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EYXAPIXTIEX

Me TNV 0AOKANPWOT NG TAPOVCHS SIMAWUATIKNG gpyaciag, Ba NOeAa va ek@paow
TIG EVXUPLOTIEG OV OE OOOUG e Bo1BNoAV KATA TNV EKTIOVNOT] TNG.

Evxaplotw Beppd tov Kabnynt pov k. 'ewpylo Kapmovpakn, yo v kabBodrynon
TOV Kal TNV GPoyn cuvepyaoia yla TNV MEPATWOT TNG £pyaciag, SIa@wTi{ovTag TIg
OTIOLEG ATIOPLEG POV ETIL TOV OEUATOG TNG OXESIAONG TOV (POPTLOTY) prataplwy Li-lIon.

Oa NBeda emiong va suyaplotiow toug Kabnyntég k. EAsvBéplo Kayapa kat k.
BaoiAelo AoVO Yl TN CUUHIETOXT) TOUG OTNV TPLUEAT] EEETACTIKY ETILTPOTIN.

Evxaplotw Slattepws tov vmoymelo Aidaktopa k. Anuntpn Mimepidn mov mpobupa
Kat vumevbuva pe omple katd TN SAPKEWX TNG EKMOVNONG TNG TAPOVCHS
SUMAW LA TIKTG.

Akoun, evxaplotw tov kK. Kwvotavtivo Adokapn, Addktopa EMII, ywx tnv éumvevon
OV UOU TapElxe 00OV o@OPA TH OCUCTNUATA UTATAPLOV TWV TNAEKTPLKWV
QUTOKLVI) TWV.

TéNog, ekpalw TV EVYVWUOCGUVT LoV 0TOVG Yoveis pov, 'EAAN xat T'wpyo, ot omoiol
He otpEav kab OAn t Sidpxela TG EKTTOVNONG TNG SIMAWUATIKNG EPYaciag HEow
NG KATAVONONG TIOV POV £SELEav Kal TwV BUCLwV TToV EKavav.
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[IEPIAHWYH

O oxomog ™G TAPOVOAS OIMAWUATIKNG €lvat 1 HEAETN TNG oxedlaong &vog
OUOTNUATOG POPTIONG UTaTApLwV [ovTwy ABlov Kol CUYKEKPLUEVA TWV UTATAPLWDV
[ovtwv ABiov TTov £xovv w¢ VAIKO kaBodov To LiFePOa4.

Apxika yivetal mapovoioon TwV XNMUIKWOV KAl QUOIK®WV WOLOTHTWV TWV UTATUPLWV
IOV TIPOKELTAL VO (POPTLOTOVV. MEoa aTrd auTn TN HEAET YIVETOL EUPAVIIG O TPOTIOG
LLE TOV oTtolo TipEmEL va @opTifovtal ol pmatapieg LiFePOa.

Katd tn oyxedlaon Tou ouvoTiUATOG @OPTIONG ovaAVOVTUL OAX TA ETUEPOUS
vmoovotuata. Emiong oe kabe Brijpa oxedlaons evog VTTOCVOTHUATOC YIVETAL LEAETT
EVOALOKTIKWV HeBASwV vAoToinong, £€Tol wote va avadelyBel o Adyog emA0YNG TOV
TEALKOU KUKAWUATOG.

Ta vmocvoTNpaTa TOU @OPTIOTH Elval TO SLAKOTTIKO TPOPOSOTIKO oTaBepOV
pevpatog/otabepng taong (CCCV), 1o xOKAWUHX amoOudévVWwoNng ng TAoNG Twv
ETUEPOVG KEALWV amd €va battery pack, To kOKAwpa oootdbuiong 1o KUKAWU
UTTOAOYLOOU TNG KATAOTACNG (POPTLONG, 1) AviXVveLOT VTIEPOEPLAOTG Yo SLAKOTIN TNG
@OPTIONG KAl TEAOG, O HIKPOEAEYKTNG TOU (POPTLOTH, 0 OToiog Ba pmopoloe va
XAPAKTNPLOTEL WG 0 EYKEPAAOG TOU CUVOALKOV GUCTHLATOG.

AoV pedemnBel kot oxedSlaotel TO KAOBE EMPEPOUVG KUKAWUAK, OTO TEAOG
TAPOVGCLALETAL 1) GVUVOEDT] OAWV TWV UTTOCUOTNUATWY Yl VX TTPOKVYPEL TO {NTOVUEVO
oVOTNUA POPTLOTG.

——
~
| —






Abstract

The purpose of this thesis is the design of a Lithium-Ion battery charger and battery
management system.

Physical, chemical and technical characteristics of Lithium-Ion batteries are analyzed and
in particular, those which have LiFePO4as cathode material.

After this analysis, we can conclude to the exact charging method for Lithium-Ion based
batteries, which is constant current/ constant voltage (CCCV) method.

During this thesis, the charger is divided into six subsystems, and each system is being
analyzed separately. These subsystems are the CCCV power supply, the voltage isolation
circuit, the voltage balancing circuit, the State Of Charge computing circuit, the
temperature monitoring circuit and the charger's micro-controller.

Finally, all subsystems are connected together and the result is the final circuit of the
charging system.
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MEPOX A’

To Tp®TO HEPOC TNG TOPOVOAG SIMAMUOTIKNG TEPLEXEL TPiOL KEPAANLO GTO TAPOVSIALOVTOL PaCIKEG EVVOLEG
KO YOPOKTNPIOTIKG TOV UITOTOPUDV.

270 TPAOTO KEPAAMO TAPOLGLALOVTL Ol aPYEG AELTOVPYING, TO YOPAKTNPIOTIKG Kol Bacikég EVVOLES TV
purotoplidv. Ot apyéc kol ot £€vvoleg mov Tapovstaloviol 6€ avtd TOo KEPAANLO apopovv OA T €10M
protoplidv. OLOKANPO TO KEPAANL0 TPOKELTAL Y10 it E10OYOYN £TCL OOTE VA YivEL OpOAN M LETAPOON OTIG
uratapieg Ioviov Abiov.

210 0e0TepO KePAAao yiveTor pio mopovcioon TV Topaydviov mov emnnpedlovv TV emidoon TV
urotopidv. To ovykekpluévo kepdiolo elvar dlaitepa onupavtikd, KoubOg o TpPOmog QOPTIoNG
omotaconmote pmatapiog kabopileton oe onuovikd Pabud and avtovg tovg mapdyoviec. Emopuévog n
peAéTn avtodv Ponbdel oNUOvVTIKO GTOV GYESOCUO TOV POPTIOTH KOl TOV KUKAMUATOS OlaXeiplong g
pumotapiog.

To tpito kepdAaio elvar Kol TO MO CNUAVTIKO TOV TPMOTOV UEPOVS. Xe AVTO TO KEPAAMO OvOADOVTAL Ol
urmatapieg Ioviov Awdiov (Li-ion). Tivetoar emiong €01kn ovaeopd ot pmotopieg Ioviov Adiov
IMoivpepmv (LIPO) kabmg ko og éva oyetikd véo eidog pmatapiog Li-ion , g protopiog LiFePOL,.
2tox0g avtov TOov KeQoiaiov efval va ovadeyTovV Ol WNTEPOTNTEG TOV UTATAPIOV ovtdv. Ot
wutepotTeg owtéc kabopilovv Ko 6e peydro PBabud tov tpdmo Poptiong tovs. Emiong, oto 1€Aog tov
KeQOAOiOV 0vTOL Yyiveror Kotavontd Ott ot pmatopieg Li-ion (dpa xar ov LiFePO,) kar ot LIPO
eoptilovion akpPmg pe to 1010 oI EOPTIoNG KOOBMOS Kat ta. 0Vo avtd £idn Pacilovtol oe mapdpolo
wueia. To odomua avtd gival To cvatnua otadepod pedpotoc- otabepne téong (CCCV) kot 1o povo
mov oAAGCel oe kdBe mepintwon eival ta dpla TG TAONS Kot ToL PedHOTOC KaBMDG kdbe pmatopio Exet
OLPOPETIKA 1O10HTEPA YAPUKTNPLOTIKA.

Emloyikd, to mpdto pépog g dSumAmpatikng sivor n Bdom yio tov oxedlacud TOL QOPTICTH| KOl TOV
oLOTNIOTOG dayeiptong TV protopidv Li-ion. Méoa amd ) peAétn TV iTEpOV YOPUKTNPIGTIKOV
Kol TNG SLUTEPLPOPAS piog pmotopiog kAT omd opiopéves cuvOnkes, yivetol Katavontdg o TpoOmog
duyelptong Kot opTiong, £I61 MOTE Vo, peytotonoleitor 1 ddpketo (ong, N enidoon Kot 1 anddoon TV
UTOTOPIDOV TOV LOG EVOLOPEPOVV.
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KED®AAAIO 1°: Baowkeg ‘Evvoleg Mataplwyv

1.1 BoolKG GUOTUTIKG TOV KEMOV KUl TOV UTOTUPLOV

Mnatapio givor pio. cuokevn 1 OTOl0L LETATPETEL TN YNUIKN EVEPYELD KOTEVOEIOY GE NAEKTPIKY HECH HLOG
NAEKTPOYNUIKNG aVTIOPOONG 0EED00VOY®YNG. LTV TEPITTMON O€ T®V EXAVUPOPTILOUEVOV GLGTNUAT®V,
N umatopio emavaeoptileTol HES® TNG OVTIGTPOPNS TNG OvTidpaong avtnc. Avtdg 0 TOTOG avTidopUoNS
EYKELTOL OTN UETAPOPA NAEKTPOVIOV OO éva VAIKO o€ €va. GALO HEC® €VOG MAEKTPIKOV KLKAMDUOTOG.
Kobodc n pratapion HeTatpémel NAEKTPOYNUIKG TN ¥NIKN EVEPYELD GE MAEKTPIKY, OEV VITOKELTOL GTOLG
mePLopIopong Tov KikAov Carnot tovg omoiovg BEteL 0 debTEPOC VOUOG TNG BEPLOSVVOUIKNG, OTTMC YiveTOL
v wapadetypo otig Oepuikég unyaves. Ot pratapieg enopévmg Exovv peyaldtepn anddoor OGOV apopd
TN UETATPOTN EVEPYELOC.

[Mopdro mov cvvBmg ypMoonolEiTal 0 Opog «Umatapioy, T0 Pactkd niekTpoynkd ctoryeio 6To omoio
avapepopaote gival to «kehi» (cell). Mia pratapio amoteleitar omd Eva 1| TEPIOGOTEPA OO TETON KEALD,
ta omoia etvan cvvdedepéva o Gelpd, mapdiAnio | o€ cuvovacud avTOV, avéioyo pe TV emBount)
TAOo™M KO YOPNTIKOTNTO.

"Eva keAl amotedeiton amd tpio KHpLo CLGTOTIKA:

1. Tnv évodo N apyntikd NAeKTpdO0- TO Ovay@YIKO 1| NAEKTPOOI0 KAVGILOL- TO OTOi0 APNVEL
niektpdévia oe éva  eEmTEPIKO KLUKA®UA Kol o&ewddveror — Katd Tn  OldpKeEW  TNG
NAEKTPOYNUIKNG avTidpaong.

2. Tmv k0060 1 BeTiKd NAeKTPOdLO- TO 0EEWMTIKO NAEKTPHSLI0- TO OTO{0 OEYETAL NAEKTPOVI OO
éva e£MTEPIKO KOKAMUO KOl LEWMVETOL KOTA TN OLAPKELD TNG NAEKTPOYNUIKTS AVTIOpOONG.

3. Tov nAexTpoATN- TOV 10VTIKO 0ywyO- 0 0T010¢ HEGM 1OVTMOV EMTPENEL TN LETAKIVIOT POPEWV
HETOED TNG avOdov Kot tng KaBdoov péca oe éva ke, O mAextpoAdtng €xel ¢ emi to
TAgloTOV VYPN HOPPT, OT®G Yo TOPAdElyra vEPO 1 AAAOVLG SOAVTEG pE OloAvIEVO GAaTO,
oféa N aAkdAl oVT®MG MoTE va datnpeiton 1 OVTIKY ayoyodtnta. Opiouéveg pmatopies
YPNOWLOTOOVV NAEKTPOAVTEG GTEPEAG LOPPONG, Ol OMOiol €YOLV TNV 1010TNTO TNG LOVIIKNG
ayoyuodTtag ot Beppokpacio A1Tovpyiag Tov KEALOV.

Ot o GVUEPEPOVTES GLVIVAGHOL VAIKAOV, OGOV apopd TNV dvodo kot v kdbodo, eivar avtoi ot
omoiot €ovv 10 HIKPOTEPO PAPOg Kol TPOodidovv 6to KeEAL LYNAN TAOTN KOl YOPNTIKOTNTA.
Qo61660, T£1010V €1d0VG GLVOLAGHOT dev givar TAVTO TPOKTIKOL KOOMG KATOL VAIKA 0vTIOpOVV e
Kémol GVoTOTIKA TOL KeMov. Kdmotot dAdot Adyot ywo v advvopio EQaproOYIg GLVOVACUOV
VYNNG 0modoTIKOTNTOG €lval 1) TOAMOT OV UIoPEl Vo TaPOoLGLOcTEl, SVCKOAIN 6T dlayeiplon
QLTOV TOV DAK®V KO TO VYNAO KOGTOG,.

