generated
must be controlled, as it is much higher thia® battery voltage, so a voltagslucing DC/DC
converter is required. The two DC/DC converters can be combined to create a bidirectional
DC/DC converter (buckoost) [8].

The range of the car can be further extended by charging that battery withr &slh The
solar cell generates a constant direct current at a constanntggity The solar cell cannot
be connected directly to the battery, as the solar cell generates a lower voltage than the battery
terminal voltage. The solar cell is a current generator, so-aiptBC/DC converter is required,
which uses the Maximum Power Poiracking algorithm (MPPT) of the solar cell to charge
the battery [8].

4. EFFECT OF CONTAMINATS
In the first round, we performed outdoor measurements, the aim of which was to see to what
extent the pollutants deposited on the solar cells reduce the performance and production of the solar

cells. For the measurements, a 1.5 kW peak power solar syated pn the roof of a garage with
a 20 A sl ope wasFigwesDed i n an urban area (

89



z

20201.1.2PIAGKF2020-00138 - a

+AEE L YTEEREMANYK €}
ipari-kz f I 1 2

a U
a4t 3aIA Fz23eéralids|1 sSa §

5. Figure: Measured solar panels on the roof of a garage.

On the first day, the solar panels were cleaned. Subsequently, we continuously measured the
performance and energy production of the solar cell. The solar panels usatrats were
washed dalily. In the first days, we hardly experienced any differences in production. By day 9,
the peak performance of the solar cell had decreased by 2.53%, with cumulative production
losses approaching 10%. On day 9, a thunderstorm clderesblar paneld-{gure 6). As the
amount of deposited powder could not be measured, laboratory tests weed.stdue aim of
the laboratory test was to determine how much dirt deposits cause power loss or loss of produc-
tion [9].

6 Figure: The ninth day was dirty solar panel (left) and p@sh solar panel (right).

In our laboratory tests, a K& type solar panel was placed on a table of the same size during
measurements. The ambient temperaturiéflhewas 20
type of solar panel is monocrystalline. The surface of solar panel was illuminated by eight re-
flectors. The voltage and current of the solar panel were measured by a METRBOINX
digital multimeter. We peluted the solar cell with powder havingufodifferent properties.

These were sand, fly ash, soil and urban dus.dlist concentration was betweed®g/panel

(0-150 g/n?) at 5 g/panel scale. The weight of powder doses was measured by a Volteraft PS
200B jeweler scale. The method of scattering was the sieving. The maximal grain size was 0,5
mm. Due to the sieving; pollutants can spread almost perfectly over the entieesimfthis

way we can approximate the real deposition much better by eliminating large differences in
grain size (selection of larger grains). When the solar cell is exposed to light along with hea
radiation, causing a certain amount of voltage drop. The pollutant accumulates the heat, thereby
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enhancing its negative impact. The greatest reduction in voltage was observed for ash, the

smallest nonlinearity was measured with sand [10;1l&. results of voltage drop can be seen
in Figure 7.
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0,00%

Dust concentration [g/panel]

® soil sand fly ash
urban powder  ceceeeees Polynom. (soil) Polynom. (sand)
Linear (fly ash) Linear (urban powder)

7. Figure: The measured voltage drop caused by contaminants.

Similar trends can be observed in the case of voltage and cile@eases. The decrease of
illumination can cause the decrease of current, which is further exacerbated by surface contam-
ination. As pollutants spread on the surface in a thinner but more extensive layer, their shading
effect deepened the amperage reductidhe greatest reduction in amperage was observed for
ash as in case of voltageigure 8 [10,11].

100%
80%
60%
- 0. ® @

20%

0% o

Decrease of amperage [%]

Dust concentration [g/panel]

e salil sand fly ash
urban powder  ececeeeees Linear (soil) Linear (sand)
Polynom. (fly ash) Linear (urban powder)

8. Figure: The measured amperage reduction caused by contaminants.

The decrease in power provided by the solar panel is a significant problem, while electric
motors have a constant significant energy demand. Since the product of these two quantities is
the electrical power, similar trendsigure 9 can be observed in the case of voltage and current
decreases [12].
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9. Figure: Powerreducing effect of contaminants.
5. CONCLUSIONS

The highest specific surface area has a significant impact on the operation and lifetime of
the solar cell. Lower density pollutants as ash form a thicker insulating layer on the solar panel,
resulting in more heating. The ash data set shows a polyndmaiaje as a function of concen-
tration due to this thick cover layer. If the solar cell operates at a higher temperature, the service
life is reduced due to the nature of the electronics.

The other three contaminants show a close, linear change. At low concentrations (below 15
g/panel) no significant difference was observed between the different materials. It is expected
that later measurements with low concentrations are worthwhileftdas case we can examine
a case that is closer to reality. Under real conditions the cleaning effect of the air flow can
remove a significant amount of larger grain size contaminants. Only contaminants that remain
electrostatically adhere on the surfageirthermore, wet contaminants are difficult to remove,
resulting in permanent performance degradation.

At concentration level of 10 g/panel (20 g/m2) the power loss was about 8%. Consider an
average roof area of 43mwhich means ideally 750 Wgplar capacity, 8% power loss cause
numerous reductions in total solar range. The annual power loss of this solar car is 69,798 kWh,

which is equal to 448.96 km solar range loss per year. This means an average of 0.956 km per
day.
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MATUSZ-KALCSZ DHSBIODNCRZENNYFTEME s
KOZSELY G§ b r

lPh.D.egy et emi daddniatuskaas@uhi-miskolc.hu
Mi skol ci Egyet en,n fG®&pnRastzink®rin °kKkair ,®sFi zi kai ®s EI ek
El ektrotechni kai ®s El ektronikai Tansz¢

2PhD., egyetemi docensstvan.bodna@uni-miskolc.hu
Mi skol ci Egyet en,n fG®&pnRastzink®rin °Kkair ,®sFi zi kai ®s EI ek
El ektrotechni kai ®s Elektronikai Tansz¢

% ans z ®k tamas@ny@dnkmiskolc.hu
Mi skol ci Egyet en,n fQ& pnRast zi nk@ari B PKeakrt ,@eR iezcilknazik &Basi | T ® 5 e K

“PhD., egyetemi adjunktugiabor.kozsely@uni-miskolc.hu
Mi skol ci Egyet em,n fQ&pnRastzink®arin °Kkair ,®@sFi zi kai ®s EI ek

El ektrotechni kai ®s El ektroni kai Tansz!
Kivonat: Az ut - bbi ®vekben az elektromos mobilit8s vil 8gs:
egyi k vesz®l yforr8sa az energiat8rol 8sra szolgs8l . - |2t
mTvek sz8&ma nR, azzaRgeetgty g nSersmTavreskn ysbzaShman R sa kA cel | §k
spont&§n cellaz§rlat, vagy ak8r a g®pjs&§rmT felt°olt®se
meghi b8§sod8&8sa sor8n a t°ltR8ram mebhb@®p®8E§e8es®®laemeygea|
folyamatokat vizsg8ltuk meg egyar8nt B0 @&BskhRa8zbh8§WVEI ¢
A vizsgs8latok sor8n azt tapasztaltuk, hogy a m8r hasz
mint az Yj cell 8k. A k2s®rleteket sor8&8n megfigyel hetF
t 8l tuk, de a hRm®r s®kl eteket hRkamergval is figyeltg¢k
l i san ®rz®kel hetR 40®AGth°laRkemeal E¢edetobk hRmME®r s®kl et e

Kulcsszavaki 2 t-iiaum, t °1 t R§ram; stresszteszt

Abstract: In recent years, electric mobility has become increasingly popular worldwide. One of the sources of
danger in electric vehicles Ighium-ion battery cells for energy storage. As the number of vehicles put into cir-
culation increases, the number of bumit vehicles also increases in direct proportion. Cells often burn out due

to road accidents, spontaneous cell shorting, or even when chatgngehicle. In the course of the research, in

the case of a possible failure of the Battery Managei®gstem (BMS), the surge of the charging current and the
processes experienced in the case of a significant exceeding of the permissible value were examined for both new
and used cells. The amount of charging current varied between 5 and 30 A. Duringighevéefound that used

cells are much more sensitive to charging current surges than new cells. The explosions and flame plumes observed
during the experiments were documented with a normal camera, but the temperatures were also monitored with a
thermal@a mer a. On several occasions, the temperature of t
detectable by the device used.

Keywords:lithium-ion; charging current; stress test

1.BEVEZETES

Az el m¥l t ®vek nemzet k©zi tapasztal at ai az
forgal omba hozott elektromos 4§ ®mmbak&kimauz ma,r
kok t¢zeinek sz8§m®&vrire h®lLyadlmgyosahodaa®rit -hog
s¢k ezen eszk©°z°k haszn8lat8§nak tTzv®del mi |
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val ami probl ®ma | ®pne fel haszn8l atuk sor &n.
dal om h8rom alapvetR tTzeseti forr8st Kke¢lonb
t 8si hiba), t%Y terhel ®sbRI eredR) (kvamamentdR
bel eset (flzikai behat 8s) sor8n bek®°vetkezR
hRhat 8sok (hRsokk, extr®m meleg vagy hideg),
vagy egyszerTen csak]l. hajlamos2t- t®nyezRk [1
Kut at 8sunknak nem c®l ja az elektromobilit8s
a vesz®lyforrg8§sok magasabb szintT meg®rt®se
emel endR, hogy az el ektromos | &8§r mkv ek Rd soa mar-
| 8s8nak m®rt®ke. Sz8mos kutatg8s foglal kozik
el ektromos motorral, valamint a bel sR®g®sT m
vel ©°©sszetett folyamat [1, 2, 3].

2.LETIFIUMN AKKUMULCTOR CELLCK

BMS (Battery Management System) rendszer al

nak folyamatos nyomon k°vet®s®t, azonban eze
| Ren, vagy meghi b8sodnak. A t Tz sziokrmeg- mi nde
s®rt ®se eset®n k°vetkezik be, nagyon fontos

m8ban, mely egyben megel RzR | ®p®s is | ehet.

21.L2tiiwm akkumul 8tor cell 8k fel ®p2t ®se ®s ml

nden-i lobhticemla pozit2?v ®s negat?v elektr .
vezet R elektrolit van k°z°tt¢Kk. Ez garant
t ®s i vagy Kkisg¢gt ®si folyamMmiat!| sgr §mer tAeb BB t f
-iaum akkumul 8t orok, amelyekben foly®kony el
elem az elv8laszt-. Megakad8lyozza az ar
al megakad8l yokpa & 20tnfokimd®zss rell aetka tr.o nkoiks ¢s
+d ol dalon. Az elektronok 8tfolynak a k.
p8r huziaommeslknaa éPRPektwumol i tfol yad®kon ®s
o | koadz a folylafat megfordul.
0 luimmer akkumul 8t orban az elektrolit eg
vVe. Ez azt jelenti, h ogpyola nkegl °enn elregvi &
ak kis kis¢gl ®si §mbaont | aPpes &k a
et
Kk .
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Rv ®, ez®rt az ilyen energiar s
A v®konyr®tegT | 2tiumcell a e
lonvezetR ¢veggelszhelayé ?tte sumtfi®*kn hBzs zInGh a
| nagy energiasTrTs®get.

§ban an-dk®nt haszn8l¢mrkelaetgr@rftidlom®l &
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dban sokf ®l e anyagot haszn8l nak. A ka
hat§rozza az olyan tulajdons8gokat, n
b a gyakran vasat, mang8nt, kobaltot
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22.L2t iiom akkumul 8t or cell 8k haszn8l ata el ekt
Az akkumul 8tor pakkok g®pj 8&8rmTvekben torte

hogy megtal 8l juk azt a | egbiztons§8govsalb-b- z - n
sz2nTs®ggel ®rheti KkE§&r.
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Az energiat8rol 8si megol d8sok gys8rt-nk®nt ®
t 8§n elektromos szem®l yg®pj §rmTvek nagyobb pa
ATO0 megol d8st al kal mazz8k. Kis m®/r8est Ti s®selfiob
dott, mivel elegendR a kisebb m®retT akkumul
Nagyobb j&8rmTvek, kiemelendRek a buszok, es
s2tani, az akkumul 8tor csomag m®rte ®s t°meg
m8ra el egendR ®rt®keket.

Elektromos buszok akkumul 8t or csonla.gj8b-nak

r8m8zol tak szerint [1, 57:
- A: fut-mTvek felett
- B-C: tetRn k¢l °nb°zR pontjain
- D-E: busz h8ts:- v®g®ben
- F: utaat ®Bzdlaatrte,] t et t ;
- mTk°dR megol d&8s |l ehet ezek kombinS8ci - j

1.8brAk kumul 8t or csomagok | ehets®ges el hel
23.El ektromos j&8rmTvek tTzeseteinek vizsgs8l at

va az elekthBmegf pyg8gmidveal tffTagkat
yakoribb szitu8ci- -k mikor cell atT

8n cellaz8rlat (sz8mos oka | ehet
eset.

Amennyi ben a kivsglt:- k°r¢l m®nyeket vesszgk
el ektrotechni kai hat 8sokr - | Ha az konkr ®t Kk
egy el ®g hossz¥% | ist§ i's kapkat ®mk meC®Igz ®s't
vagy ak8r ezek kombin [ a hRsokk. Spec

s

t p

8§ e 3
a m8r begyulladt cell § Vv a j 8rmT egqgy

k

Kk

QD ©

y

gy
Mechani kai kivsglt- 0 1t ® def or m§|
az akkumul 8tor cell a

(o

t s
bor2zt§§s8t, de akg§g

hat 8sok csoportij gt fel
eti k a cell 8kat, de ®ri
rl at, de) eg yt®hl thCaltt8® k@&:
s eredm®nyezhet t°onkrem
bemut at8s8i g csak a nem megfel el

(2]
o =
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VR®gz®s®re kerg¢glt sor. Ekkor azt szimul 81 tuk
k°di k megfel el Ren.

A k°vetkezR vizsg8lati el j8r8sok |l ettek Kkivs
- nem megfelel R t°l t®s,
- mechani kai s®r ¢l ®sek (¢t ®svizsgsg8lat),
- hRm®r s®kl et hat 8§s8nak vizsg8§8l at a.

3.3 AKKUMULCTOR CELLCK TDLT¥LTESE

31.Tesztekre val - - fel k®sz¢l ®s

Biztons8gi szempontokat szem el Rttt tartva ec
del eme ®B e @i S®r ¢l ®sek el ker ¢l ®se v®gett. A mq
10 mm vastags8g¥% ac®l |l emez hat8rozta meg amel
r®szt, a cella magas ®g®si hRm®&r $ @k Reta hkioa8th
haszn8lt UV 8l -2SASbFremekdR| z&k@s@rdkké&l r°gz
biztos2tj8k a ®E€nayTugylimhas§g@&tgoits. A kamr a
egyr®szt, hogy a robban8s sor8n felszabadul

energia egy el Rre meghat8rozott ir8nybw t8voz
termokamer 8s felv®telek k®sz¢gltek, ®s ut-bb n

2.8 brAamobi | m®r Rk amr a

A twwl t°l t®ses mB®r ®sFEkEtt 2egws %o olraemaesre nt PSS

gezt¢k. A t8pegys®get 8ramgener 8toros ¢zembe
tunk a cell 8kra melyeknek t°1t®s k°zben m®rt
A m®r ®sekn®l LG INR 18650 MH1 GA274J017N1 t
kat haszn8l tunk. Adatl apjuk szerint ezeknek
t°l t®s eset®n 3,2 A |l ehet a maxim8lis t°ltRS
Tov8bbi m®r ®seket v®Qge-estlid mkn rtaed 4 B&lktal bentra
tok gyTjt®s®nek c®l j§b- I

322Tesztek sor8n tapasztalt jelens®gek
Vill amos par am®ter ek

A m®r ®s ek sorlEB84020Q0F tSopen%elnabor t8pegy
§ egys®g 8ramgener 8tork®nt szolgs8lt, te
z¢l ts®g i gazodott a k°r ¢l m®nyekhe
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Cltal 8nos tapasztalat volt, hogy a deton8ci
megnRtt. Ezzel egy 1 dRben az 8ramer Rss®g | ec
i dRben az 8§ramB8°rgbsamegszakad (
16 16
14 14
— 12 12
= <
= 10 1 10
k- E
= 8 8 L
E 6 b *_—:
Ve e
L 4 |I 4
2 |I 2
0 " 0
1 2345678 910111213141516171819
Idd [perc]
3. 8WUDrdae:iton8ci - el Rtti hRm®r s®kl e
Egy®b j el ens®gek
A vizsg8latok sor8n azt tapasztaltuk, hogy

t ®ket az akkumul 8t orok ARmMBYr s®Plkl @t e j el ent Rs
A ki ®g®skor minden esetben meghal adta a cel
nak felsR hé&at 8b)SteSK(irdet O eAC)ho(gy az ®g®s beindu
®ghet R anyag, oxig®n AL gelletads§gsEmMbBRm@ny @kl
A m®r ®s sor8§n a m®r Rdoboz biztos?2tott a, hog:
terjedjen tov8bb, azonban egy j8&8rmTbe val - - b

(a) (b)

4. §bar)a:Az akkumul 8tor cella hRm®r s®kd et e a
t°lt®skor; (b)) egy t% tRRM®ss @klaette ki ®¢g
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Tesztek eredm®nyeinek bemutat 8s a

Mi kor a t°ltR8ram ®rt®ke -belA V®pt ¢k at ¥alax i A
nyugtat- - eredm®nnyel z8rult, mivel 37 perc t
el me 7dBs, 5h AN®r s ®k |l et el ®r ®sekor .

1. t8A1 8%jadnnan beszerzett akkumul 8tor c
Tl t R Max 8 Tol t ®s| Maxi m81 i
Al t vl I[ADp [perc] hRmers ok Y®Iered
HR ®d el e
5 1,8 37 78,5 ol d§s
7,5 4,3 ~ 26 116,3 Robban
10 6,8 ~19 127,4 Robban
20 16,8 ~5 137,8 Robban
30 26,8 ~3 149,6 Robban
Tov8bbi vizsg8latok sor8&8n, mikor a t°ltRS8r
bant) az akkumul 8tor <cell a,-bankeih@g ®se |l |motntd hat v
m®&ny. 7,5 A eset®n 26 perc ut8n 116,3 AC el
19 perc ut8n 127,4 AC el ® ®sekor k°vetkezett
el ®r ®sekor k°vetkezen t3 bperac dwett®Om 81c49,.6 3AC Ae |
be a det.ogdPaia- (

10A 20A 30A
5. 8Mrdaeiton8ci - el Rtti hRm®r s®kl et
A t°ltR8ram n°vel ®s ®v el cs°kkent a deton8ci
perc alatt j-val t°bb villamos energi 8t tudo
30 A eset®n 3 perc alatt, 2gfcia-t°ebe RN QA E 2
8b) a
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6 . 8brdae:t on8ci - k

Tovs8bbi m®r ®s eket v®gezasdiHlonhasednd Slktk,al borst.
ugyanolyan a t°ltR8ramn#2l pjerwealn rb%Vvisde kB vied R
ngci -, mivel az ®vek sorg8n t°] t&ks.t 8 ohla-s zkn®pl et
| 8k eset ®ben is 80% volt a déet ognb8rca - val v®gz
4 ¥SSZEFOGLALCS

A I 2tium akkumul 8tor cell 8k kutat8s8t egy e

az Elektrotechni kai ®s El ektroni kai I nt ®zet i
Az akkumuls8troers sczeltlegsskzt el ®s ®nek el sRdl eges c
| ®se volt. Az eddig elv®gzett tesztek kiz§8r:

meghi b8sod8s | ett vizsg8lva. A vizsgS8daatokho
tesztek vesz®l yess®ge ok§8n ol sz¢ks®g. Az

\Y t
kumul 8t or cell 8k j -1 ellen 8lltak a maxi m8§Il i
Ugyanakkor az esetek d°ntR h8bbs®gl®Pbe®gaRd %t
Lehet s®ges folytat8si i r8nyvonal a mechani
stressztesztek el v®gz®se ®s adott esetben a
kapva a felhaszn8l 8sra sz8nt akkpmub &h2onr 8§ &\
®s megb2zhat-s8g8val kapcsol at ban.