[Tpokeyévov va emaeyBel 1 dvodog Oa pémet var S100€TeL OpIopEVES 1010TNTEG. AVTEG O1 1O10TNTES
givar M omod0TIKOTNTO MG avay®wYlKO HEco, M vymin kovAoumkn €€odog (Ah/Q) , m kaAn
aYOYOTNTO, 1 YNUKT EVOTAOELN, 1| EVKOAN GTNV TOPAY®YN KOl TO XOUNAO KOGTOG,. v

TPALN, To LETOAAD YPNOYLOTOOVVTOL KUPIWG MG VAIKA avodov. To mAéov kupiapyo LAIKO avddov
glvar 0 yevddpyvpog kabmg dabétel OAeg Tic mapoamdve embBountéc widttec. To Aibo, 10
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1.2

e aEPUTEPO PETOAAO, e VYNAO Pabud MAEKTpOYNUKNG 100ppomiog, €xel yivel TAEOV apKeETA
EAKLOTIKO MG VAMKO avOO0u Kol Ol GuUPaTol NMAEKTPOAVTEG KOl TO GYESNL TV KEAIDV EYOLV
avantuyOel KOTAAANAO 00TOGC MOTE VO EAEYYETOL 1] OPAGTIKOTNTA TOL.

H xd00060¢ mpémetl va elval £va amodoTikOd 0EEOMTIKO PECO, VO £XEL GTOOEPOTNTA OTOV EPYETOL GE
EMOPN HLE TOV MAEKTPOALTN Ko va €xel o@éAun taon Asttovpyiog. To o&vydévo pmopel va
ypnoponomOei katevbeiav amd 10 mepPdriov, £Tol dote va gloaybel 610 eomTEPIKO TOL KEAOD,
Omm¢ yiveTol 6T pmatapieg yevdapydbpov/aépa (zinc- air). [oapoio ovtd, TO TO KOWO VAIKO TOL
YPNOOTOIEITOL G KAB0JOC eival Tor HETOAMKE 0Egidta. AALD VAIKE, OT®G To. aAoyova, to Bgio
Ko ToL 0E€1018 TOL, YPNOUOTOIOVVTOL GE EWOIKA GUGTILLOTO, LTOTOPLADV.

O NAeKTPOADTNG TPEMEL VOl £YEL KOAN LOVTIKY] Oy®YILOTNTA 0AAG Vo unv ivot NAEKTPIKE oy dYLOG,
kabdg oe té€toln mepintwon Bo mpokaAoLVTAYV £0MTEPIKO PpoyvkOKAmpa. AAAC CNUOVTIKG
YOPOUKTINPIOTIKA TOV TPEMEL v, O100ETEL 0 NAEKTPOADTNG €ivol va Unv avtidopd pe o VAKE g
avodov Kot TG Kafddov, n eldyiotn dvvor UETAPOAN TOV 1O10THT®V TOL KATd TNV oAhoyn
Beppokpaciag, 1 acEdAEl oTOV YEWPOUO TOL Kot TO YapnAd koéotog. H mieoymoeio tov
NAEKTPOALTAOV €ival VOATIKE SOAVUATO, MGTOGO VLRAPYOVY CNUOVIIKEG eE0pécel Ommwg yio
TOPASEY IO OTIG UmaTopieg Pe VAKO avddov 1o AlBo, 6OV YPNGIUOTOOVVTOL THYHEVA ANTO KoL
dAlot pn voaTIKol MAEKTPOAVTEG, £T0L MOTE va omoeevydel M avtidpacn TG avodov pHE TOV
NAEKTPOADTY).

e éva KeM, n dvodog kot 1 kaBodoc mpémel va elval NAEKTPIKE OMOUOVOUEVES TPOKELEVOL VoL
amo@evyOel TVYOV ECOTEPIKO PPoyLKOKA®U, EVED KOl 01 VO TEPIKAEIOVTOL OO TOV NAEKTPOADTY).
Xe éva TPOyUOTIKO KEAL, YPNOLUOTOIEITOL £V DAMKO TPOKEIUEVOD VO OO WPIcEL UNXAVIKA TNV
dvodo pe v kdbodo. To vAMKO doy®PIGHOV, WGTOGO, £ivol domeEPATO AmO TOV NAEKTPOAVTN
00TMO¢ MOTE Vo droTnpeitan 1 EMBLUNTA OVTIKY] Oy @YOTNTA.

‘Evo xeM pmatoapiog pmopel va mapoackevoactel oe ddpopo OYNUOTO KOl OLUUOPPDOOELS
(KoAvdpIKa, € YN KOVUTLOD, EMITESN KOl TPICUATIKA) KOl ETOUEVOC TO, GCVGTUTIKG TOV KEALOD
elvat oyedlacUEVH £TGL, MOTE VO TPOCAPLOCTOLV 0TV gkdotote oyedioom. Ta keAd eniong elvan
COPAYICUEVO LE OLAPOPOVG TPOTOVG, 0VTMOG MOOTE VO, Amo@eLYHovV @avopeva dloppong Kot
Enpaciog Tov Niektpodidtn. Kdnowo kel eivar podiacpéva pe péco eEaepiopon €161 MOTE va
EMTPEMETAL 1] SLAPVYT] GUCCOPEVUEVOV OEPIMOV.

Talivounon TOV KEALOV Kol TOV UTATAPLAOV

To keMA Ko KOT ETEKTOON Ol PraTapieg O10KpivovIol GE TPMTEVOVGEG (UM EMOVOPOPTILOUEVES) N
devtepevovoeg (emavagoptiiopevec). H dibkpion avtn yivetal pe Baomn tn dvvatdtnTa Tou EQouvv
va enavapoptilovrar niextpikd. [TapdAinAa pe avuty v KVPLO SIAKPIGT ¥PNCYLOTOIOVVTOL Kot
dAleg Tagvounoelg ol omoieg mPosdlopilovV GLYKEKPLUEVES OOUEG 1) GYESL TOV UTATOPLOV.
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1.2.1

1.2.2

1.2.3

IMportevovro Keha/ Mratapicg (Primary Cells or Batteries)

Ot umotoapieg ovtéc O0ev €rovv TN dvvatdTTo €OKOANG M OTOTEAECUOTIKNG MAEKTPIKNG
EMOVOPOPTIONG e OMOTEAEGHO VO eKQopTifovTon pia Gopd Kot votepa va Tibeviarl og aypnotia.
To keMd ot omoiot 0 NAEKTPOAVTNG TEPIEYETUL GE KATOIO0 OTOPPOPNTIKO 1} OYOPIOTIKO LAKO
(OnAaon dev vmapyel erebBepog M VYPNS HOPENG MAEKTPOADTNG) ovopdlovtal « KeMd Enpod
TOTOLY.

O mpwtevovoeg umatapieg eivor pio PoAkn, cvvibwg younAov KOGTOLE Kol €APPLA TNYN
«OVOKEVAGUEVNOY eVEPYELNG. To KOPLo TAEOVEKTNUA TV TPOTEVOVCAOV UTATAPLDV EIvar OTL £x0VV
peyain odpketor {ong katd TV amofnKevon, HEYAAN TLKVOTNTO EVEPYELNS GE YOUNAES KOt
LEGOUES TILES EKPOPTIONG, EAAYIOTN G UNOOULVE] OVAYKT GUVINPNONG KOl EDKOAL 0T Yp1on.

Agvtepevovra 1| Eravagoptilopeva Keha/ Mratapies (Secondary or Rechargeable Cells or
Batteries)

Ot pmotopieg avTéG €xovv TN SVVATOTNTO MNAEKTPIKNG EMAVAPOPTIONS, Oeov mponyndei 1
EKPOPTION TOVG, TEPVMOVTOG PEVUO OO HECO TOVS avtiBetng opasg amd avtd TS EKPOPTIONG.
[Ipoxerton 0VGLOGTIKA Y100 GLGKEVEG ATOONKEVONC NAEKTPIKNG EVEPYELNG KO Elval YVOGTEG EMioNg
0¢ «umotapiec amodNKeLoNC» 1] CLGCOPEVTES.

Ot eQoppoYEG KATA TIG OTOTEG YPNCLOTOLOVVTOL OEVTEPEVOVCES UTOTAPIEG LTOPOVV VO, YDOPLETOHV
G€ OVO KVPLES KOTNYOPiES:

1. Egoppoyéc oOmov ot emoava@opTilONEVEG UTOTAPIEC  YPNOIUOTOIOVVTOL MG GUOKEVEG
amobnkevong evépyewoc. Eivor mAextpucd ovvdedepévee, goptilovtal and pio kvplo wnym
EVEPYELNG KOl LETOPEPOLVV TNV EVEPYELL TOVG GE POPTia, avaAoya Le TN {TNON TOV LITAPYEL.

2. Egappoyéc oOmov ypnowomotodvior Kot  ek@optilovtal OTmMG oMV MEPITTOON  TOV
TPOTELOVGAOV UTOTAPLDOV. Q6TOC0, Ge avTifeon He TIC TPOTELOVGES, Ol OEVTEPEVOVGES
puratapieg emavagoptiCovrar Hotepa amd Kdbe ypnom avti va oypnoTEVOVTaL.

Kopia xopokmpiotikd twv 0euTEPELOVOOV UTOTAPLOV (EKTOG amd TNV 1010TNTE TOLG Vo
enovagoptifovial) eivar  vYNAN TLKVOTNTA 16Y0V0G, N duvatdTnTa peYdAov Pabod eKEOPTIONG
(discharge rates), ot eninedec YOPUKTNPIOTIKES KAUTOAES EKPOPTIONG KOl 1) KOAEG EMOOGELS TOVG
Katd ™ Agrtovpyio og yapnAég Beppokpacies. H mukvotto evépyetlog eivar oe yevikés ypappég
HIKPOTEPN OO QLTHY TOV TPOTEVOLCOV Uratapl®v. Eniong n dwatypnon tov eoptiov tovg givan
YOUNAOTEPN OO OQVTAV TOV TEPICCOTEPOV TPOTELOVCGOV Umatopldv. [lapdia avtd, m
YOPNTIKOTNTO TOV OEVTEPEVOVGMV UITOTAPUDY, 1| OToia YAVETAL KOTA TV amodnKevon, uropel va
avamAnpodel pEcw TG ETAVAPOPTIONG TOVC.

Oplopéveg umatopieg, yVOOTEG OC «UNYAVIKA ETOVOPOPTILOUEVESY, emavapopTilovial HEC® TNG
OVTIKOTAGTOONG TOL EKPOPTIGUEVOL MAEKTPOSiov, cuVNO®E TNG METOAMKNG ovOodov, pe €va
KOLVOUPY10.

AmoBepotikég Mratapics (Reserve Batteries)
2€ OVTOV TOV TUTO UTOTAPLOV, KOTO10 Ao T0 PACIKA CLGTOTIKA TOVG £ival OlY®PIoUEVO Omd TO
VTOAOLTO TNG UTOTAPIOG, LE TO OTTO10 VITAPYEL TOAVOTNTA VO OVTIOPACEL. € VTV TNV KATACTAOT),
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N ynukn ebopd N n avtd-ekpdption (self-discharge) mepropileton oe peydrlo Pobud ot M
urotopio eivor tkovn vo amodnkevtel yo peyaAeg ypovikég meptodong. Zovinlmeg 0 NAEKTPOAVTNG
glval T0 GLGTATIKO TO OTOI0 ATOUOVMVETAL OO TO VITOAOITO TNG UToTOPiaG. Xe GAAN CLGTALATO,
Omwg oTIg Beprucég pumatapieg, n protapio eivor avevepyn péxpt va Bepuaviel. Avtd yivetoar péow
™G TENG TOL GTEPEOL NAEKTPOADTY 0 0TTO10G EMELTA YIVETOL QLY DYLLOC.

Ot amoBepatikég pmotapiec yPNOIUOTOIOVVTOL  OTOV VITAPYOVV AVAYKES Yol LIEPPBOMKA HEYAAN

dapkela amoOnKevong, gite 6tav o1 GVVONKeG ToV TEPIPAALOVTOG ivan avTiEoeg dGOV apopd TV
amobnkevon.

1.3  Apyn Aertovpylog evog KeEMOV

1.3.1 Exg@oéption

H Aertovpyia evog keMov katd TNV eKQOpTIoN QaiveTol oynuUatiKd otnv ewova 1.3.1.

Electron flow
—

=

Flow of anions
el ——.

Anode
Cathode

Flow of cations
—il

Electrolyte

Ewkova 1.3.1: HAektpoxnHikn
Aewtoupyia evog KEALOU KATA TV
ekpoption

Otav 10 KeEM cuvdebel oe éva eEmtepikd poptio, TOTE VILAPYEL dLEAEVOT NAEKTPOVIOV amd TV Gvodo, 1
omoio. ofewdmvetal, HEG® TOV QOPTIOL TPog TNV KAB0do, M omoio veiotator MUk avaywyn. To
NAEKTPIKO KOKAMUO OLOKANPOVETAL ILE TOV NAEKTPOADTN HECH TNG PONG AVIOVI®V (OPYNTIKAOV 1OVIMOV) Kot
KATOVTOV (BETIKOV 16VI®V) TPOG TNV (vod0o Kot TV KAB000 avticTtoryo.
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1.3.2 ®option

Kotd v emoavoaedption evog deuTePENOVTOC KEAOD, 1| POT TOL PEVUOTOC EIVOL AVTIGTPOPN KOt 1)
o&eldmwon Aappavel xdpa 6to BeTikd NAEKTPOSIO EVD 1 OVOY®YT] GTO OPVNTIKO NAEKTPOSL0, OTTMG
eaivetar oty ewova 1.3.2. Kabdg n avodoc amotekel €€ opiopon 10 NAEKTPOSI0 GTO 0moio yivertal
N o&eidmon kot 1 KaB0d0¢ T0 NAEKTPOII0 GTO OTO10 YIVETOL 1) aVay®YN, TO BETIKO NAEKTPOIIO TOPA
Ba etvor n aGvodog Kot To apvnTikd 1 KABodoc.

- oC +
power supply
Electron flow
- tfr—— +
— _—

Flow of anions
———.

&
- Qr
= 3
£ c
£
=] <
s} .
Flow of cations
B O —
Electrolyte

Ewkova 1.3.2: HAektpoxnHiki Aettoupyia
€vOG KEALOU Katd tn poption

1.4 Ocopntikny Taon, Xopnrikotnta kot Evépysia Kemov
H Beopntucn tdon kot yopntikdmta evOog KEAMOV €ivol GLVAPTNON TOV VAMK®OV TNG ovOdoL Kol TNg
Kkaf6d0v.

1.4.1 EAe00gpn evépyera

[Ma va propécovpe va mpoPAEyovpe av pio ynukn ovtiopaor uropel va cvopPel oe kamowa Oeppokpacio
N Oy, mpémer vo vmoloyicovpe éva Bepuodvvopuxd péyebog mov ovopdletor eAevBepn evépyela 1
elevBepn evBodmio. H petafoin g eAedBepng evépyetag etvar cuvaptnon g petafoing g evloimiog
Kol TG evrpomiog NG ynukng ovtidopaons. Kdabe gopd mov Aaupdvel yopa pio aviidopacn, vmdpyet
peimon g eAe0BePNG EVEPYELOG TOV GLOGTHUATOS 1) OTToia EKEPALETOL MG

AG® = —nFE®°
Omnov:

F = otafepa Faraday(~ 96,500C 1 26,8 Ah
n = nAnBog¢ nlektpoviwv mov euriékovtal otnv avtidpaon
E° = tuvmd Svvaukd ,V
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1.4.2 Osopntuki Tdaon

H tomikd dvvapukd evog kelob kabopiletor amd Tov TOTO TOV EVEPYDV GTOLYEIMV TOV TEPLEYOVTOL GTO
keAl. Mmopel va vroloyiotel amd ta dedopéva e ehevBepnc evépystog 1 va AneBel tepapatikd. Mio
Mota duvapk®v nAektpodiov (SuVopKd avaymyng) ved Tumomopéves cuvinkeg divetal oTov mivaKa
1.1.

To tumkd dvvapKO €vOg KEAIOD UTOpel VoL VITOAOYIGTEL OO TO. TVTOTOMNUEVO, SVVAUIKA NAEKTPOSI®V
OT®G paiveTol ToPOKAT®:

avodog(Svvauko oéeibwang) + kabodog(Svvaukd avaywyns) = tumikd Suvvauikd keAoh

H 1don evic kehov eaptaton eniong omd GAAOVG TapdyovTes, OTMG 1) GLYKEVTP®ON Kot 1| Beppokpacia.

1.4.3 Ocopnriki Xopnrikotnra (Koviopmik)

H Beopntikn yopntwommra evdg keAod kabopiletonr amd TV mOcOTNTA TOV EVEPYMV GTOEI®V GTO
eowtepkd TOL. Exepdletor ©¢ 1 OLVOMKN TOCOTNTO MAEKTPIOUOD 7OV LEIGTATOL KOTE TNV
NAEKTPOYNUIKTY avtidpaon kot €yl o¢ povadeg ta. coulombs v ta apmepdpio (ampere-hours). H
YOPNTIKOTNTO UI0G UTOTAPIOG EKPPACUEVT) O OUTEPOPLEL IvOl GUEGH GUVOEOEUEVT] LE TNV TOCOTNTO
NAEKTPIGLOV OV TPOEPYETAL OO TaL EVEPYA oTOlXElN. OepnTikd 1 Ypapoicodvvapo vAkov eépet 96,487
C 1 26.8 Ah (éva ypopoicodvvopo givar 1o oTopkd 1 poplakd Papog evog LAIKOD G YPOLULAPLOL
SlpeUEVO e TOV aplBd NAEKTPOVI®MV OV EUTAEKOVTOL GTNV OVTIOPACT).

H niektpoynukn wwodvvapio kanowwv cuvnBwv vakov gaivetot otov mivaka 1.1.

H Beopnrikn yopntuwomra evog kehov, n omola Pacileton €& oAOKANPOL GTA €VEPYE VAIKA TO. OOl
GUUUETEYOLV GTNV NAEKTPOYNUIKY dtodtkacio, LVToAoyileTot amd TO 1G0dVVALO BAPOS TV AVTIOPOVIMV.

Opoimg, N yoPNTIKOTNTO eKPpacuévny oe aumepoplo (ampere-hour capacity) umopel vo vroloyiotei
YPNCLOTOIDVTOAG T KOTAAANAQ O£d0UEVO TTOV ALPOPOVV T AUTEPDOPLL AV KVPIKO £KATOGTO (Ah/cm?),
onwg eaivetor otov mivoka 1.1.
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Mivaxkag 1.1 Xapaxtnprotikd Yikaov Hiektpodimv

Standard
Atomic or reduction Electrochemical equivalents
molecular potential Valence Melting Density,
Material weight, g at 25°C, V change point, °C glem? Ah/g g/Ah Ah/emi
Anode materials
H, 2.01 0 2 — — 26.59 0.037
—0.83
Li 6.94 —3.01 1 180 0.54 3.86 0.259 2.06
Na 23.0 -2.71 1 98 0.97 1.16 0.858 1.14
Mg 24.3 —2.38 2 650 1.74 2.20 0.454 3.8
-2.69
Al 269 —1.66 3 659 2.69 2.98 0.335 8.1
Ca 40.1 —2.84 2 851 1.54 1.34 0.748 2.06
—2.35
Fe 55.8 —0.44 2 1528 7.85 0.96 1.04 1.5
—0.88
Zn 65.4 -0.76 2 419 7.14 0.82 1.22 5.8
-1.25
Cd 1124 —0.40 2 321 8.65 0.48 2.10 4.1
—0.81
Pb 207.2 -0.13 2 327 11.34 0.26 3.87 29
(Li)C,™" 72.06 ~—2.8 1 — 2.25 0.37 2.68 0.84
MH® 116.2 —0.83 2 — — 0.45 2.21 —
CH,0H 32.04 — 6 — — 5.02 0.20 —
Cathode materials
0, 32.0 1.23 4 — — 3.35 0.30
0.40
Cl, 71.0 1.36 2 — — 0.756 1.32
S0, 64.0 1 — — 0.419 2.38
MnO, 86.9 1.28 1 — 5.0 0.308 3.24 1.54
NiOOH 91.7 0.49 1 — 7.4 0.292 342 2.16
CuCl 99.0 0.14 1 — 3.5 0.270 3.69 0.95
FeS, 119.9 — 4 — — 0.89 1.12 4.35
AgO 123.8 0.57 2 — 7.4 0.432 2.31 3.20
Br, 159.8 1.07 2 — — 0.335 298
HgO 216.6 0.10 2 — 11.1 0.247 4.05 2.74
Ag,0 231.7 0.35 2 — 7.1 0.231 4.33 1.64
PbO, 2392 1.69 2 — 9.4 0.224 4.45 2.11
Li,CoO,” 98 ~2.7 0.5 — — 0.137 7.29 —
I, 253.8 0.54 2 — 4.94 0.211 4.73 1.04

1.4.4 Osopntui] Evépyera

H yopntikdmra evog kehov pmopel va extiunfel kot and v evépyeld tov, Aapupdvovtag pe avtdv tov
TPOTO LILOYN TNV TAON KoL TNV TocOTNTO NAEKTPIKOD Qoptiov. H Bewpnrtikn) Tyun g yopntikodtnTog sivot
Kot 1 PEYLOTN T oL pmopel va petaeepbel and Evo niektpoynukd cvotmuoe. H tiun avt vroloyileton
(O

Watthour(Wh) = Voltage X Ampere — hour(Ah)
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1.5 Eww Evépyero kor Ivkvotnra Evépyerog tov Hpaypotikov
Mnaotaprov

Ot Bepntikég TIHEG TOV NAEKTPIKOV PEYEDDV €vOC KEAMOV culnTHOnKav GTNV TPONYOLUEVN €VOTNTO.
ZUVOTTIKA, 1) LEYLOTT EVEPYELDL TOV UETAPEPETOL OO £VOL NAEKTPOYNUIKO cvuatnpa e&aptdtol omd To €id0g
(kaBopiler v T4om) Kot TV TocoOTNTA (KaBopilelr ™MV YoOPNTIKOTNTA) TOV EVEPYDV GTOLEI®V TTOV
YPNOCLOTOIOVVTOL LTV TPAYHOTIKOTNTO ®OTOGO, éva KeAl pmopel va dabétel povo €va péEPOg tng
BewpnTikng evépyelag Tov. Avtd cupPaivel AOY® TOv NAEKTPOALTH KoLl TOV U] AVIIOPOVIOV GUGTATIKMOV
mov tpootifevial 6To Papog Kat Tov OyKo ¢ pratapiog. 'Evag dAlog mapdyovioag mov cupPdiiel o€ avtd
glval 0TL N puratapio dev ekoprtiletal ot BewpnTikn ™G Téon (HE ALTOV TOV TPOTO UELDOVETOL 1] T TNG
péong téiong), ovte ekpoptileton £wg 6tov Ptdcet ta. 0 V (pe avtdv TovV TPOTO PEIDVOVTOL TO OUTEPMDPLNL).
Extdg avtov, ta evepyd otoyyeia oe pio mpaypoatiky pratopioc cuvinlmg dev d1fETOVV GTOLYEIOMUETPIKT
ooppomic. Avtd mpokoAiel PelON NG €WOIKNG EVEPYELNS KOOMG YpNOLOTOIEITOL TEPIGGHTEPT TOCHTNTA
EVEPYMV DAIKOV Otd 0T TOV TPOYUOTIKA v amapaitnty.

Y1g ewoveg 1.5(8) xar 1.5(b) mopovoidleton évo yphonua tng ewdikng evépyelog (Wh/Kg) xoat g
nokvotntog evépyelog (Wh/L) tov o dtadedopévov unatapiov.

1000
o Lithium (Cylindrical)
< 500 . .
£ T Zinc/Air
= Lithium (Coin)
=
2 .
o Alkaline MnO,
o Zn/Ag,0
:'§
a 100
0 ———— Zn/HgO

50 Carbon-Zinc
| | | |
100 500 1000 5000

Energy Density, Wh/L
(a)

Ewova 1.3(a) Ixavotnta amo0kevong evEPYELOS TPMOTEVOVOMV NTATAPLAOV
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400 Lithium Metal
Li-lon/SPE

w
o
o

—
<
=
2 Zn/MnO2
[72] .
S 200 Ni-MH
o
>
g Ni-Cd
5% Lead Acid
0
0 50 100 150 200
Specific Energy, Wh/kg

(b)

Ewcova 1.3(b) Ikavétnta omodikeveng evépyelog ETavaQOPTILONEVOV UTATAPLOVY







KED®AAAIO 20: ITapayovteg Tov ennpedlovv
™V emidoon Twv MmatapLwyv

2.1 TI'eviké XapoktnploTikd

‘Eva péyebog 1o omoio givat k0p1o yapoaknpiotikd piog pratopiog eivor n €101k evépyeta. Tlapdio mov ot
OVOLLOGTIKT TIUN TNG E01KNG eVEPYELNG Bondd oTov Yapaknpiopnd g evépyelog eE60ov kabe umatapiog,
1N enidoon ¢ kabe pmatapiog propet va petafAndet onpoavtikd katw ond opiopéveg cuvonkeg ypnong. O
KLPLOTEPOG AOYOG YL VTRV TN Olapopomoinon elvar n @oOptTion TG Uratapiog KAT® omd SlpOPETIKEG
cuvOnKeg amd avTég Tov etvan TpokaBopIGUEVES Yo TV KABE uratapia.