5. K¥SZ¥NETNYI LVCNeEeTCS

A kutat - munka a Nemzeti Kutat8si, Fej-l eszt®
1.1.2PIACI-KKFI-20200 0 1 38 k A&$ = § m¥aefseel nhearsgzina8 | § st opt i ma
t2v rendszer-, fleahesggPsef opwaszt -k ®s el ektr
projekt keret®ben val - -sult meg.
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DEVELOPMENT OF POLARITY AND CHARGE LEVEL DETERMINA-
TION SYSTEM FOR LI-ION BATTERY

RENAUSsZI LENCRT? J-zsef

PhD., adjunktus|aszlo.rona@uni-miskolc.hu
Miskolci EgyetemG®p ®s z m®r n° ki ®s I nformati kai Kar, Szersz§8r
Robert Bosch Mechatroni kai I nt ®zeti Tan

2gyet emi jozaehléa®@uaign®koblc.hu
Miskolci EgyetemG®p ®s z m®r n° ki ®s | nformati kai Kar, Szersz§r
Robert Bosch Mechatronikai I nt®zeti Tan

Kivonat: Acikkegylii on t2pus¥% akkumul §t-®s hb%2!| k?fes®egszs e
programot mutat be, amely egyszerTen integr§lh
kompar 8t oros §8r ark°nre gt, e snzatj edl ®&sgey vPallC smi kr ovez®r
tervez®se ®s el k®sz2?2t®se t°rt®ni k meg. A mikrovez®r | F
t ®k el ®sr RI . K®t digits8lis,g®welocksaammdnikkk&ll a lrl 8ntdosze rk

it
a
Il Rt t a

KulcsszavakP | C mi krovez ®r | RonNYRK utmaur 8¢ D®s , Li

Abstract: The article presents gpecial purpose circuit and its program, which can determingotiarity and

charge level foLi-ion batteries The unitcan be easily integrated into an automated assembly protleedirst

of the development introducasest circuit with analog comparatgrthereaftera printed circuit board containing

a PIC microcontroller is designed and made. The program written in C language running on the microcontroller
takes care of the appropriate evaluation. The system communicates with the environment using two digital output
equipped with optocouplers.

Keywords:PIC microcontroller, PCB design, {idon accumulator

1.BEVEZETES

Az automati 18l §RIdPZPykEK&ILlijhetRen egyre t°Db
jelent a t°rekv®s a g®@®ekkidaln cts® retz® miE sk T®pepl etz
®rintR tev®kenys®gekn®l . Az iparban t°bb oly
tal 81 hat -, amel yek g®pekkel kivsglthat: k. A
mazni, de mivelf ealzokat§8|v @Ggr ealdojttt8 sca®I®l vez pr
tanak rugal masnak, 8t koad iigmar8il hradb mtakk &Elzka
f ol yamat ok ho zbizenyundki8ply e s n e k

Jelen cikk egy akkumul 8tor automati z8Ilt sze

bemutatni, amely k®pes a polarit8s ell enRrze
AlLi-i on akkumul 8torokn8l szeri8/Wsk®v| dd =l t8blatr
szint megl® e N 0,1 V megengedett elt®r ®s me
egy automati z8lt gy8rt-sorhoz.

A cikk m8sodi k fejezete r°viden bemutatja a
rokat tartalmaz. A szerel ®si fol yamat teszte
del kezR Fanuc LR Mate 200i C ipakrovebett RI at
c®l 8ramk®°rt r®szletezi, amel yhez NYCK (nyomt
sult. Az ©°sszefoglal s tartalmazza az el ®rt
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Avi zs g 8| B650tt 28 syt kikiu mu | 8k ok ®mezilk, amel yek
r Rvel ®s 65 mm hos32ubSgdgaektrendekbkebrelnde

haszng8lja fel pl. k¢glonf®l e k®ziszersz8mg®pe
Ahhoz, hogy a szerel ®shez felhaszn8lt robo
pedi g a-®polt&ditt°8§e s®gszsks®gex! V'V e@lipBlioE®E DIt eni
| ®anyambgf og- pof §8klatf, ® me® ryiefkthikep 21R ®s pedval - s u
c®l 8ramk®°rh°z t°rt®nR hozz8vezet ®s miatt.

Azl. Shkeal ®l teti a prototégpwssd e@amnat®grgi K mipa
r 8t ¢LMB38N)alapszikA pr ot ot 2 pldarab3 EDY BRI EDd)d e ®p 2t ®Ss ®v e
val ami nats 1e8l0Rtg®t el | en8l | 8sokkal nyomoAr k°ve:
LED1 di -da egyfel RI kijelzi a megfelelR pol a
N8l va meagdyd E&dR el |l en8l | §dolsk&lr ®tf d ez zlctl $ BPR@:
hat - k kia kaomepl ayreskt everkoakp clseohehmte f &r enci a f eszg¢l
cell a kapocsf easleszAl thse®g @mevke r1t18/126 bemenet en,
s®g van, szemben az inverts8l:- bemeneten | ®vR
a kimenetenA3.s z 8kmézmp ar 8t dro,gitkamagy Ma ®rt ®ket ad a ki
csol, akkor megfelel R a t°lt°otts®gi szint, ame

egyi k digits8lisA Delmedn e td®&r ea knPetghfectl RR.I R pol ar it
k ®bvweaan az 8ramk®°rben.

Vin LED3 | LED?

100 oF | £ 180 Q D
LED[ 1800 | 180Q 180 @
< 15 ko
GND./
4 4.7k
. LM339N-1

1k

+ > LM339N-2

ROBOT 1kQ

LM339N-3
1802 PC817

[5 - sl

i

2 @1 1kQ XZ bl
~
GND GND GND

1. 8BArnaesztel R 8magzamk®r kapcsol 8sii

103



ftad 2LIGAYEFEATHES A
iGs1 S St S{TiNRrY2a 2

3.MI KROVEZE£RLf ALAPD TESZTCRAMKY¥R FEJLESZTESE

20201.1.2PIAGKF2020-00138 - a

+AEEF YFEEREREA N
iparkz  f | | 2 )

aat IA F23el a

Qx

Annak®r de k ®b en, hogy az ell enRrz®s szempont | §
sen, illetve a c® 8ramk®°r programozhat- - is |
tervez®se vE8Rt ghHhgRlEPYesa®PI B 18F25K80 2 pus
k°zponti el emet mag8ban foglal- tesztelR 8ra
11 sorkapocs tal 8l hat- az 8ramk°r t8pell 8t §

el

bek°t ®s®r e, tov8bbi 1 fel
ter be®p?2t ®s®vel j
tenci om®t err el S
S1 nyom-gomb seg
cia fesz¢glts®g n
csol -di k, melyek

I

el Rs a d°nt ®si |
| szilnG -étbdrimmeop®-2t hat -
I

a TTL e

zabadon 8l Il 2that- az ell enRr
2t s®g®vel t8rolhat- el a kon
agys 8gakr cAkzo mtkrkaulmud r§ teorra Ik-®y |
di fferenci 8lis ¢zemm-dban m

A robott al °sszek®°ttet ®sben | GMWRIeqgyEerre ki men
vizsg8ljuk a polarit8§st ®s a t°lte°tts®gi szi
- ha a polarit8§s ®s a t°lt°etts®gi szint is
m2g az OK2 | ogikai O
- ha a t°elt°tts®g megfelelR, de ford2tott
k a pcs olaxOK] logikéi @
- ha a t°lt°tts®g nem megfelel R, akkor min

A NYOK helyett kapott egy LED, amely akkor
abszol “%Jt ®rt®ke el ® i vagy meghal adja a be§l

az Yjra programoz8s | ehet Rs®ge mi att.
A3. gnutatja az el k®sz¢lt panelt a beforras
egys®g m®retei: 58,4 mm hossz% ®s 41 mm sz ®I
a Q Q
SA EAE
_|ooooo|z
DC1  R-76C5.0-0 g“‘”"“"? g
1 DC/DCCON\/ERTERJ _—
VIN  +VOUT
GND R
“ i GND §
MKDSN1,5/2-5,08 GND A
MKDSNféig-b:,os o et s
X1-1 o L -
ui R7 3 pe 900 R
GND M 4 25 %F?Nm L=
gl j' 2 R10_ LED1
7 + z 4 RNy
MKDSN1 5/2-5,08 GND | —_S| — GNIY
X2-2 =s —
MKDSN1,5/2—908 Fasy i 1o I
X2-1 O = ol 1 1 | oK1
9 st 13 16 R 1
g rm Rs 14 15 470 )
neikn FICT8F25K80 R3 2 jZ’K 2 Oxa-1
1K = — MKR ST 512:5,03
< d
ehie — MKDSN1,5/2-5,08
_ L AEZ 4]
GND GND
FCB17
GND

2. 8hrhaesztel R 8Smagammk®r kapcsol 8si
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3. 8Bhzadak®sz¢lt 8§ramkor .
4. ¥SSZEFOGLALCS

A cikkben -®y tfoltarnitts®yIi szint ellenRrzR c¢

amelyLH on akkumul 8torok szerel ®s®nek automati z

gel felszerelt protot2pus medaltklmtt§ sa8 vkaalp,c sioll

tel ®s e. A jJ°vRbeni k°nnyebb konfigur 8l hat s

NYCK megtervez®se ®s el k®sz2t®se val - -sult me

amel | yel a feladat f¢i¢ggv®ny@mend . kTRibyernt e%jzrnt ¢

ut 8n ki jelenthetR, hogy a rendszer hibamente
foly

mati z8I t szerel ®sii amat ba.
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SZUPERKONDENZCTOR MERESERE SZOLGCLE¢E
PROGRAM MEGVALCESETCSA

IMPLEMENTATION OF A LABVIEW PROGRAM FOR
SUPERCONDUCTOR MEASUREMENT

SZABC Norbert

mesteroktat - @unimskolb.leur t . szabol
Miskolci EgyetemG®p ®s z m®r n° ki ®s | nformati kai Kar , Fi zi ke
El ektrotechni kai ®s El ektroni kai Il nt ®zet

Kivonat: Jelen cikkbenegy zuper kondenz 8t or m®r ®s ®r e al k akl°mansy epzreo-g r a

ten ker¢glt megval -s2t8sra. A szuperkondenz8torok az e
mazott me.gadlod &st o k.i u mi k°r ¢l m®nyek k°zott tesztelt ¢k,
szerbe a szuperkondenz8tor. Ezen m@®s®esekhoz goziks@ueas

t ®se mind hardveres, Mi ndnud diiSaq ys ao fptrwogmreasn ol°daldr -ble.mt
Kulcsszavaks zuper kondenz§8tor, LabView program, m®r ®s

Abstract: Thispaperpresents a program suitable for measuring a supercapacitor, which was implemented in the
LabView environment. Supercapacitors are solutions used in electric drives to conserve batteries. In laboratory
conditions, we tested how the supercapacitor can $erted into such a drive system. For these measurements, it

became necessary to build a measurement data collection and processing system from both the hardware and
software side. The study is about a brief presentation of the program.

Keywords:superconductor, LabView program, measurements

1. BEVEZETES

A kutat-munka sor8n az elektromos meghajt 8c¢
denz8torokat el helyezni a di rBamidkand -gymnres wli §
nyi s®g kiegyenl 2t ®se ®s az akkumul 8t orcsomag
k°z°ott tesztelt ¢k, hogyan illeszthetR be egy
m®r ®sekhez sz ks®gess@ehbltgegy m@ndsadnant gy ®
veres, mind pediEg f®4 amfdtavx eomnegsy ad |- & It ro-t It .am

22A MERE£S|I FELADAT MEGVALCESETCSA

A szuperkondenz8tor mTkoed®s®t a m®rt jele
par am®t erek m®r ®se az®rt fontos mert nagyo
sz¢,¢ks®ges -enbrgts?tadjaa szupereigendézzgt 40.
®s a sz8ll2tott szem®l yekkel egy¢tt 16 tonn

il letve az egyenletes sebess®ggel t°rt®nNR mc
szemanyag helyett, makk urmblb®tno rao kpbraonj etkg rbeelnt
azonban a r°vid ideig tart-, dinamikus §8r ame

sek elviseuperkégdgemz8torban t8rolt a&knrergi a
egyenl|l 2t ®st

A m®r ®si tesztek sor8n egy apr- elt®r ®sre |
j §am®r ®s ek min®l pontosabb eredm®nye ®r dek®b
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egy3kHzes szinuszos | el m®r ®se sor 8n esm@mintd-r ekve
vet el ez®si frekvenci &kHzmes| Ifate,kventtelad XKlognpo =

k
me®rt eredin®nygbmPadnig ez a Shannon t°rv=®ny al a

PRG vége Mérés inditasa  Al1-es csati jele +E ®| l  Devi/ail

I i
PRG VEGE I START N
] b

Mintavételi freki  sampClk.Rate
930000,00 30030
Mintak szama

91006 dt 333u sec

Fesziltség (V)
f

3
2
1
(i}
Mérési méd 55
£} Fix elemszamd mérés 5
- . TS =5
Mentés  Visszatéltés
- - i td o) g 1
SAVE LOAD T 1 1 1 1 1 11
T , : , , , 0027

[

Al1 FFT spektruma Alapharménikus 295,09 5-|WJ Devl/ail E,
18-

1,6-]

' i
3500 3612,90322

Frekvencia (Hz)

1. SAhrm®rt frekvenci 8k.

fmv >2 'ﬁelmax (1)
Afenti(l)k ®pl et al apj 8n a mintav®telez®si t°rv®
m®g a mintav®teli frekvencia fel ®t RI nagyobb
el kezdtem vizsg8lni a probl ®ma ok§gt.
K®t m-dszert gondoltam ki a Aval -s0 m®r ®si
tom az volt, a frekvencia komponensek seg2ts

ha azt szeretn®nk, hogy a fr ekyvenfcrieak vsepnecki t8rt
akkoraIegnagyobbfrekvenuakomponens‘ﬁdjpI 8j 8t kel | fawrekvemcig@nk . A
| ®pcsR ®rt ®ke. Tehs8t a f ef@&@lrotl@koez.8§ sT ef dif @@snesestges
t ®k®t a m®r Rprogramban megadomtb&®t| Paam®t €
v ®tferleirkk venci a ®s a mint 8k sz8m8nak a h8nyado:
Ezt a mTveletettRb efy®gieecsiet 30agyHabb frekve

A m8si k °tl etem, hogy a frekvencia | ®pcsR
®rt @k ®tdfin &kko®gg&®t megszoroztam a m®rt mint 8Kk
voetel.i frekvencia nagtyRsl8 ge8gy KkEizc 8z ¢ ®r atagRyka ibidg
veteli frekvenci reci prok ®rt®ke megadj) a az

a rendszer. Teh
1/ 30000 m8sodpe

a
8t ez esetben 1 m8sodperc al a
rc

m®r ®sek k°z°tt el
t
74

van as zf g kesk&ge.n ck kak oore c3 Qo r lo|
It idR, azaz 33,3333 Os.
JtR pontoss8ga f¢iggv®ny®b
&mpoAgat ow®se&h Adt o seg?2t
®k ®t megkaphatjuk a m®r ®s

szetes m®r ®sada
k°nnyen | ek®r de
v®ve a reciprok
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csak 30 kHz R| egy kicsit nagyobb ®rt®
1/30030=0,0000333sz az 3-8l 3t Ost ®nt meg.

Get Waveform Components
Lo Py N h%+7H@T§£ »AMintak széama
Py flﬁfharmomkus [b =
‘ Array Max & [Min Get Waveform Components
L DBL)- m\,\,_l—-|@§«l——-| »AMintak szama
. [b - v ‘

2. ShabhView t°mb©ok

V®gezetoglvastam a m®r ®s sor8§n a mintav®teld]
30030 Hze s ®rt ®ket adott. Tehs8t bebi zonyosodott
nem | ehet ak§rmi|yen ®rt ®k T, csak ol yratn, ami
8ramk°®rben. Teh8t %gy m-dos2tottam a teszt p
voetel.i frekvenci 8t 2rja ki a program a m®r ®s
r§ltam a buszon al kal mazhat:- t°bbcsatorng8s m
A programom tesztel ®se sor8n | 8§that-, hogy
cs°kken mintarv@ted iOs,dRi,| 12&5tr&les 1,1 Os ®s v®Q.

Mintaveételi freki  sampcClk.Rate Mintavételi freki sampcClk.Rate

)40000 00 40000 ) 330000,00 333333
Minték szama Mintak szama
41030 dt 25u sec 4 3630 a5, sed

Mintavételi freki  sampClk.Rate Mintavételi freki  sampClk.Rate

7 900000,00 909091 91000000,00 1E+6
Mlntak SZama Mlntak Szama
31030 dt 1,1u  sec e dtha sec
3. §Mrat av®t el i frekvenci §k.
Az fenti n®gy p®I d§sfnr eiksv eln8ctihaa tb-e, 8 | hl 0?2gty§ saa ns®or|
venci §val tud m®r ni a rendszer, ®s a nem bes§g§
ami m8r m®r hetR.

A mM®r ®s sor8n fontos a ,MM0 n®sax vwadd e&klH z2ftrveak,v elns§
k¢l ©°nbs®g az al 8bbi 8br 8kon.

T2zszeres mintav®tel.i frekvencia eset®n a |
nagyobb hibs8gval m®r het Rek az egyes komponens
m®r ni a rendszer.