2.2 Hoapayovteg mov exnpedlovy TNV amdédocn TOv Maatopi®v

[ToAhol mapdyovteg ennpedlovy o AEITOVPYIKA YOPOUKTNPIOTIKA, TN XOPNTIKOTNTA, TNV gvépyela €£0d0V
Kot v amodoon pog protapiog. [Ipémnet va onueiwdel 60Tt Adym moAl®V mBavodv aAANAeTdpacemy, M
enidpaon evog Tapdyovta gival cuvBmg LeyoAdTEPN KAT® 0md OpIopEveg GLVONKEG AetTovpyiag.

Eniong a&iCer va onuelmbel 011 axdpo kot yioo €vo GLYKEKPIUEVO TOTTO KEMOV 1 pmotoapiog, vrapyovv
OPOPES OO KATOOKEVAOTH] GE KATOOKELOAOTH, OGOV apopd v emidoor] tovg. I't avtd 10 AdYO,
TPOKEEVOD VO TPOGOIOPIGTOLV TO EWIKA YOPOKINPIOTIKA piag pmotapiog, Oo mpémer mpaota vo
pereTnBovV Ta TEXVIKA OEOOUEVA TTOV SIVEL O KOTAGKEVAGTNG.

2.2.1 Taon Kehov/Mratapiog
Yépyovv SopopeTIKES YOPOUKTNPLOTIKES TILES TAGTG TOV OPOPOVV KATO0 KEAL 1] patopio:

1. H Oewpnrixn téon eivor cuvapmon T@v LMKOV TG ovodov Kot g KaBddov, g cvvBeong tov
NAEKTPOADTN Kat TG Oeppokpaciog (cuvnbmg opiletar otovg 25°C).

2. H wdon avoiyrov koklouatog givor ) o mov vdpyEL XOPIg TNV TOPOVGia KATO0V pOPTIOL Kot 1
TN ¢ etvar cuvnB®G Kovtd oty TN ™G BewpnTikng Tdong.

3. H taon kieiotod kokdauatog glvar ) Taon vd eoptio.

4. H ovouaouxn taon ivor m taon n omoia AapPdverol yevikd ®g Tumkn Tdomn Agttovpyiog piog
umotopiog.

5. H taon Aerrovpyiog eivor mo avIImPOCSOTEVTIKY NG TACNG TG Hratopiog, 6tav avt Asttovpyet
VIO POPTIO Ko 1) TN TG Elvat kpdTEPT OO QLTI TG TAGTG AVOLYXTOV KUKADUOTOC.

6. H wéon taon ivon n) téon n péon T TOV TACEOV TOL TAPOATNPOVVIOL KATH TNV EKQOPTIOT).

7. H wdon puéoov givan 1 kevipikn| tdon (010 HEGO TNG KAUTVANG EKPOPTIONS) KATA TNV EKPOPTIOT| TOV
KeEAMOV M TNG Umatapiog.

8. H telikn n taon amoxomns €xel opiobel g T Téong o1V Omoio GTOUOTAEL 1) EKQOPTION.
Yuvbwg etvar n téon avt) Kotd v omoio £xel petapepbel oxeddv OA0 TO POPTIO TOV KEAL0D 1)
™m¢ umotapiog. H tdon amoxomng umopel emiong vo kobopiotel amd 115 avaykeg e KdaOe
EPAPUOYNG.
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Kotd v ekpoption evog keMov 1 pmatapiog, n tdon tov givorl yapunAotepn and t Oewpnrtikn tdon. H
SPopa oV TPOKVATEL OO TIC OUIKEG OMMOAEEG AGY® TNG AVTIGTOONG TOL KEAOV KOl TG TOAMGNG TOV
VILAPYEL LETAED TV EVEPYDV GTOWXEIMV KOTA TNV €k@OpTIot. Avtd @aivetar kaboapd otnv swova 2.2.1.
2y WaviKn TEPITTOOT, 1 €KPOPTION NG Mmatopiag okoAovBel 1 Oewpntiky thon £wg OTOL
KatovoAwBov To. evepyd oTolyElo Kot 1 YopnTIKOTNTO Ypnoonomdel €& odokinpov. H tdon émeita
TEPTEL 6TO UNOEV. YO TPAYUATIKEG CLVONKESG, N KAUTOAN EKPOPTIONG Tpooeyyilel tn devtepn Kot Tpitn
KoumOAn (curve 1, curve 2) g ewovag 2.2.1. H apykn tdon tov keAod vd @optio givor younidtepn
amd ™ OepnTikn TIUN AOY® TG ECOTEPIKNG AVTIGTAONC KOl TOV UKDV ATOAEUDY TOV VITAPYOVV TAVE®
o€ VTN, KaODS Kol AdY® TOL PUVOUEVOL NG TOA®GNG 6Ta 000 NAekTpdola. H tdon emiong méptetl Katd
™ OBPKELD TNG EKPOPTIONG, KAOMDS 1 ECMTEPIKN OVTIOTAON TOV KEALOD ALEAVETAL AOY® GVCCMOPELONG TOV
TPOTOVTWV TNG EKPOPTIONG, TNG EVEPYOTOINGNS KOl TNG GLYKEVIPWONG, TNG TOAWGNS KOl GAA®V GLYYEVAOV
napayoviov. H kapmdoin 2 (curve 2) givar mapdpota pe v kopmdAn 1 (curve 1) odhd aviimrpocmredel
éva KeM pe vymAdtepN €0MTEPIKT avTioTOon N LEYOADTEPO TOGOGTO EKPOPTIONG 1 Kot Ta dvo. Oco N
E0MTEPIKT AVTIGTOOT) TOV KEAMOV 1| TO PEOLO EKPOPTIONS AVEAVETAL , TOGO 1| TAOT) EKQOPTIONG LELDVETOL.

_~ |deal curve

Curve 1

/

Curve 2

Voltage

Time =

Ewova 2.2.1 XapaKTnpioTiKi] KOUTOAN EKGOPTIONS

H edum evépysio mov petapépeton oty pdaén amnd pio protapio ivor emopéveg pkpdtepn omd )
Bempnrikn €1d1kn evépyeta KabC:

1. H péon tdon xatd v ek@option eivar yoaunAdtepn amd tn Bewpntiky).
2. H umozopio dev exgoptiletar péypt to undév Volts kot dev ypnoiporotovvial Oio to dtabéoia
QUTEPDPLL.

KaBag 1 e1d1kn evépyeta 1co0Ton pe:

Watthours Ampere hours
———— = Voltage X
gram gram

N HETAQEPOUEVT €10KN evEpyela elvar yapmAdtepn amd T Bewpntikny a@ov Kot ot 600 TaPAYOVTIES TNG
elowong etvar younAotepot.
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2.2.2 Kotavalmon Pedpatog kata Tnv eK@opTion

Koabnhg n xatavdioon pedvpatog g pratapiog avEAvetal, ot OUIKES OTMOAEIES KoL TO QOUVOUEVO TOAMOTG
avEAvovTal, N EKPOPTIOY TPAYHOTOTOLEITOL G€ YapunAdTeEPN TAoN Kot 1 Sdpkela (NG ™G pmatopiog
pewwveratl. H swova 2.2.2 delyvel KATOEG TUMIKES KOUTOAES EKQOPTIONG GUVAPTIGEL TOV PEVIOTOG TOV
KaTovoA®VETOL Xe EAIPETIKG YopmAd pedpota (KOUmOAn 2), 1 eKQOPTIoN UIopel va mpoceyyioel )
Bempntikn tdon kol yopntwkomra. Kabmg n katavdimon pedpotog avéavetor (Kapmoreg 3-5), n taon
EKQPOPTIONG UEIDVETAL, 1] KAION TG KAUTOANG EKPOPTIONG YivETOL PEYAADTEPT Ko 1) dtdpkela (mNG Kot M
YOPNTIKOTNTA TNG UTOTOPIOS LELDVOVTOL.

Voltage ——————
W
Voltage — .

End
Voltage
0  Elapsed time of discharge ——— 0 Elaspsed time of discharge ——*
Ewova 2.2.2 : (3) XopoktnploTikés KOUTOAES EKQOPTIGNG pmoTopicg ovdloyo pe To emimedo taone. (b)

XopoKTNPLoTIKEG KAPUTOAES Riag pwoTopiog Tov EKQopTileTon amwd VYNAE o€ YaunAid T0G06TA EKPOPTIONG.

‘Eoto pio protapio gtavel €vo opiopévo eninedo téomng (Ommg yio Tapadelyla TV T6on amoKonYg) Vo
éva 0edopévo pevpa eKPOPTIoNG. Av 1 pmatopio avtr ypnoponomdel pe pikpotepo Pabud exeoptiong,
to1E M TA0M NG O awénBel ko Ba Kepdicel emmALov yowpnTikdTNTA 1| dtdpKel {ONG, LEXPL VO OTAGEL TNV
taon amokonng. Omwe @aiveton oty ewdvo 2.2.2(b), n exedption yivetar apyikd pe TO UEYOADTEPO
Babuod exedptiong péxpt va @tdcet otnv Kabopiopévn thomn amokomne. O PBabudg exedptiong tote
UELDVETOL OTO ETOUEVO YOUNAOTEPO emimedo. H thion o€ avtnv Vv mepinton avEAveTol Kot 1 EKQOPTIoN
ocvveyiletl émg 6Tov PTAcEL Eavd TNV TAOoT amokomS. Avti 1 dtadikacio propel va cuveylotel avtiotolyo
pe emdpevoug youniotepovg Pabuovg exedptiong. H dudpkee (oMg e pmatopiog AapPdvetot
SLPOPETIKN Kol TOVG dLAPOPoLG Pabovs ekpopTIoNs. L6TOCO 1 GLVOAKYT KOUTOAN EKPOPTIONG Y10 TOVG
YOUNAOTEPOLS PaBLOVS EKQOPTIONG TPOPOVAS YAVETAL, OTWS PAIVETOL OO TIC OLOKEKOIEVES YPOLLES TG
ewovag 2.2.2(b).

BaOpég “C”: Mia dSwdedopévn pébodog mov Ponbdet oty €voelEn g ekeOpTiong oAAd Kot TOv
PELLLOTOG POPTIONG, givar 0 Babudc “C”, o onoiog exppaletot ®g:

[=MxC,
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Onov

I = pebuackpoptiong, Amperes

C = elvamovouaostiknywpntikotnTa ¢ unatapiagoeAh

n = elvaloypovog, EKPPATUEVOCTEWPES, TTOVOTOL0EWVAULSNAWUEVIN Y WPNTIKOTNTA
M = moAdamAdaoio | kAdoua tov C

INo mopaderypa, o Babuog expoptiong 0.1C 1 C/10 yia pio pratapio yopntikdétntog SAh givor 0.5 A.

2.2.3 Tpomog Ex@dptiong ( Ztabepov pedpartog, Xtabepov @optiov, Xtadepig Loyvog)

O 1pémog exk@OpTIoNG ping umatapiog EMOPE SNUAVTIKA 0TIS ETOOGELS TNG. [t avtd T0 AdYO0, TpoTEivETAL O
TPOTOG EKPOPTIONG TTOV YPTGLUOTOLEITOL KATA TNV TUTOTOINGTN KOl TOVG EAEYYOLS, va givar 0 1010¢ e
aVTOV OV OTTOLTEITAL Y10l T GLYKEKPUYLEVT] EQOPLOYN YIOL TNV OTToia EAEYYETOL 1] paTapial.

Otov pio pmotopio ek@optiotel UEYPL KATO0 CLYKEKPIUEVO onueio, TOTe o Exel peTapépel To 1010
aumep®Po. 6To Poptio, aveEdptnra amd Tov TPOTo eKPOPTIONG. 26TOG0, EPOCOV KATA TN ddpKeLd TNG
EKPOPTIONG, TO PEVUO OLOPEPEL AVAAOYO LE TOV TPOTO EKPOPTIONG, O YPOVOG ELMNPETNONG 1 Ol «DPES
EKQPOPTIONSY UEYXPL EKEIVO TO omueio, Ba dtapEpovy avticToryo.

Tpewg amd 1oVG PocKovg TPOTOLG HE TOLG OMOIOLG UTOpel vor ekpoptiotel pio pmotapio ivor ot
TOPOKATO:

1. ZraBepn Avrtictaon: H avtictaon tov goptiov mapapével otabepn katd v eKQOpTion (1o pedpa
UELDVETOL KOTA TN OEPKELD TNG EKQOPTIONG VAo LE TN HEl®OT TNG TAONS TG HraTapiog).

2. Ztabepd Pevpa: To pedua mapapével 6tabepd Katd TNV EKEOPTION.

3. Ztabepn Ioydg: H tiun tov peduatog avéavetor Katd v ekeopTion 0G0 1 TACT NG WroTapiog
peloveratl. Avtd €xel og amotélecua va ekpoptileTor n protapio oe £va otabepd eminedo 16xHOG
(loyvc=pebpa * tdon).