L8t hat -, hogy XHEKHEzehel gem®r 83, 08O&Bvencia ®r
tasz8m n°vel ®s®vel jJjav2tani tudjuk az eredm®
Ekkor c¢cs°kkent az ol dal harmoni kusok ®rt ®ke,
vencia spektrum szempontj 8b- | nem j - a nagy
ezeket az eredm®nyt is felhaszn8lva m-dos?2to
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3. ¥SSZEFOGLALCS

A program mTk°dRk®pess®glRhrkl mdrzywgl! lat a° tl ta
el sR tesztel ®sek sor8n sz8mos ®szrev®tel f ol
felt8rt hib8k korrigg8l 8§s8t ®s a program fejl
jei al apj 8n el mdmadh atl -k,a | moagy pe gyy,r aan k& r ¢ 1 t |

4, K¥SZ¥NETNYI LVCNeETCS

A kutat- -munka a Nemzet.i Kutat8si, Fej-l eszt®
1.1.2PIACI-KFI-20200 0 1 38 k- ds z 8§ m¥%,-f éAlVHi d 4 am®Is&xte r gp tai ma
t2rendszer f ej |leaskzots®ss8eg ii pfaorgyaszt -k ®s el ektr
projekt keret®ben val - -sult meg.
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TEMPERATURE DEPENDENCE OF THE ELECTRICAL PARAMETERS
OF A LI-ION CELL

SZASZCK Norbert Tibor

Ph.D., egyetemi docens, norbert.szaszaki@niskolc.hu
Mi skol ci Egyetem, G®p®szm®rn°®ki ®s I nformatikai Ka
CramP8§sHRtechni kai G®pek Int®zeti Tansz®

Kivonat:J el en t arewglym8mBylbdnotn2 mkk% muil 8t orcel l a | aborat - -riur
mutatjuk be. A vizsg8latok c¢c®l ja annak meghat 8roz8sa
param®t er ei hogyan f ¢ ggeengeyw @3 saok S8nNRmM®rcse®K lae tk@tzRIle.t 1 E ¢
per-Berendez®ssel §ll2tottuk be O0OAC 6 50AC k°z°tti hRf
g8l t al aj8nlott karakter i szkt iaklaa ps zZ8enr inmetg 8§V ® gaepZ? tt ¢okt t eulk., ¢
tart om8nyonhPre®r;sl®kal ecteljleal ent Rs hat §ssal van mind a to©°
s ilyen m-don a t°lt®si ®s kis¢i¢t®si hat ®konys8gra is.

Kulcsszavakii-i on, akkumul 8tor , hat ®konys8g, hRfokf ¢ gg®s.

Abstract: This paper presents the results of a laboratory experimental setup dedicated for measurement of a 18650
type Ltion battery. The aim of the present research is to find the temperature dependence of the electrical param-
eters in both charging and dischargipgocesses. During the experiments in each case the initial temperature of
the battery was set a desired val ue-contmolled bng. Bathathege o f
charging and discharging processes were performed by thefi@eturer's recommendations. Based on the results

it was found that the cell temperature has significant effect on both the charging and discharging characteristics
consequently, on the charging and discharging efficiency.

Keywords:Li-ion, battery, efficiency, temperature dependence.
1.A KUTATCS CE£LKI Tt ZESEI

Egyel ekt romotoros hajtg8s%» ®s akkunkutdtBrd-or os €
jektetnb elodlyan | abozagal a@@k®s e,amelyeks ®mna t sn@&g ®v e |
hat Battuklzi zonyos takgkwanul I8t toikcmft &@sit SRE®@Igoy ®ybs §
vilamosp ar a m®&tsd rPenibt® z Rh Ri® n g eénkllette Epeakr a m®t er e k h Rf
g®s ®n ek aziakrkairmaitiedd teknt 0 © mo s sezseent @gebykesrinsdniveél & t 8§ s
k°r nyheRzme®iriv @k t ek § d eemteR g e t s dh Rif 0K @rgrji@liBszi-
p8c(ihRf ejjleRe®s®Pygel y-kast?t Ps®shat 8§sf ok c¢cs®°kken

Ez a hat8sfok a kis¢gt®skor hasznos2that - vi l
energi 8nak az .aggngak®nt ®a-blRi@skykdirs setl @slie nc g le
hat 8ssal | ehety®pi § akzkeueel It Setto®saBnek dlhzdas§gi
Ec®l dl-yan | aborat - rtwma| h®v ®g efzelydkkelimneghd- e z

t 8rozhavi-zsvgp8ltata t 8r gy 8ti okn®pazkFk ojpfud BE b®Sp u Lt
ki s¢t ®si ehRMBw SW®KkY edrtunka hesgy8hmabyenkafdz t ®k be
roml i k) a t°lt®si/ kis¢gt®si hat ®konys[d.g az (
Amennyi ben a hat 8sfok erRsen f¢ggg a k°rnyeze
g8l and - , hogy mi |l ye naza&koknusm epakktegy-cdla re mPpe d € me s

rendszer e | ki elgi®szern engy jnel veenkt eRds® slaraRackittefsetlien e |
gazdas8gosabb ¢(zemeltet®st eredm®nyez
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Al aborat - -riuedy mRlryRsre kK®IZRIt ®h,d sianmke I°ys sszeeg 2 t s

a k2ers&n@k Tre | ehet et t kebdeti® Rlo kxBhhereig ya dviigzistgs8slit
szt 8ttal szerelt alum2nium dobozt al kal maz
cell 8t ®s csatl| akongnvezek®kei t ov HRMPr Rgy f
|l anyk°rte). Ezek mell ptteegynaxa8kboesveknoti b§
hoz. Ezzel az-egVyr em® da® zc@es &l @al tkePgrye | keringR | e
hRf ok®rt ® N1AC tartom8nyban tudtuk tartani
magasabb hRm®rs®kl etT m®r®seket | ehetett vol
t - ri umi h TtzR :8kd 8ebla na hwil g8l at ok ideje al att
k°vet Ren az egys®g |ieav ekg?Rjn®neezke thi RH RIfk @k Iraa ckst dvig
hetett | e mindaddi g, am2g a termoszt 8t Vvissz
egys ®gl .a z§8lbgtg8mat - .

S
tu
Tt

A 4
Li-ion
akkumu hR®r z

hf rr8s
(v

- ___———_!—__—l-

1. 8SBraemepgry$l®g a benne el helyezett akkumul :

Azl . S8lb&t8mateel h8bpzat °bb otte zEezte®k Kki®sz ¢cls aatzl aky
vezeK®R plaRéd emhez tartozott. Ez az akkumul §t
megf aleeglmR kus kontaktust hRBVakeét R\t pcaesl Htak itallkta
hez/ ki sa¢ tk@Bk®h®@y a barna sz2wndzetnBlgyod®!| tkiek .e s
szontmivem®g 2 gy i s esett egqgy ekzi®r tf eks¢zl ¢°lnt snBRgr Rav evz

t¢enk a pozit2?2v ®s a negat?2v p-lusokra, amely
s ®g m®r R nelestzbelgdpeo cvsef e®gcelleht sn@@rest®k | et et ®s a t
motisegyNat i on al Instrum&nitb d Yy HIu tsavksg antyHBEBERISEBE § st R

egys®gagel digitaliz8ltuk, maj d preeditgete gk &d
m®rt adatokat

A t ®letP®s a eketas ¢gy®Srt - 81 t al megadott param®t
gezt ¢2kadlapjBn az &lsRxatposserf ex {3 1leM § @gieqn Kk iesng
celBvagy t Ol t& tKRigkty I®OEBHM$s hi mum 20 perces rel axsg
kezel a teljes t°| €®si§riadnRrRIsast®tg Tk d B dz&nREs ,a mb
a m-addige | t °tt ¢k aam?2@elal 8tel | a kapocsfoeBzr ¢l t s ®¢
kovefRef!| kondtahsdB¥os fesz¢l tisn@gedmttRdl t @st @] t RS
ben f ol yamat ez ailyamaa®dkdki egntt art ottel amém @r t é |
50mA-t. Ekkora gy 8rt - ut asate§g @& sa&lnamijeBRsoqdl tRése Atelrta®kl ® -
ben az 8l 1l and:- 8ram¥% ®s azVoficatBRPE32 0 etsZpg Ul ¢ & ¢
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| aborat -riumi zt @9ségpys ®audel

A Kkis¢gt ®st is 8ll and- ki s¢tR8ram (3 A) me |

kellett el k®sz2ten¢gnk, amely biztos2tani tud

ki s¢t-®S8tr@kmet . Erre a c®lra eg®pitranzimsktfoelo.s

mi nden esetben addig tartott, asm g a kapocsf

3.AZ ELVEGZETT VI ZSGCLATOK, ToOvVvCBBC AZOK ERED

A vizsg§latainkat-i 0A€H6%aACU In&R By SMPRfr ekt lk®ed s
kel -B@ACmajd azt k°v-ebst m®Ra®4DACgPs°agzzEHAL
mellett vizsg8ltuk az akkumul 8§toreltRIR®klhem:
i smertetett m®r R ®s adlatmeriRrtem-arsezmedrnMa®t ell K

venci 8val gyTjt°e°tte a k°vetkezR adatokat:
- a cella felg¢glet®nek hRmMm®r s®kl et e,
- a cel kapocsfesz¢ gl ts®ge,

| a
- a cell 8n-Badylki-rsgtPRgRam ®rt ®ke (k°zvetet

A m®rt adatok alapj8n sz8mos ©°sszef ¢ igg®st ¢
i smertet ¢ nk.
A cella kapocsfesz¢lts®g®t mmerd2:ak BBt & ®s, n

A cella kapocsfesziiltségének alakulasa toltés és a kislités esetén a h6mérséklet és az idd
fliggvényében

—0°C tdiltés
5°C taltas

—— 10°C tiltés

——15°C taltés
20°C toltés
25°C tiltés

——30°C toltés
40°C taltés

——50°C tiiltés
0°C kisités

Kapocsfesziltseg, [V]

— — 5°Ckisiités
10°C kislités
— — 15°Ckisutés

— — 20°Ckisiités
— — 25°Ckisltés

— — 30°Ckisutés

-

LY 1 \

26 v " \\l — — 40°C kistités
“

50°C kisttés
0 300 600 900 1200 1500 1800 2100 2400 2700 3000
1d&, [s]

2. 8Mbrkaapocsfesz¢glts®g alakul 8sa az i dR @

A diagralgthdtp) 8mogy a cella t°lt®se k©°zben
kapocsfeazigbmg®gt ke2vepmeRecn) (a zn°kvhek eld@s | el |
°sszes Vvizsg8lt.MegtdgyhegybhBIWMBE &apoOD®Bfesz¢i il t s
s®i g eltelt 1 dR jellemzRen ann§8l (madggyik bb, m
esetben azonos. tPz teRS8tr%lm @mseil liedR )k ¢l °nbs ®g i
kokat figyelembe v®ve: m2 g a | @9Pkslhad addnywa thle t
ela42Vos @®rta@kdi g 50AC e xres Aok sn8g.e kEzz leki®@z5e0 p4 3
n°veked®st jelent, ami egy®rtel mifen egy font

megv_g8l aszt 8§s 8§t .
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Amennyiben xellak i s-f e®$ e d g%kri m®¥%dayk az el RzRt:Bgy el t ®r
revid, i ntenz2ven cs°kkenR szakaszt k°vet Ren
majd ateljesnk i 3¢t &IIIRapgothirtelen | eesik aikapocsf e
kasza n mngelr e dekebb (azaz ann§gl r,° vmi che®d b madgyRR salbad
hRf oka. Viszont az i s klegtdredati - ,i diRppytg al et °hrR®
magasabb ®rt. Pk bd&d GH° vaat: kdadzAitk, kh esgyw R8§r am mel |
hRf ok% cell 8k hosszabb®Rritt@kbhd8k®pasekm@skons®
t @& Tt ®r @Bt k MBSt e s e ttRRAI  3k2e vest®ab b edr R K2, %V-

os fesz¢glts®g, addimE450 A@Gr €s a Rihes BY ¥t a°nbebElz erai

40%0s n° veedk-edi®&e hsg8t itt is el mondhat . -, ndkogy a
igen erRs f¢giggv®nye.
Amennyi ben nem csup8n az 8ramokat, hanem

a
a kapocsfesz¢glts®g ®s a t°IltR/Kkis¢gtR8ram szo
fog mutatni az el RzRekben be munergetikaiszempgrft-r b ® k k
b-1 m8r t°bb inform8ci-val szol3g8I8brAnpill an

A cellat tolt6/kisttd pillanatnyi villamos teljesitmény az id6 és a h6mérséklet fliggvényében

——0°Ctoltés

-
w

5°C_toltés

-
~

—10°C_téltés

-
[

—— 15°C téltés
20°C t8ltés
25°C toltés

—30°C tiltés

40°C toltés

——50°Ctbltés

0°C kisités
= = 5°C_kisutés

10°C_kisiités

Pillanatnyi teljesitmény, [W]

= — 15°Ckisiités
— — 20°Ckisiités
= = 25°C kisiités

— — 30°Ckislités

[=} = ~ w ES w @ ~ 3] [t}

-
o
o _-g“lmtmtl“‘l‘_m._ﬁ‘

— — 40°Ckisiités
300 600 200 1200 1500 1800 2100 2400 2700 3000 50°C kistités
1d6, [s]

3 &hpiall anatnyi vialllakmd € stae lajze s dtRm®rsy. a h Rm®

Ediagramona el | es%t8h®&@&nty a z®r us ®r t @ktr BInyisstadv e

hat -, hoggl tmMdrl ®x nm@rzt @k el a@stt ®E Rkdbkgh®ai t e
Mi vel t°lt®s k°zben konstans 8ram mell ett a
monoton n°vekedett. Enn e&r tnRaotTit M8 It iosy §®rHtE® knee gk
hogyiadott t°l| ti@diacisoRyamtbn HIRf ok eset ®n a tel |
sabbak. Viszont magasabb hRfokhoz hosszabb t
jell emgTfesz¢el ts®g cs°kken®s®vel egy¢é¢tt cs@kk
szon | ine8ri an®gehbgygeahgaf ababayyplbbipibakatniitele s et ®n
j es?2t meletyae kk i s ¢t ®s i s hosszabb ideig(t®artaott
b et §prergid illanatnyit el | es dRp@@Pywrzek dR sz ereibmtRil i nt
k°vet Ke®nRemgesen nagyobb kivett energia VvS8rhe
A4 . 8abz 8ak k u nhuelt SBtpa@z8tbabk-ilvett energi 8kat szem
kek ¥Ygy adnS8dstoadkp,e rhcoeghyk ®nt mi nt a vpBlanathyeteljeet t ad
s2t meAny ®rt ®kekbRI kisz8&8m2tott uEkPAgesazegy k8sod
pott ®rto®kekztadsetstzeigeRpiclkl anatig
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A celldba betaplalt és az abbél kivett villamos energia a h6mérséklet és az idé
fliggvényében
35
0°C tltés
5°C_tolkés
30 10°C tokés
15°C téltés
= 2 20°C taltés
5 25°C tités
= 30°C télés
g 40°C tiltés
é 50°C toltés
P 0°C kisiités
= — = =5°C_kisiités
10°C_kislités
10 = = —15°Ckisiités
20°C kisiités
5 = = = 25°Ckislités
= = =30°Ckisiités
= = = 40°Ckislités
0 50°C kisiités
0 300 600 900 1200 1500 1800 2100 2400 2700 3000
1d8, [s]
4., &§RApial |l anatnyi villamos teljes2tm®nwbRI sz

Il dR ®s a hRm®r s®kl et f ¢ ggv®ny ®be

At°| t ®sets®p I8 & lfotytormsveornqil d ( el ent Rsen f ¢gg a |t
fokokhoz rendre magasabAfenetr @ita®z +t ke &t lmen d
bet §8pl 81't energia 26 kJ k°r ¢l alakultA kmkgeb
t ®sn®l ez a tendencia hasorklP zled o X,: mMiAK zlsernt
magasabb hRfokok e saedt-®no Ez7 ak Jt °K °tr®&sIini®| ®rbte®k8 p
46%0s n°vekedQ@aigk °%kz esl¢ t BeIR®kCeglyl a h Rf ccdvan j el en
annak ¢zBbm®gdbre¥pl 81 en®s,gatSokvidvbebtst a hat 8§sf ok
hat -

Adott kezdeti héfokon a teljes toltottségig betaplalt és a teljes kisttésig kivett
villamos energia

w
w
>

2 .-.-...--.-.-.-......-...-.-.-.-....-.o..
= 20 A U YOpTe
5 Y Y <
)5 A A
E 25 A
; 20 05% Hatésfok-hﬁmé:sékletf[]ggvény
'g . o A betaplalt energia
= 85%
>
% . 322 : y = 3E-06x - 0,0005:C + 0,0172x + X kivett energia
3 0,6964
g ° 70%
(<] 0 10 20 30 20 o
0
0 5 10 15 20 25 30 35 0 a5 .

H&mérséklet [°C]

5. 8Arhet 8p
ok

§ Villamo®esn ear okii Syke t@rvt8GbkbeSi az ezekbRI
f 0

I
g° ®v e @Reedktc e | | ah Rf ok. f ¢ ggv®ny ®ben
Az ebRagRamon s megfigyel het R, hogy minden vi:
bet 8pl 81t energi a mennyiss gd Rk okiywestgt Rle m wagay
Tov8&8bb8 | 8that-, hogy a bet8pl 8lt ®s a kivet
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al acsonyabb, mi nd pedig magasabb vizsg8l ati
ad-dtak. Mivel a k¢l °nbs®g minden esetben ve
Mi ndezek i smeret®ben m8r sz8m2that- a cell
S®kl et eset®n a kivehetR energiamennyi s®gnek
Ezek az &r §rigffarkb ®iznek pontjaihoz tartbz- =ene
t 8bl)§zdatov8bb8 azokat 5gr gthicl® b s @&rs zitheRtnt®rlsa@tktd ekt
di agramon. Mivel ezek a sz8rmaztatott, pontb
a hatfgsgfgovk®nyt i s, ametl@hlear akdl°l ul®Slktore esr &Kii
polinomf¢ iggv®nyeket hasbzn 88 tdugkle af z=tl et eEtzt ab & l¢sg
| 8t hat - .

1.8bl 8vatzzsg8lt cell 8ba bet §ptlogviS8b b&e | ha wadHbt ®
Ss¢t ®si ahah BRm@rok@k |l et f ¢¢ggv®ny ®ben.

Cella héfoka 0°C 5°C 15°C 20°C 25°C 30°C
Téltési energia, kl 26,1 25,0 29,2 30,8 28,7 32,4
Kisiitési energia, kJ 17,4 20,4 24,2 26,2 27,1 27,3
Akkumuldtor hatékonysaga 66,8% | 81,4% 83,1% | 85,0% | 94,1% | 84,1%

A t8bl 8xatd®ksa BRzdi agr amj a s zer-hoztartoak,tb-e gk i s ¢
v8bb8 a | egmagasabb hRfokhoz is a maxi m8l i st
®r t ®k eott, 268A% Rm®r s ®k | et n® m®rt adatokb-1| sz
tet sfoklg@trbe maxi @ken al aowsgny &l RI8B8&%t ®r R h Rf ¢
I

8tor kisebb hatgsfegllkRblk ®mas 2 &lzthatn.gban van
adatokkal, ammlyeks zer i nt a cel |l a nh@Mmlaggeoszilkapaecifted sea
cs°kken a kapacit8s ®rt®ke.