2.2.4 Ogppokpacio s Mratapiog Katd v Ek@opTion

H 0Beppokpacio otnv omoia pior umatoapio exeoptileton €xer peydAn enidpaomn ot ddpkela NG g
(YOPNTIKOTNTA) KO OTIS YOPOKTNPIOTIKES TNG TAoNS TNG. Avtd cvufaivel Adym NG avaymyng Kotd
ANUIKN  dpacTNPOTNTA KOl TNG OOENCNG TNG €0MTEPIKNG OVIIGTOONG TNG UTOTOPING OTIG YOUNAES
Bepurokpocies. Avtd avadewkvoetar oty €iKovo 2.2.5, dmov @aivovtal TE6oEPIS KOUTOAEG EKQOPTIONG
idov pevpatog aAld pe otadiokn avénon g Bepuokpaciog g pmatapiog (T1 oe Ty), pe mv Ta va
aVTITPOCOTEVEL pia eKPOPTIoN oe Beppokpacio dopatiov. Meiwon g OBeppoxkpaciog katd Tnv
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ekQoOption odnyel oe pelwon g yopnTkOTNTAG KOOOS Ko advénon omg kAMong G KOUTOANG
ex@optionc. Ta edkd YopOKTNPIOTIKA KOl TO TPOQPIA TNG EKPOPTIONG OPEPOLV Omd Umatapio. e
pmotopio, ®oTO60 o€ YEVIKEG Ypauués, M KoAvtepn emidoon AapBdveror petad 20°C ko 40°C. g
VYNAOTEPES BepUOKPOGIEC ONUEIMVETOL HEIMON NG E0MTEPIKNG OVTIOTAONG, T TAOT EKQOPTIONG
ALEAVETOL KOl ETOUEVMG M YOPNTIKOTNTA Ko 1) evEpyela eE600v av&dvouv emione. [Hapdra avtd, pe v
avénon g Bepprokpaciog, avsdvetal Kot N ¥NUIKY OpacTNPOTNTA. AVTO €YXEL OC OMOTEAECUO KOTOLES
QOPEG M ENCT NG YNIKNG OpacTNPLOTNTOS Vo €ivol TOGO paydaio KATd TV EKQOPTION (QPAVOLEVO TO
omoio ovoudleTal avTO-EKPOPTION) TOV VA TPOKANOEL ATMAELD XOPNTIKOTNTAG.

Tg>=T,

Elapsed time of discharge ——e

Ewova 2.2.5 Enidopaon Tng 0gppokpaciog otn yopnTIKOTNTA TG PTOTAPIoC.

2.2.5 Tomog Ex@optiong (Zvveyme, Alokontopevn)

Orov pio pratapio petvel avevepyn petd amd pio eKQOPTion, TOTE AAUPAVOVY YOPO PLGIKEG KOl YNIUIKES
aAhayég o1 omoieg 0dnyovV og avdaktnomn g tdons. Me avtdv tov TpoTo, 1| ThoN TG Uratapiog, 1 onoia
peiwdnke Katd ™ Padid ekpoption, Ba avEndel Votepa amd pia mepiodo npepiog. Avt 1 dadikacio divel
pior TPloveOT | KOUTOAN eKQOPTIoNG, Ommg @oaivetor oty €Kova 2.2.6. Avtd pmopel vor odnynocel oe
mapdatactn g dtdpkelog (mNg e uratapiog.

Voltage

intermittent
discharge

Continuous
discharge

Elapsed time of discharge ~———e

Ewova 2.2.6 Enidpacn t1g O10KOTTAOUEVIS EKQPOPTIONG piog pratapiog.
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2.2.6 PvOpon Taong

H puBuion téong mov amorteitor omd kamola epoppoyn moilel peydio poAo otn y@PNTIKOTNTO KOl OTN
owapketa ComMg piag pmatapioc. Otav o oyxedlacudg oG GVOKEVNC Elval TETOL0C, MGTE ALTH VO AEITOVPYET
oTN YOUNAOTEPN OLVOTH TAON KOl GTO HEYOAOTEPO €DPOG TAONG, TOTE TMPOKVMTEL MG OTOTEAECUO
HEYOADTEPT] YOPNTIKOTNTO KOt pakpOTepn dtdpketa L.

Ymv ewova 2.2.7 ocvykpivovior 000 TUMIKEG YOPOUKTNPIOTIKEG KOUTOAES ek@opTions: H xoapmoin 1
anewkovilel pia pmatapio n onoia £xet eninedn (flat) koumdAn exedptions, evd N kaprdAn 2 aneikovilet
plo pmatapio n omoio £xEl MO EMIKAIVY] KOUTOAT EKQOPTIONG. 1€ EPAPUOYES OTOL 0 EEOTAGUOG OV £XEL
avoyn HeYOAov €0povg TACEMV KOl £ivol TEPLOPIGUEVOC, Yo Tapddetypa €og ™ otddun -15%, téte N
pmotopion pe TV EMIMEST KOUTOAN EKQPOPTIONG EEVTNPETEL OMOTEAEGUOTIKOTEPO TNV EPOPLOYT. ATO TNV
AN pePLd, av Ol puratapieg PTopovV Vo EKPOPTICTOVV PEXPL T XoUNAOTEPQ dpla Tdomg, TOTE I ddpKeELn
Cong TOV UTOTOPIOV HE EMKALVI] KOUTOAN €KQOPTIONG ivar peyaAddtepn Kot Y1 avtd 10 Adyo vreptepsl
EVOVTL TOV UTATOPLOV UE EMITET KAUTOAY EKQOPTIONG.

Voltage ———m

Hours of discharge =———»-

Ewova 2.2.7 Zoykpron enineong (1) kot emkiivovg (2) Kopmoing eKk@opTionc.

2.2.7 Xyediaon Mraatapiog

2yediaon Hicktpodiowv: Tao keld ta onoio eivar oyedlacuéva yia ) peyadlvtepn duvarn dtdpketo Long M
YO HEYAAN YOPNTIKOTNTA O WIKPEG N HECGEC EKQOPTICELS TEPEYOVV TN WEYIOTN TOGHTNTO EVEPYDV
otoyeimv. Xe dAAN epintmon, keMd to omoia Tpoopilovat Y VYNAEG eMOOGELS, Elval GYEOIOCUEVOL [LE
peydAo MAEKTPOOIOL 1 EMPAVEIEC OVTIOPOAONG KOU TO YOUPOKINPIOTIKA TOVG €lval TETOL (MOTE V.
elayrotomoteital 1 E0OTEPIKTN avTiotaot. Avtd cuVNOWE 00NYEl ®OTOCO GE LUKPES YWPNTIKOTNTEG 1) LIKPN
duapxeta {ong.

Zynua ko Aiapoppwan: To oynua Kot 1 S1pOPPOON TOL KEA0D emiong ennppedlel TRV YOPNTIKOTNTA
™G umoatapiog Kabme EMOPA 0TV ECOTEPIKN OVTIOTAOT Kol 6TV enaywyn Oeppdmroc. o mapdderypa,
éva Ynho, otevo, KOAVOPIKO KeM o€ oynua propmivag Ba £yl YEVIKA YOUNAOTEPT ECOTEPIKT OVTIOTOON
amd €vo mov givor mAaTy kot kovtd. Emiong m emaymyn Beppdmrag sivor koAvtepn oTo KEMA TTOL
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oBétovv peyddo Adyo empdvelag mpog Oyko M SBETOVY ECMOTEPIKE GLGTATIKG TO. OTTOI0L EXAYOLV TN
Beppotra oto meptPaAlov.

Emiopacn Meyéovg oty Xowpntikotyta: To péyebog g umatopiog emmppedlel Tig YopoKTploTIKES
KOUTOAEG TAOMG KaODG £xel EMidpaoT otV TLUKVOTNTO PEVUOTOC. Eva dedopévo pedpo ekpopTiong umopet
va arotelel Eva ToAd cofapd eoptio yro pio pikpn proatapio.

2.2.8 TI'Mpavon ™ Mraatapiog ko Kataostaon Arodnkevong

H pmatapio givon €va mpoidv to omoio @BeipeTan kot 11 @OopE oV EMOEWVOVETOL MG OTOTEAEGLLOL TOV
IMUKOV ovTidpdoewyv mov cvpfaivouv kotd v amodnkevon. O oyediacuds, n Bepuoxpocio Ko M
dugpkela TG TePLddoL amobnkevong eival mapdyovteg mov ennpedlovv ) ddpketa {ong 1 ™ datnpnon
eoptiong g protapiag. O TOMOC ekPOPTIoNG TOL akoAovBel petd v mepiodo @oOptTiong ennppedlet
emiong 1 owdpketo Cong ¢ pratapiog.

2.2.9 Emidpaon Tov Lyeorwaopov e Mratapiog

H emddoeig tov keMdv o¢ uépog piag urotopiog toAlov kelwv (multicell battery) cuvnfog dtapépovy
amod T1G EMOOGEIS TOV UEUOVOUEVOV KEM®V. Ta KeMA dev YIVETOL VO KATOOKEVAGTOVV TOVOLOIOTLTTO, KO
ToapOlo ov emALyovtol vo eival 1ooctabucpéva, kdbe va amd avtd avipetonilel £va SPopPETIKO
nepPdirov péca oto battery pack.

O oyedooudc piog pmatopiog ToAGV kKelmdv kol to hardware mov ypnowomnoteital, ennpealovy Tic
eMOOGELS, OTMC Kot To TEPPAALOV Kot T BEPLOKPACTH TOV LELOVOUEVOV KEMDV.

2V TEPINTOON TOV ENAVAPOPTILOUEVOV UTOTOPIDV, 1] OVOLOIOLOPPI0 TOV KEAIDY UTOPEL Vo 0ONYNOEL
oe un e&looppomnuéva peta&d Toug keMd péoa oto 1610 battery pack. ‘Etot, n tdon, n yopntikdtntd Kot
GAAQL YOPOKTNPLOTIKG TOVG UTOPEL VoL YO0V UEYEAES avopOtOpopPies o kat OAo péEAN Tov idtov pack.
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KE®AAAIO 3°: Ot Mmnatapieg Iovtwy
ABiov (Li-ion)

3.1 I'evikd XopoaxktnproTikd

Ot umozopieg Iovtov Awbiov (Li-ion) oamotelodvion omd kehd (cells) oto omoio ypnoyomolovvot
oLOTATIKA OV TEPLEYOLVY AiB10 ¢ VAKO avodov kot kaBodov. Kabdg pio tétolo pmotapio Aettovpyet,
16vto. Adiov (Li*) avtoArdoocoviar petold tov Betikod Kor Tov opvnTikod nAektpodiov. To BeTikd
niektpodo eivor ouvnBme éva PETOAAKO 0Eeidlo pe moAveminedn doun (Omwg to ofeido tov Aibiov
KoPaitiov LiCoOy) i éva vAiko pe doun onpayyog (0nmg to o&gidto AbBiov Mayvnoiov LiMn,0,) méve
o€ £vo. GUAAEKTN pedpatog amd UAAO adovpiviov. To apvntikd NAekTpodio givor cuvnbmS yYpaELTIKov
avOpaka, emiong moAveminedng doung, TAve o€ €va GLAAEKTN pedpatog yoikov. Kotd tn dadikacio
@OpTIONG N EKPOPTIONG, TO WOvTa ABiov goépyovion 1 e€dyoviarl amd Tov EVOIUECO YDPO UETOED TOV
ATOMK®V EMITEIDV KOL TOV EVEPYDV GTOLXEI®V.

Ta xvuplOTEPO TAEOVEKTNUOTO KO HEWOVEKTNUATO TOV proatapidv loviov Abiov ce oyéon pe GAleG
uratopieg cvvoyilovron otov mivaka 3.1.

IMivaxog 3.1 TAgoveKTANATA KO PEWOVEKTIRLATO praTtapldv Li-ion

IMleovexktipota Mewovektiporao,

Zepaylopuéva ke, dev amonteiton Métpro apykd KO66T0G

GLVTHPNON

Meydin didpkelo £vog KOKAOV YmoPiBacpoc tdong o vynAég

Aertovpyilog Oepurokpoaoieg

Meydro bpog Beprokpaciov Avaykn yio KOKA®pPO TpocTaciog

Aertovpyilog

Meydin ddpketa Cong AndAiero yopnTkdTNTAS Kol EKAVON
OepuomTog dtav vrepeoprtiletal

Mikpdg Babuog avtd-ekpopTiong "Exivon aepiov kot Bepuomrag 6tov

VTOGTEL KATOLO0 UNYavIKO YTOTNLLOL

AvvozdtnTa ypryopng eOpTIong Ta keMd KuAVOpIKoH GYNIOTOG
TPOCPEPOLY YOUNAOTEPN TLKVOTI T
evépyeog amd ta avtiotorya tomov NiCd
N NiMH

YymAog Babuodg kot vymin oydg
EKPOPTIONG

EVEPYELNG

Agv £ovv QoVOUEVO PUVIUNG
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3.2Xnpueia

Ta niekTpoynuikd evepyd otoryeia Tov nektpodinv otic urotapicg Li-ion givol ta petodlikd o&eidio
MBiov Yo 10 BeTiKd MAEKTPOOIO KO O YOAKOS Yo TO OPVNTIKO MAEKTPOSI0. AVTA TO. LAIKE €lval
tomofeTnuéva 6e €va AEmTO, HETOAAIKO QUAAO GLAAEKTN PEOUOTOG KO TO GLVOETIKO LAIKO &ivon
ocuvbwoc 10 @EBoplovyo moivPivoadévio (PVDF) 11 10 cvpmoAivpepés morvfrvoiidevopBopidto
eEapboponporvieviov (PVDF-HFP). Exel vrmapyet emiong kot €vag aydypog Stoddtng, cuvidmg
ypaoitng M GvBpakag peyding emedaveag emoens. To Oetikd kot 10 apvnTikd MAekTpdOlo eivan
NAEKTPIKA OTOUOVOUEVE HECH TOPMOOVS JAYOPLGTIKOD PUAAOV TOALABVAEVIOV 1 TOAVTPOTLAEVIOV
oTIG umatopieg mov ObETouy VYPO MAEKTPOAVTN, UECH EVOG OYWPIOTIKOV QUAAOV TOAVUEPOVG
niextpoAdT o€ popen yéANg (gel-polymer) otic unotapicg gel-polymer kot téhog péom evog eOAAOL
01EPE0D NMAEKTPOADTN OTIS ProTopieg otepeds katdotoong (solid state).