4. ¥SSZEFOGLALCS

E dol gozatban egy kutat: -projekthez kapcsol
nyei ker ¢l tek bemut atteSmpear.81A-z rPesmsdzsez8d rlr2elo tstz «
ban tudtunk vizsg8l atokat v ®gaczefaivilamddpagas| | ap 2
m®t erei nek hRm®r s®kl etf i{gg®se jelentRs, anna
|l at ban 81| a hRm®r s®kl ettel. Az eredm®nyek

mindenk®pp aj 8§nl ott a c e trdndskertdkBlimazk.8t menedzs
5K¥SZ¥NETNYI LVCNETCS

A kutat - munka a Nemzeti Kutat8si, Fej-l eszt®
1.1.2PIACIFKKFI-20200 0 1 38 k- ds z § m¥%,-f éAlVHi d 4 mam®Is&snte r gp tai ma
t2v réegdésrert sk o pxa§gi fogyaszt- -k ®s el ektr
projekt keret®ben val -sult meg.

6. FELHASZNCLT | RODALOM
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LIl ON AKKUMULCTOR VI LLAMOS PARAM@TEREI’
LETF) GGESEMERf RENDSZER ¥SSZECLLCTC:

TEMPERATURE DEPENDENCE OF THE ELECTRICAL PARAMETERS
OF A LI-ION CELLT THE MEASUREMENT SYSTEM

SZASZCK Nor BerLtENTGYEdr Ckos J:-zsef

Ph.D., egyetemi docens, norbert.szaszaki@niskolc.hu
Mi skol ci Egyetem, GR®pOAOsEm®r qé tkii k ®is ®nf Ve gait p kraii G@
CramP8§sHRtechni kai G®pek I nt®zeti Tansz®

°PhD., egyetemi docensikos.lengyel@uniniskolc.hu
Mi skol ci Egyetem, G®p®szm®rn°®ki ®s I nformatikai

Kivonat: J el en t a reuglym8ln8y6b5aon otn? paukskd mwil 8t orcel l a | aborat - -riu
M®r Rrendszer fel ®p2t ®s®t ®s a vizsg8latok menet ®t mut
az akkumul 8tor t°lt®s®nek mdd ykins gn- @o@®n € k, gwinlelka mas agka rf

hez egy temper 8l - berendez®st is mag8ban foglal- - m®r]|
hRf okt artom8ny be8ll|l2t8sa volatmatehat s@gesy.§rA -t Blltt@gi
al apj8§n v®gezt ¢k el s ilyen m-don 8ramgener 8toros ®:
tunk. A KkKis¢gt®shez sz¢igks®geska&8ddsanld§s Sala m¥a It -eg 2hted tRtsu k

Kulcsszavakii-i on, akkumul 8t or , hat ®k onys8g, hRfokf  igg®s.

Abstract: This paper presents the details of a laboratory experimental setup dedicated for measurement of a 18650

type Liion battery. The aim of the present research is to find the temperature dependence of the plactical

eters in both charging and discharging processes. For this purpose, a tempearamtiralled measurement system

was built with which the initial temperature of the b
charging and discharigg processes were performed based on the manufacturer's recommendations: both con-
stantcurrent and constantoltage phases were applied. In case of discharge the cofstarenht mode was

achieved by using a currentirror circuit.

Keywords:Li-ion, battery, efficiency, temperature dependence.
1.A KUTATCS CE£LKI Tt ZESEI

Egykuta8 spir 0 ) ekt kayankt esi®n-|ldestdigrl e k , kajddpedigglyaa § s a
vi zsgs8l at okl el s@@pheydkge a p®8n mMmMaghaoB8yoz t 2 pus
tium-ionak kumul 8t orcell a t°lak@sP n®S zRhE&pPAEgPkbat
tekmel | ett. EnnakKkkdmownledte&kBaga masz sezseen @l byesnz 8nlelnf |

het k®r d®s, hi szen a k¢l sR k°orkRgedestRid| pgreasmd
hRf ok, ami a maigyiszeanyok maletiSge n @Y h@Iljé satt aazt om8ny
®v fo)ybdmBhos enenmnfgeuimka Bt H®SE®PRSE L Bat ®kony s
ki s¢t®sekor hasznos2that- villamos energi 8na
energi 8nak Ezz egry®ryael mTen j el entskse ni&lty§sszs&alll
g®pj §remTevieekl t et ®8sgRIin eaks pdehkztduassa i r a

Ezen okb- | ki foly-1ag ol yanked najod au ® g @ autmg n k
amel yekkel megWwiaz § g 8lznh aatki-k uvnauid t8itan § IcBedi 48P t| @ SIS |
hRm®r g ®kloevt8§ bb 8 atunkn hegyS8Smabyéenkm@Prt ®kben v &
t ®si / ki s¢gt ®sii hat ®konys8g az [2pAmenmibéniavd- - | el
t8§8sfok erRsenpobpdgdosabdkanalyl®@)et hEm®r s®k | et ®t F
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l and:-, hogy mil yenazad&k s mrepakktegyrcellat ne npredreS8me s r er

szer e | ki ehgi®szzent e?ngy, pne°lveerkteRIS® sh aRtr Shseft cRgazld-, a mi

s8gosabb ¢(zemelMien®szemrrwidmPq§lezt okhoz teh§t
megtervez ®se ®s ©°ssze8ll2t8sa v8lt szigks®ges
hRf okokho tartoz- elektromos karakterisztik

2.AVI ZSGCLATOKHOZ ¥SSKERERENOBZER

Am®r ®s ek el v®gz®s®hez mdkidiemuleSted b eknz s &tk skd
val - be&hhéze ggs8rgit 8l i termoszt88tot haszn§gl
cella k°r¢l 8raml - | ev R hRfok8t a k2vgnt h
g8l atok ideje alatt. €

I

amel ynek a hRfokszabg
benne el helyezett eb.y

yz8s8t a t erengosszBtg§8ta e

S

eg J
gy teh8t egy ki 3m®retT
§1§’rt&madsz.erelemekkel az

1. shraemepgry$l®g a villamos fTt®ssel, a vent
Az egys®g egy | - hRvezet ®s T, alum2zni umb - | |
egyTaz akkumul 8t omTeitdlxd@d 8H Rcss evre@jt®@tl 8t or b - | g1l |

hel yezt ¢k el az akkumul 8t or cefl dlae tb@ro®W e stzetr
0s teljiesz2ta®hly@nyk°adiegivio§ It i, s akimenetmbkapcsd-§t r e
gatott be ®s ki annak megfel el Ren, hogy a k?2
hRm®r s @klaccdWos tel |jegydr m®mel edled®st er-edm®ny
egys®g hTl ®s®nek sebess ®g®hterza nkspfeosrtm§ teozr ®r- tl
meg a hs8l -zatit -ols afleasczs¢olntysaGbghg,e |2 00ENW ek er ed
m®enye 60 Pa42600W 2899k kent . A bel sInRr BOPr @r elg R m&
tokk a | ehl ®r8zt Roltetk &t mazt unk, ami az 8br8n az akk
a fTehes Repaua@l§ k°r nyn®7 st@aleti e Rf okok 8§11 2that -k

nyezeti hRfokt- -1 alacs yabb m®e®r®sektelsev@ygs®
geshelyezni E r e a m®l yhTeRy! ,8 ta nad Ikyad emma za uln@®&g h Rm®
| egegyenl etesebben tar sa miatt el Breka | ehTt
megol d8§ssal teh8&8t a hT tt t@r |leRfedled tf &Il & 21t
Mi Kk®ntl.az8lk§zt8mat - , a I zs g 8| elektmorosvl e8zheot z® kt °i bsk
csatlakomntt. Ezek k°z¢l az egyi k (bar &)t thegReed tark a
az akkumul 8tor felagniete®nek HhRfronk Xtusm®rotnd ,a kt L
zet R paszta Azl k&klkmaud ss§wal .t °1 t ®s ®hez ®s ki s

on
§d
t §
to
\Y
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25mmPker esztwezestzhdaikagl t uk, Kmealeysek ere t waezd t¢iK
| ehet Rl eg fneisnz&l| tksi®sgeelsbl®s el ®r ®se volt a c¢c®I .
m®g 29gy sem vbdzazkiaittedeghses®dRR 8l tal kijelze
sz¢l ts®g al akez®r kikal tel m@8mRvezet ®keket kOt
sokr a amel yekr RI a fesz¢lts@Pratatgyyjh&Rgyegiy!

vezett ¢k. Ezzel a megaolid 8as scael | | pao nnbionsdaenn ktourdit
Mi nd a kapocsfesz¢l-hBR®@es ®kiméenhedt p@sli ga-t6° lceRI
tional Instrumefl62 gtySpsd st ayHAMBPBEEt R egy s ®
gitaliz8ltuker rmeajad wiezds g8 leaytdiat § M 2 &t Pa ol ® s m
Viewwment ett ¢k ki. a m®rt adatokat

Mi vel ez az egys®g nem rendel kezett 8ramm®r
Ssz¢l ts®g m®r ®s®re vezette¢gk vissza. Ehhez mir
meghat 8rozott, konstans ®rt ®kkelsormremnd&«lahesk |
ban az 8ramk®°rbe. Az ezeiDhanz té€lriveem§iem&s d re | en:
arg8§nyos volt a rajta, s 2gy az akkumul 8toron
stacion8rius esetben azn &amnikroanbke®nr if od lye meSm ac
a fesz¢glts®get m8&8r nagy pontoss8ggal tudtuk
tu8li-vagy9l kRs¢t R8§ram mERhatB8ebz8§g®bbzahkal m:
°sszef ¢igya@Raz@aRlel & 2n Flelsgs®irrit FRIFRX mOrt ¢k (ebben
ell en8l 1 8s k®t csatlakoz8si pontj8r- -1 vezett
| ®s e v®gettR)®rA®k®ttlepre§llll§ g/ nagypont ossggt?
t 8rozg ukt meus: Keithley 2410 1100V SourceMet
§r am -hRjRdI*&) mlatti hRm®r s®kl et n°veked®ssel e
az el l en8l | ShsTotk® sd@wsezlt irmhil il mavli2zizz §1 t uk .