Amo 1o 1990, 6tav 1 Sony éByole oto gumdplo TIC TpwTEG pmotopieg Li-ion, éyel mapovciactei
TAnbopa mapariaydv g umotopiag ovtig. ‘Evag tomoc pmatapiog, mn gel-polymer Li-ion,
ypMnoonolel Ta id1a evepyd otoryeion OTMG yiveTtan oTig pumotapieg vYPoH NAEKTPOADTY, OGTOCO EYOLV
SOLPOPETIKN KOTOOKEVT TTOV EMITPEMEL TNV TAPAYMYN KEAMMDV AENTOV GYNUOTOG. XT1g pmatapieg gel-
polymer, ot omoieg otnv oayopd avaeépoviar ko ¢ pmatapies polymer Li-ion (LiPO), to
UIKPOTTOPMIEG dOYWPICTIKO QIALL TOV Y¥PNCGLOTOIEITOL OTIG CVUPOTIKEG pmaTopies, avtikabiotatot
and évo @OALo PVDF-HFP, 1| and kdmolo dAAo moAvuepés, 10 omoio givol gUmMOTICUEVO UE VYPO
niektpoAvtn. Emiong, o ovAAéxtng pedpatog otepeng popeng aviwkobiotator cvvifog and €va
dikTvo dlEVPVUEVOV HETOAMK®V GLALEKTOV pedpotos. Xta keld gel-polymer, ta Ogtikd, ta
O ®PIOTIKA KO TO 0pVNTIKA POAAL cuvdEovTon peta&h Toug HEGH TOL TOAVUEPOVS, cLVIBmG PVDF-
HFP, kot pmopodv va @tidEouv pio GLGKELN HE AMAVOTEG GTPAOCELS AVTAOV TOV PLAA®V. AV Kal Ot
umatapieg gel-polymer moapovoidlovv Tig mapandve dopopss, N ¥Nukn dodikacio Héco 6to KeAl
TOPOAUEVEL 1010, LLE AVTT TOV KOAVIPIKAOV 1| TPICUATIKGOV protaplov Li-ion.

3.2.1 Yhké Oetikov niekTpodiov

Ta Oetikd nhextpddla Tar 0moio YPNCIUOTOIoVVTOL 6TIS pratapieg Li-ion tov gpmopiov ypnoponotovy wg
evepyd otoyeio, petadiucd ofeidia tov AMbiov. Ot mpdteg pumatapieg [ovtov Abiov, ot omoieg Pynkav
ot0 gumopo amd 1N Sony, ypnowomotovcav LiCoO;. ITIAéov avamtbocovior kKeMd ta omoio
YPNOLOTOLOVV UIKPOTEPOL KOGTOVS VAIKA 1] DVAIKA LE PEYUADTEPT) KOVAOUTIKNY YOPNTIKOTNTA.

[pokepévou €va vAKO va givarl KaTdAANAo Yo va ypnoyorondel og Betikd nAektpddo, Ba mpémetl va
TAnpoi Kamoleg Tpodiaypapés dnws eaivetar otov mivako 3.2.1.
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Mivokag 3.2.1 XopakTtnploTikd VAK®OV TPOKEWEVOL v, xpnotpomomfoiv wg Betikd Aektpddio og prnatapieg Li-ion.

MeydAn Ty ehevBepng evépyelog kotd v avtidopaon pe Aiblo
Mnopel vo eveouat®oel peyaies mocotteg Adiov

Mmnopel va eveopotooet aviiotpentd Aiblo ywpic va vrootel aAlayéc ot
doun Tov

Meydlog Babuoc d1dyvong 1évtwv Abiov
KoAn ayoypoétto niextpoviov

Ad16A0T0 GTOV NAEKTPOADTN

[Tapaockevaletarl and avéE000VS AVTIOPACTIPES
UNA00 KOGTOLG

Xvvbeon yo

3.2.2 Yhkd Apvntikod Hiektpodiov

Ot pddtec pmartapieg Li-ionypnoiporotovcav ontdvOpoko (Kok) TETpeEAdiov 6To apynTikd NAEKTPOSL0.
Ta vAkd ta omoia éxovv ¢ Paon To K®K, TPOSEEPOLVY KaAn ywpntikoétnta, 180 mAh/g, kol sivon
otafepd KoTd TN GLVOTOPEN TOVS UE TOVG NAEKTPOAVTEG TTOV £X0VV MG PAcm TO avOpPaKIKO TPOTLAEVIO
(PC), oe avtibeon pe ta ypopntikd viwkd. H dvciertovpyio @ot660 oter omtavOpakikd vAKd ivar 0Tt
KATO TV TOPOovsics TOL avOpaKiKoy TPOTVAEVIOD, OKIOMVOLV TO S1APOPE CTPOUOTO OVACTEALOVTOS KAOE
avtidpaon. I[MAéov, ot pmatapieg Li-ion ypnowomoovv dudgopovg tHmovg GvOpoka oTo apviTiKd
niektpddia. Kdamowo keAd ypnoipomolovv guoikd ypaeitn, o omoiog eivar daBéoipog pe mord pkpd
KOGTOC, EVM GAAL YPNGLUOTOI0VV GKANPOVS AVOPUKES, 01 OTTOTI01 TPOGPEPOLY YWPNTIKOTNTEG LEYAADTEPES
and aVTEG TOV YPAPNTIKOV VAIK®V. H mAsoyneio tov pratapidv Li-ion mov ypnoyomolodviot cg
niektpovikd mpoidvra onuepa ypnoyonowvy LiCoO; (0&eido tov koPaitiovyov Abiov) wg LAIKO
apvntikod Niektpodiov. Alha €idn pmatoapuodv Li-ion ypnoponotovv LiMn,O4 ko LiNiO; . Ta tehevtaia
xpovia €xetl eppaviotet To LiFePO, (iron phosphate) g vAikd kabodov. Ot urotopieg pe avtd TO0 LAIKO
K0B0dov &ivar mOAD OMUOPIAEIG GE €QUPUOYEG MAEKTPIKOV ovTOKIVATOV AdYyo tov flat kapmdiov
EKQOPTIONG KO TNG HEYAANG TLUKVOTNTOG 16X00G 7oL SaBETOVY (0 GLYKEKPIUEVOS TUTTOG UTOTOPLOV
aVOADETOL SIEE0OTKA TOPAKATM).

A&iler vo onuewwbet 6T T0 KéOe €idog umatapiog ovopdleton pe Pdon TO LVAIKO TOL YPNGIUOTOLEL MG
apvNTIKO NAEKTPOS10.

3.2.3 HlektporiTeg

Yt¢ umatapieg Li-ion  ypnowomolobviar TEGGEPIC TOMOL  NAEKTPOAVLTAOV: VYPOL MAEKTPOALTEG,
NAEKTPOADTEG GE HOPON YEANG, MAEKTPOADTEG TOALUEPDV Kol Kepopkol mAektpoAvtes. Ot vypoi
nAekTpoAvTEg elval dtoAdpata dlatog ABiov oe opyavikovg daAvteg, cvvibwg avBpakikd diata. O
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NAEKTPOADTNG TOALUEPOV €lval éva VAMKO TO omoio dev glval ovte VYPO, 00TE OALTO. ZTOVG
NAEKTPOAVTES AVTOVG, Hia LOVIKA aydYyun @domn oynuotifetot omd didivon GAaTog 6€ TOAVUEPEG LEYAAOD
poptakod Papovg. Amd v GAAN, 6TOVE NAEKTPOAVTEG HOPPNG YEANG, O MAEKTPOADTNG givarl £va oviKd
AYOYIHO VAIKO OTOL GAOC Kot SOAVTNG SAVOVTOL 1) OVOULYVOETOL GE TOAVUEPES LYNAOD HOPLOKOV
Bapovg. Ot kepaptkoi NAEKTPOADTEG AVAPEPOVTOL GE OVOPYOVE DAIKA GTEPENG KATAGTOCNG TO OOl £ivat
LOVIKMG Oy DYLLOL.

3.24 YMkd owymplot®v

Ta kel Li-ion ypnowwonowovv Aentég (10 éwg 30 pm), HIKPOTOPMOES TOViE, £T0L MOTE Vo
QITOLLOVMOGOVY NAEKTPIKA T BETIKA [e To apyMTIKA NAEKTPOdIO. Znpepa, OAa To KEALd Tov gumopiov, To
omoio £(ovV VYPO NAEKTPOAVTN, YPNOUYLOTOOVV HKPOTOP®MAT VAIKE TOAVOAEPIVIG KaOMG TPOGPEPOVY
€EAPETIKEG INYOVIKES 1O1OTNTEG, YNUKT EVGTADELD KOl OTOOEKTO KOGTOC.

Ot 0ot GELG Y10 TO VAMKG TV oy mplot®dv Tov Kehmv Li-ion givat ot mapoxdtm:

o  MeydAn pnyovikn KatevBuvTiky SOV £TCL MGTE VO EXLTPENEL TNV OVTOLATOTOMUEVT TEPLEMEN
e Agv ovppikvarveton o€ BéBog

e Avtoyn oto TpOTNUA omd TO VAIKA TOV NAEKTPOdImV

e To anoteleopotiko péyebog mdopwv givor pikpotepo amd 1pum

o AwPpéyeTon eDKOAN OO TOV NAEKTPOADTN

o  Zuuford Kot EVGTAOES KATA TNV ETOEN TOV LLE TOV NAEKTPOAVTI KO TO VAKA T®V NAEKTPOOI®V

3.2.5 IIp6c60Oeta nrekTporivT®OV

[Tpoxeyévou va Bertiwbolv Tepattép® o1 EMOOGELS TOV UTATAPIDV, £X0VV ovorTuyOel dSidpopa Tpdsbeta
niektpoivtav. Kdamowa tpdcsbeta, 6nmwe 1o BF3, kot ta cuyyevr) coumloka, eivar oyedacpuéva £Tot, OOTE
Vo ToONTIKOTTO0HV TNV EMPAVELD TOV DAMKOV TOV NAEKTPOSIOV Kol Pe avTdV TOV TPOTO VO LEIMVOLV TN
pomn Tovg Yo vroPiacpd. AAla mpdcheta, dnwg to eapedviodictraldvio (HMDS), ypnoiponotodvton
Y0 VO LEUDGOLY T1 JEMPOVELNKT AVTIGTOON Kot ovTIOPOUV HE TO veEPD, PEATIOVOVTOS £TOL TNV €00
TOL KEMOV.

Mo vo avadeyBel n ypnowdmra evog Tt€t00v TTPochétov, omnv ewova 3.2.5 aivetor 1 €01k
yopnTikdmta piag pmotapiag Li/LiMnyO4, M omoia ypnowomoieiton otovg 55°Cypnoilonoidviag
nAektpoidtn pe mpoécBeto HMDS addd kor ywpig avtd. Onwg avadekvoetal, 10 keAl pe to tpdcsbeto
HMDS rapovcialetl pikpotepn fodion yopnrikdtnroc.
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Ewéva 3.2.5 : E1dwkn yopntikétnre pog protapiog C/LiMn,0, kaddg xpnoponorcitar 6tovg 55°C pe évav
NAeKkTPOLVTN 0 0omoiog 611 pio TepinTon dwwbdéter pdcBeTto HMDS ko sty GArn o).

3.3 Emo006£15 Kot YopuKTNPLOTIKG pratopi®v Li-ion

To yevikd yopaxploTiKa endocemv TV puratapldv Li-ion gaivovtat otov mivaxa 3.3.