A t°lt®si ®s a kis¢gt®si folyamatokat a gyS8r
v®gezt ¢k el , miveladattap §dnezfsignSil 8l taak kau mguyl 8rtto-r, h
t°rt®njen a Astandardoek© 8#g®pjt®ad vl kk ias ¢ teG
hogy az el Rozsetkeaspeoc s2f,ebs z\g |l t s®gi g kis¢gtott ce
rel ax8ci - s,kicRtl ka° v eetl R ¢omstarts,*1)5 fe®s i§ riadme r RIsast®g T
8ramot al k afolyjamatda dichikg tEar taott, am2g el nem ®r
42V-0t . Amint ez bek°vetkezed tf ez yIs§tl$®gG T utnkl
eredm®n geHalt ®n tt &REBir dfRbleyna mat osan ¢ sr°Bkskzef noald-y akhea ta
dig tartott, am2g a -rte.l tREkarm dyi Inwedm 2etscett tt u kb
a cell 8t, s ekkor azt | ekapcsoltuk a t°ltRkKk®
t ®si met - dus g8thaf8inkt @b Ra meg.
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A vUivi ALIA]
kapocsfesziiltség t6ltGaram
42V
________ - L5A
T~s ~] 50 mA
25V
toltés allando toltés allandd
toltdarammal (CC) feszultséggel (CV)
{—
1[s] toltési idd
2. 8Bikikaon cella t°lt®s®nek r®szfolyamat ai

Az1500mAes konstans t°]ltR8ram a sC®nd®kd Rt ° hdc
dott, aholCaz akkumul 8t or n®vIlIeges kapacit&ma. Mi\
adta meg viszont a minim8lis ®rt®k®t is 1is
val amel yes ki sebb kapacria 8ws8Ird sRAktr et, ttdelo nrhea go.t

est
hgt a 0, 5A3
| 0

A3006,s azder ReSkalnb 00 mA
A feltoeltoett cell 8 a t°lt®st k°vetRen | eg
el Rt t. Ez akali drRa®g yta®tkb 504 t a gy 8rt 8l tal |
m®r ®s eset ®n et t R nagyobb i dRtehhgyhBRm®r a®Kk
nek be kellett 8llnia az aktu8lis vizsg8lath
Az akkumul 8tor ilyen jellegT (k®t r®szbRI §I
m- dot volt sz¢gks®ges al kal maznunk. Az el sR t
az akkumul §cCOtrotl t(®sz, aazz a¥an.constant current),

fesz¢l t sg omeltlasttt vol tage) t°rt®nt a t°Ilt®s.
Vizsgs8l atokhoz al kakfmardptus¥ol aboatt: - DPBRBI 32
Az akkumul 8tor t°]lt®se ezzel a k®sz¢ gl ®k kel
Viszont a Kkisg¢gt ®sii ciklus is megk®°vetelte, h
gyen a kis¢c¢tR8ram @®rt®es. CENR&KTrragRedgcenNo@p
a sztender@®rkti @k Ttr®es tj @dv,&@s ol j a, vi szetadott a ma x
meg, ami ki c sCnekdelel nte@. Kibf,i gnyientenBbe v ®ve a k®sRE¢t
v8r hat - nagyobbi&z amViBizl®l SIR@B®$ ®ketk? z°tt v 8I a
| 2t @Gk megfel el R 8ram®rt ®ket.

A kis¢gt®s eset ®n azonban valamilyen m-don b
egy egyszerT reziszt2v (ellen8ll 8s) terhel ®
8tfoly- 8ram ®rt®ke ar8nyos arégmiy®sa8gRI| It ®nl
el l en8l 1 8s®rt ®k), 2gy a -kkaipsosicts@se snzi¢alttts &gsgleklk ee
volna a kis¢tR8ram ®rt®ke is. EbbRI a c®I| b- |
csol 8s tranzi sizit-oekbPkzai®esabkahmag8r amer Rss®g f e
8§l talunk a cella kis¢t ®s®hez ©°©3szgllggtghdattot.t 8§
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akkumulator laboratériumi
| tapegység
- J} lkisats lseged L <>

Ic$ - $2|B - ilc

) 8L —Giz 2.

E1 '8 e &

R R

—

3. 8BALki-kaon cella kis¢gt®s®hez al kal mazott 8r e
Az §r amtpghkor 8l ieeamTakp®jd§@s | ehet s®gess® teszi
tranzisztor( | 83s.d : Bit8rl & aa uln&kbor at - ri uRt et BEpe gy m®gy &L |
seg?timg®viettott kiRigtpkmegEeamgRakram folyj®
zisztor koll ektAar m almkres miTklP di®s e azon al aps
tranzisztor elvileg t°k®l etesen megegly)yezR ka
el hanyagol hat -an ki dgi k®eaek ol | &k oo nS rza mhdgk zi asz
ram mi aetni tht8ezri sf dlger ¢ &t 8 Rgle s ®E (azonban mi v el
tunk ki a k®t tranzi sReblteb8ki §8§naks® ekanpckse
hurokban | ® R fesz¢l ts®gek el Rjel l ye °ssz

o ®d

e h
nye ®rtel mdtbengbb&EbdRtranzi sztor ok \m(etgle@;/iekz,F,
hogyabaloldalRe | | en81 | §8son m®r het R fesz¢ gl Ralmgnek m
81 1 8son esR f esnz&lllt8sskgkg eel gy eEzzR saReg ee Inlieat t Vvi s
ha a rajtuk foly- 8ram is megegylezkalektor-Eb b RI
8ram j - k°zel2t®ssel megebys@zialn ®rt ®p®®Yges ®g |
er ed m®naybalko®laanm®r het-Raged dfaesz ¢l t s®gt RI fé¢gge
azak kumul 8t or. Azk i8sr¢atni®Brrta@ka t e r m@aradhaktoensse ma ncss, a ka m
az akkumul 8t or kapocsadets®z 4 |I®tks @d 8 ,| ea zkiuenrh a@ s ial
esed ®ny 8§rt - utak b 8 ¢ €egmlacachyalp || ®rkeanpdRc s f €52 BBt s ®

a teljesen | emer2t25Viosc eloll 8 ho za nmti a ratnolg v S@rtt Gkl
tudtahajtania z 8r amk®°r °n.

Mi v el az 8ramt ¢k°r kapcsol 8s eset®n ki emel't
ne v &§l(tawz zaoznonos par am®t ee Z®r tb amiurod khd t8tsRth Mi &
dgval l 8ttuk el tov8bbg§8 az alum2nium bord§g
koz°s hRfok el ®r ®se c¢c®l j &8b-1I.

Az el RzRekben bemutatott rendszerekkel ®s n
per 81 t®st °K it Wsti ®S i ci klusok, 2gy a sz8m2t- -g®p
gyTjthett¢nk °ssze, amel yek ki ®nktaGHlae? Ps ®y @4
vel ®s Kapssgathas®yv e rm@&r Rsz8m2t - - g®pen fut- - ad:;:
ernyRk®pe | 8t hat -
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4, 8Brwizsg8latokhoat gPEzeRektabhi®e R prog

Avi zsg8l atok alatt a k®pernyRn folyamatosan
ram®t erek alakul 8s8t, tov8bb8§ a be®p2tett | e
ahhoz, hogy a t°Ilt®si/ kis¢gt ®si sunkaacklusbha®s t ® k e k
azt pontosan a k2v8nt ®rt®kek el ®&r ®sekor 81|

3.¥SSZEFOGLALCS

Jelen tanul m8nyban egy kutat: -projekthez kar
hez sz¢ ¢ks®ges-takpemgl 8t egysl®lgat , s a vizsgsgl
Az el k®sz?tegys®gempgf 8 ®g®v el DbRsz tko ss?¢tthRaste: kW
a k2vsgnt | ®ghRm®r s®kl et a k°rnyezetitRIlI alac
a t°lt®si ®s kis¢gt®si folyamatokhoz ol yan me
amelyek seg?2ts®g®vel thiztagghtl matt- §Vdlamda gy
sz¢lts®gT m-d. A sz&§m2t. .gRIBRsormndetgyhdpj ®asetb
sRbbi czem szempontij 8b- | fontos meg8Il Il ap2?t 8§
m8nyban k2v8nunk bemutatni

4 K¥SZ¥Y¥NETNYI LVCNeEeTCS

A kutat- - munka a Nemzet.i Kutat8si, Fej-l eszt®
1.1.2PIACI-KFI-20200 01 38 k- ds z § m¥%,-f éAlVHi d 4 am®Is &xte r ggp tai ma
t2v rendszer- fleadghesggPsef opuaszt nk§r@s oe lce kmTr
projekt keret®ben val - -sult meg.
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