XopoKTNPLoTIKA

Evpog Emidoonc

Tdon Aertovpyiag KeA0D

4.2 éwg2.5V

Ewdum Evépyewa 100 éw¢ 158 Wh/kg_;

ITukvotnTo evépyetag 245 ¢mwc 430 Wh/L

AvvaTdtTTo CLVEXOVG EKPOPTIONC Tomwko: 1C
Méyioto: 5C

AvvotdTTo oTIYHoiag EKPOPTIONG Méx_pt 25C

Kvrhot Aertovpyiag yro 100% DOD Tomuca 3000

Kokhot Aertovpylog yio 20 €wg 40% | [Tave amoé 20000

DOD

Awgpkela Comg [Tavw and 5 years
BaOpodg avto-ekpoptiong 2 to 10%/month
Oepuokpaclakd £0pog Aertovpyiog -40°C to 65°C
Dowvopevo pvhung Oxt

[Tukvotta 1oyvog 2000 £m¢ 3000 W/L
E1d1cn 1oy0g 700 émg 1300 W/Kg
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Xopoktnprotikd kon peyédn proataprov Iovrov Abiov

Y1ovug mivaxeg 3.3.1 kat 3.3.2 paivovtol To QUOIKA Kol To NAEKTPIKE YOPOKTNPICTIKA TOV KLAIVOPIK®V Ko
TPOUATIKOV protapldv Li-ion avtictouya.

Mivoxag 3.3.1 DU61KE KoL NAEKTPIKG YOPUKTIPLETIKA TOV YUPUKTIPIGTIKAOV KOAMVIPIKAOV praTtapidv Li-ion C/LiCoO,

Type 14500 14650 17500 17670 18500 18650 26650 33600
Height, mm 50.0 65 50 67 50 65 65 60
Diameter, mm 14 14 17 17 18 18 26 33
Volume, ml. 7.7 10 11.3 15.2 12.7 16.5 34.5 51.4
Mass, g. 19 26 25 35 31 42 93 125
Capacity (Ah) 65 .90 0.83 1.25 1.1 1.8 32 5.0
Specific energy (Wh/kg) 126 128 123 132 131 155 354 150.4
Energy density (Wh/L) 312 333 273 306 320 410 131 366

MMivakag 3.3.2 ®ueIKE Kol NAEKTPIKE (OPUAKTIPLOTIKA TOV YUPUKTIPLOTIKAOV APLORATIKOV pratapidv Li-ion C/LiCoO,

Cell type 61719748 46/30/48  55/30/48  81/31/48 65/35/67 103/34/30 160/61/78 280/95/151 460/89/128 3500/130/208
Shape Prismatic (thickness (0.1 mm)/width {mm)/height {(mm)

Height, mm 48 48 48 48 67.3 50 78 151 128 208
Width, mm 19.5 30 30 30.5 35.1 34.1 61 95 80 130
Thickness, mm 6.1 46 55 81 6.5 10.3 16 28 46 50
Volume, ml. 5.70 6.6 7.9 1.9 15.3 18.4 76 136 465 1352
Mass, g. 1.5 14 16 24 33 38 185 870 1108 3630
Capacity (Ah) 0.42 52 0.6 0.9 96 1.5 7.0 35 40 160
Specific energy (Whikg) 135 137 138 139 104 146 145 145 156 160
Energy density (Wh/L) 272 291 281 280 226 301 345 344 372 430

3.4 Xapokmprotikd ®opticns tov Mrotapiov Li-ion

Ta keMd Li-ion katackevdloviol 6€ pn QopTIGUEVN KOTACTAGCT KL £T6L TPENEL VO POPTIGTOVV TPV ad TN
xpnon tovc. Ta kehd Li-ion @optiCovtol tumikd gite ypnoomoldviag eoption otodepold peduatog
(Constant Current- CC), gite ypnowyomoidvtag goption N onoio, aAAGCEL amd eopTion otafepol pedOTOg
oe @option otabepnc taong (Constant Current-Constant Voltage- CCCV). Avtd to chotnua ¢poOpTiong
EMTVYYAVETOL HEGH TNG YPNONG TOL KLKAMUOTOG Olayeipiong tng pmotapiog. Xe Hkpovg Pabdpotc
@optiong (C/5), 1o ovomua CC mpoceyyilel 10 svomuo CCCV kabhg to ke givar TANPOS popTIcUEVO
otav gmtevydet 10 dve 6plo Thomg.

Ta keMd Li-ion propodv va vrofaduiotodv averavopfmto omd Ty vIepPOPTION N TV VIEP-EKPOPTIOT,
Kol UTOpPOOV Vo EKADGOLV aéplo av VIEPPOPTIOTOLV. [t avtd t0 Adyo, Ol upmotapieg cuvniBmg
¥pNooToovV Eva cuoTnUa dtayeipiong ¢ puratopiog (Battery Management System-BMS) é161 dote va
e€ac@aMoTel 1 aGPAANG AstTovpyia Ko va amo@evydel TXOV EoVOLEVO VTEPPOPTIONG. AVTO TO GVOTNUA
WTOPEL Vo TPOGPEPEL Kal EMTAEOV AELTOLPYiES, OTMG emMTNPNON NG Katdotaons eoptiong (State Of
Charge- SOC) kot gmtipnon ¢ Beppokpocios. [ToALol KATAGKEVAGTEC GUVIGTOVV QOPTION UE HIKPA
pevpata (pikpotepa and 0.1C) av 1 tdon tov KeAlo0 téset kbtm amd 2.5 V.
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3.5 Mnratapieg Iovtov ABiov IMolvpepdv (PolymerLi-ionBatteries-
LiPO)

Ot unotopieg LIPO mpoceépouvv o yapokTnploTikd enidoong tov pmatapiov Li-ion, énwg n vynin
E101KN EVEPYELDL KOL 1] VYNAY] TUKVOTNTO EVEPYELNG, GE VO OYNIO UIKPOD TAYOVS HE UEYAAO GUVTEAESTN
emoeaveloc. Ta keld LIPO ypnoiponolovv ta idta evepyd otoryeion OT®G To KUAVIPIKG 1) TPIGHOTIKA
keMa Li-ion. Qotoc0, ota keld LIPO ypnoyomolovvton enineda, cuvoedepéva petaé&d toug nAeKtpodia
€101 OOTE va YIveTOol duvatn 1 TOPAY®YN AETTOV KEM®V TO. omoio €ival cuokevacuéva péoa oe pio
Touvia, v avTlOEsEL PE TIG HETOAMKEG 1 AAOVLVEVIES ONKEG KEAMMV TOV YPTGLULOTOLOVVTAL GTIC UTOTOPiEg
Li-ion. Avtog o tOmo¢ KataoKevg Qaivetal oynuotikd oty gwkova 3.5.1, émov mapovolalovior ta
dlapopa emimeda Katookewns. Eva eumopikd mpoidv eaivetal oty eikdéva 3.5.2.

Al mesh

+ Plastic electrode
(Cathode)

s Plastic electrolyte

~— - Plastic electrode
(Anode)

Cu mesh

Ewova 3.5.1 Zynpotiké diaypappa to omoio dEiyvel TNV KATOGKEVH €vOg KeEAov LiPO

Ewova 3.5.2 Mia pratapio Iovrov Aiov Iolvpepav (LIPO) 0.57Ah
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Mia Wwitepa eAkvotikny 161otta tov urotapidv LIPO(cvykekpipéva tov C/LiMny0y) eivan 1 ikavotta
TOVG VO OVIEYOLV TN OLOIKY Katamdvnon. Emiong, ot cvykekpyéveg pmotapiec, cOUP®VA LE TOLG
KOTOOKEVOOTEG TOVG, UTOPOVV VAL VITOGTOLY UNXOVIKO TPOTNHO, VO £ivOl TANPOS POPTIGUEVEG 1| OKOLLOL
KO VTEPPOPTIGUEVECS, YWPIG VO EKONADGOLY POTLA 1| EKPNEN.

3.5.1 ITvkvémnta Evépyelog tov Mratapiov LiPO

Ot pratapieg LIPO metvyaivouv peyadeg TIUES €I0IKNG EVEPYELNG KOl TUKVOTNTAG EVEPYELONG, Ol OTOIEG
pdiota  givar vynAdtepec omd avtéc TtV pmatopidv  Li-ion vypod miextpoAddtn. E@dcov n
niektpoynueia, Onwg eniong Kol 1 TOGOTNTO Kol TO PAPOS TOV SAPOP®Y GLOTUTIKOV GE OLTEG TIC OVO
teyvoloyieg (Li-ion vypod miektpordtm kor LiPO) givar mapdpoteg, 1 dwopopd mov mapovotdletot
gykertat ota EAaEPOTEPA Kol AETTOTEPO VAIKG GLGKEVAGING T 0ol YpMoiomolovvtal o€ eninedeg (flat)
umotopieg TAEYUEVOV NAEKTPOSI®V, AP0 KL GTIV MO OOSOTIKN XWPIKTY EKUETAAAEVOT).

3.5.2 Xapakmpiotikd @oprtiong Mratapidv LiPO

Ot pmatapieg LIPO, 6mwg ot kudvdpikég 1| mpiopatiég pratapieg Li-ion, pmopovv va goptictolv eite pe
cvotua otabepod pevpatog (CC), eite pe cvomua otabepov pedpatoc- otabepnig taong (CCCV). To
PEVUO POPTIONG KOt 1) TAOT] TNG Uratapiog Katd T didpketo eoptiong piog pratapiog LiIPO0.120 Ah,
C/LiCo0O; paivovtar otnv gikova 3.5.2.1 yio fabpode eoptiong 1.3C , 1Ckar 0.7C. Xe kabe mepintmon,
umatopio eoptiletar pe otabepd pedpa péypt va etacet To 0pto tov 4.2V . And ) otryun ekeivn ki
EMELTA, TO PEVLLOL LEUDVETOL CLVEYMG £TG1 MOTE Vo dtatnpeitan 1 téomn ota 4.2V. Mg puBud podptiong oto
1C, 10 40% 10V 2 0pdV @OpTIoNG NTOV VIO TO CVLGTNHIO GTAOEPOD PEVUATOG.

020 —— ——————F—————F—————————— 45
L 1a3c, - ——p—
< 015 7f/;\
2 :f-
0.10 g
£ v \ \ 0.7C g
E'.I 9 o
g ]'{ \ {35 =
S oosl \\ ]
pool—— . e 3.0
0.0 0.5 1.0 15 2.0 2.5

Charging time, (h)

Ewova 3.5.2.1 Pgdpa péptionc kor tdon katd ) didpkero goptiong pia proropiog LiPO0.120 Ah, C/LiCo0, ota 1.3C,
1.0C kv 0.7C, oTovg 21°C
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3.5.3 Avvarotntes Maatapidv LiPO avdloya pe tov Babpov Ex@optiong

H dvvatdmreg piog pratapiog LIPO C/LIC0O; oe Babuovg expoptiong and 3C g 2C eaivetar otnv
ewova 3.5.3.1. Onwg eaivetar, n protapio omodidel Tave ond 1o 95% g yopnTikdTTis TS o€ Paduo
1C, 87% ota 2C xor 77% ota 3C.Ze yauniovg Babuovg ekpoptiong, n pratopio anédwaoe pio péon téon
3.8V; ota 2C, 3.55V; kot ota 3C, 3.45V. H pnatapia eniong anédwoe mhveo and to 80% g drabéoiung
evépyeldg g ota 2C.

45—

Voltage, V

2.5 [ L i i 1 1 1 i 1 i 1 L 1 i i 1 1

0 20 40 60 80 100
capacity utilization, %

Ewéva 3.5.3.1 Ex@oprtion piag protapiog LiPO 0.12 Ah C/LiCoO; amé 3C £m¢ 0.2C, atovg 21°C

3.5.4 Emdoceig protoprdv LiPO otig youniic Oeppokpacisg

2mv ewova 3.5.4.1 @aivovtar ot YopaktpioTikég KaUmOAeg ekpoptiong piog puratapiog 0.57 Ah Sanyo
C/LiCo0; Li-ion polymer pe pvoud ekeoptiong 1C, yio Ogpuokpacicg and -20°Céwg +25°C. Onwmg
eaiveta, N protapio anédwoe to 58% tng yopntikdmThc e otovg  -10°C.

H ovumeprpopd tov pmatapuov LIPO C/LIC0O; e yapniéc Oeppokpaciec cuvoyiletor oty KOV
3.5.4.2, y1o. puOuovg exeoptiong and 0.125C dwc 2C kon yua Ogpuokpooicg and -20°C dwc 21°C. Ztovg
0°C, 6tav exgoptileton oto 1C, N protapio anédwoe 10 72% g xopNTIKOTTAC TG XTovg -20°C |, ot
younAd pevpata ek@optiong (0.125C) n puratapio amédmoe 10 90% g ¥@OpNTIKOTNTAS TNG EVO oTNV 1d10
Oeppoxpacio kot pe pvOud exeoptiong C/2 amédwoe t0 37% ng yopnTKoOTTAS TG Metd ™V
exQoOpTIoN, o€ younieg Oeppokpacieg, M pmatopio amESWCE TNV OPYIKY NG YOPNTIKOTNTA OTOV
ekpoptiotke otovg 21°C, avadeucviovtog Ot dev vrofaduictnke omd Tovg KOKAOLG Aettovpyiag KAT®
amd O10POPETIKES TIUEG BepLokpaciag.
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Ewova 3.5.4.1 Taon pratapiog LiPO 0.57Ah katd v ek@option pe 0.57 A. H pratapia sixs poptistei pe CCCV ota
0.57 Al4.2V (kT opro peopartog ota 0.028 A)

1DU:- %

-«— After discharge
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20 -
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21 0 21
test temperature, °C

Ewova 3.5.4.2 An6doon yopnrikétnres kotd v ek@éption pratapiog LiPO C/LIC00,. H pratapia gixs poptioTei
otovg 21°C.

——
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3.6 OvMmnatapicg LiFePO, (Lithium Iron Phosphate)

H pmotopic Awbiov iron phosphate (LiFePO,), 1 aAlwg LFP, givor éva €idog emavapoptilopevng
umatopiog Io6vtov ABiov (Li-ion), n onoia ypnoiponotei LiFEPO4 w¢ vikd kabddov. Ot urotapieg avtég
€YoV KOmmG UIKpOTEPN TLKVOTNTA evEPYELNG amd T Kowég pmotapieg LiCoO,. Qotdé60 mpospépovy
peyodvtepn didpketo {ong, peyodhtepn mukvotnTa 10006 Kat gival €K PHGEWS AGPAAESTEPES. XNUEPQ, O1
umotopieg LiIFEPO, Bpickovv popproyn o€ NAEKTPIKA oTOKIVITO KOl GUOTNUOTO EPESPIKNG TOPOYNS
EVEPYELOG.

3.6.1 ITheovektipoto kot Mewovektipato Tov Maatapiodv LiFePO,.

¥10 kepdAaro 3.2.2 gidape 0TL | TAEOYNQia TV pratapidv Li-ion mov ypnoiponolovvtol 6 NAEKTPOVIKA
npoiovta ypnowomoovv LiCoO, g vAkd apvntikod miektpodiov. Alho &idn pmatapiov Li-ion
ypnoonotovv LiMn,O4 kot LINIO,.

H protapia LiFePO4 ypnoytomotel ynpeio n omoia £xel wg Pdon avt) tov Ioviov Abilov pe anotéiecpa
va dtf€Touy moALA Kowvd ototyeia. Qo100 TaPoLGLALOVTL KOl CNUOVTIKES SLOPOPES.

Il govekTijuazo:

e Hymueia LFP mpocpépetl otig pmatapieg peyarvtepn dwdpketa (ong o€ oxéon U TIG AAAEG
ynueieg Li-ion.

e H yprion ¢mcOpov £xel OC AMOTEAEGO VO ATOPEVYETOL TO KOGTOG TOL KOPaATiov Kot ot
nepoiroviikol Kivouvol mov vrdpyovv, £10KA 06OV aPopa Tt dleicdvon Tov KoPaAtiov
670 TEPPAAALOV HEGM aVEEEAEYKTNG ATOPPIYNS TOV.

o O pumnartapieg LiFePO4 £xovv peyorvtepeg tipég pebpatog 1 aypég woyvog and tig LiCoO;.

e Ta xemd LiFePOs mapovcualovv pikpodtepo Pabud ondiewng yopntikodtntos (apo
peyaivtepn dapketo Long) and tig pmatapieg ynueiag Li-ion 1 LIPO 6nwg LiCoO, xat
LiMn204.

Merovextiuara:

e H mukvomra evépyslog piog kavovpyog pmatopiog LiFePOgseivar 14% younidtepr amod
pio koavovpywn pmatoapio LiCoO,. Emiong, pmotapiec LFP opiopévov kotackevaot®v
TOPOVCIALoOVY UIKPATEPOLS PLOUOVG EKPOPTIONG OO TIG Umatapieg LOoAVPOOV-0EE0C N TIG
LiCoO,. Epdcov o puBudc expdptiong eivar avaroyog e xopnTikOTTAG TG UIaTapiag,
évag vymAoTePOg puOuOg pmopet va emtevybel ypnopoTOIOVTOS LEYOADTEPT UmaTapio
(meprocotepa apmepdpio Ah).
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3.6.2 Aocodiera

‘Eva onuavtikd mieovéktuo tov LiFePO4 évovit tov vroélowmmy Li-ion eivon n Oepuikn kot ynuikn
gvotdbela, N omoia Pertidvel v acedaieto ¢ umotopioc. To LiFEPO, givorl ek @Ooemc mo acpaiéc
VKo kaBodov and 10 LiCoO,. O deopdc Fe-P-O eivar mo dvvatdg and tov Co-O. Avtd €xel o¢
amotéleopa, 6tav vrootel Kamown kakonoinon (Bpayvkdximpa, vrepBéppavon kAr), ta dropa o&uyodvou
elvar ToAY mo dHokoAo va petaxwvnBovv. H gvotdbeia tov evepysimv g o&edoavaymyng Ponda emiong

GT1 YPNYOPN OVIKY| HETAKIVION.

Kobng to Aibro amofariretar amd tnv KaBodo oe Eva kel LiCoO,, to CoO; vmofdiietal 6 un YPOLLUIKY
OloTOAN, KATL TO omoio emnpedlel TV akepOOTNTO TNG OOUNG TOL KeAloV. Avtifeta, oTig umatapieg
LiFePO,, o1 katactdoelg otic omoieg vapyel povo AiBo Kot owTég Katd Tic omoieg dev vIapyel KabOAoL
MO0 givar dopukd 1d1eg. Avtd onpaivetl 6t Ta kehd LiFePOy givan dopukd mo otabepd amd to aviictouyo
LiCoO,.

e évo TANpog eopTiopévo ke LiFePO4 dev péver kaboiov Aibo otnv kdbodo. Xe éva kel LiCoO,,
nepimov 10 50% tov Mbiov mapapével oty KaBodo. Apa ot uratapieg LiFePO, ivar mo avBextikéc katd
TNV OTOAELD 0EVYOVOV.

Enopévmg, ta kehd LFP avagiéyovion moAd mo d0oKo o 6TV TEPIMTOON KOKOUETAYXEIPIONG, EOKA KATA
™ @o6pTIon, av kol kibe pmoatapio agod @optiotel TANPpw pmopel va amoPdier v Omolo evépyelo
vrep@optiong pHécm Beppomtac. Enopévac kivovvog avdeieéng mdvta vrdpyetl, anid eivor pkpdTepog.
Eivar yevikd amodektd motoco 01t ot pratapiec LiFePO4 dev amocvvtifevtar og vyniég Beppokpaocies.

A&ilel va onueimBei 6tL T00 Tapamdve TAsovektuata Tov pratapliov LFP évavtt tov LiIPO kot tov
vrorowmmv Li-ion (0nwg LiCo0,), Tig £x0vv KAVEL TO EAKVOTIKEG G€ £va LEYOAO £0POG EPUPLOYDV OTTMS
TO NAEKTPIKA VTOKIVITO KO O OLEPOUOVTEMGLOG.

3.6.3 Xapaxkmprotikd Tov Mroatapr@v LiFePO,

210V TapoKAT® Tivoko Tapovstdloviol GUVOTTIKE To YapakTnplotikd piag urotapiog LiFePO,.

[Ecviovipyon  Jooutownkg
[loosoe Bvépyene  ooowbn ]
[Edwilope  Tsoowkg

Kokiot  Aertovpyiacytr  100% DOD || 2000-7000 kdxrot

(ap1Bpog koxhov oto 80% TG apykng
AOPNTIKOTNTOC)

[Ovopooruciwionwemos  f33v_———— ]
[ Karoar wion exoopuongeon  fo8v ]
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3.6.4 ®option TOv Mratopuov LiFePO,

Onmc mopovsldotnKe 6To TPONYoUUEVO Ke@aAoa, ol uratapieg LFP &yovv mapdpota ynuikn cdotaon pe
TIg vwoAowmeg umotopieg Li-ion kot LIPO. Enopévog n @dption tov pmatopiov LiFePO, yivetor pe
ocvotuo otabepod pedpatos-atadepng tdong (CCCV), omwc axpifodg dnradn kot otig urotopicg Li-ion
ko LIPO.

[To cvykekpuéva, ot pratapiec avtéc poptilovion pe otabepd peda uEypt n Ton KEAMOL Vo TACEL Ta.
3.6V. Amo ekel ko mEPA, TO PEVUA HEWDVETOL GLVEYMG £TGL MoTe va OlatnpnOel otabepn n tdon. H
QOPTIOTN SOKOTTETOL OTOV TO PEVUA WOUVIKA UNdEVIOTEL. TNV TTPAENn, 1 T TOV PEVUATOG OTAVEL TTEPiTOV
ota 0.005 A. Na onuewwbet 6Tt 10 pegvpa edptiong katd 1o cvotua CC kabopiletor amd TIg
TPOJYPaPES TTOL divel 0 kdBe KataokeLaoTS. Zuvibwe, ypnotponoteitoan eoption 1C evd opiopéveg
puratapieg éxovv ovopaotikny @option ota 3C. Xe avtég Tig pumatapieg m ypryopn @Option pmopei va
otaoet ko ta 10C.
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MEPOX B’

210 puépog A’ mapovclioTNKAY PBactkEg EVVOLES KOl 1) apyN AELTOVPYING TOV UIOTOPLOV Kabdg Kot ot
Tapdyovteg mov emnpedlovy v anddoon toug. ‘Eywve eniong ektevig meptypagn tov urotapiov [dviov
Abiov.

Me Bdon ta daitepo xopaKTPLoTIKA 1oL Tapovctalovy ot pratopieg LIFEPO,, o1 onoieg eivar éva €idog
urotapidv [oviov Aiov, oto B” uépog g mapovoag Smiwpotikng 0o tpaypoatomondel o oyedacuog
€VOG GLGTNLOTOG POPTIGNC VTAOV TMOV UTATAUPLOV.

Onwg moapovcldoTnKe Kot 6To TPONYOOUEVO KEQAAULM, O TPOTOG POPTIONG TV pratapldv loviov Adiov
(apa kot Towv LiFEPO,) kot tov pratapiodv Io6viov Abiov TTolvpepmv (LIPO) givar o idtog. To pudévo mov
aArdlel Yo kéBe mepintoon unatoapiag ivor ta dveo kol KAt Oplo ToNG Kol pEOUATOS TOV TPETEL VOl
TNPOVVTOL Kol TO 07010, divovTon amd ToV KAOE KOTACKEVAGT.

210 oynua B.1 mapovsialetat to pmAok Stdypapilo. TOL GLGTHUATOG POPTIOTG TTOL Ba oYESIAGTEL.

Ewova B.1 : Mrlok dudypappa goptieti protopiov LiFePO,

AikTuo ) Battery Pack

BEMS
(Battery Management System)

Onwg @aivetal, To OGN POPTIONG OmOTEAEITAL OpYIKAL amtd EVa TPOPOSOTIKO TO OMOI0 PETATPETEL TV
EVOAAAGOOUEVN TACT] TOV SIKTOOL GE GLVEYN TAGN, KATAAANAN Vo @opticel pio cuotoryio TE6odpmY eV
oelpd ouvdedeuévov kemov LiFePO,. To tpo@odotikd avtd goptilel Tig unotopicg pe oVGTNUA 6TAOEPOD
pevpatoc/otabepng téong (CCCV). Olo 10 cdomua eopTions eréyyetarl kot Kabopiletar Kabe otryun
and To BMS (Battery Management System), 1o omoio &ivol 0 £yKEQOAOG TOV GLOTAUATOC KAOMG EAEYYEL
KkéOe otiyun Oheg TIC MOPAUETPOVS TOV GLGTHUOTOG, £TCL MOGTE 1) EOPTION Vo €ivol OTOJOTIKY Kol
AGPOANG.

Y10 4° kepdhoio mapovolalovtol apyikd to Kuptdtepa £idn Tpogodotik®dy. ‘Encita mpoypatonoleitol n
o£010LOT TOV TPOPOJOTIKOV Y10 TN GUYKEKPLUEVT EQPOPLLOYT.
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310 5° KeQAANIO TPAYUOTOTOIEITOL O GYESIOGUOG EVOC GUGTAOTOC OTOUOVOCTE KO TapaKoAovONoNg TG
Taong tov ke otoyeiov tov battery pack. Emiong mapovoidletar éva oAokANpoOUEVO KOKAMUO TOV
gumopiov 10 0moio YPNGYLOTTOLEITAL EVPEMGS Y10l TAPOUOLEG EPOUPLOYEC.

Y10 6° kepalalo mapovolaloviar ot KuptdtePol TPOTOL 1606TAdUoN G TG TAONG TOV KEMAOV NG
ovototyiag Tov battery pack kot emdéyetot o Tpdmog OV EPapUOlETaL 6TO VIO PEAETN GVOTNU POPTIONG.
Eniong mapovsidletar o kddwkog mov ypdeetor otov pkpoereyktn tov BMS, 1o omoio ovclactikd
eAEyyeL TNV 1000TAO o).

210 7° ke@OAALO TAPOLGLALOVTOL Ol TPOTOL EVPEGTS TG Katdotacng edptiong (State Of Charge-SOC)
plog pumoatapioc. Avoivetol molog TpOmog €ival 0 mo 0EWOMGTOC KOl OTOd0TIKOS Yo TIG UTOTOPIES
LiFePO,. Emiong yivetar peAétn g eyKatdotacng evog cuoTHUaTog voloyicpod tov SOC otov vid
oYEOOGO QOPTIOTH.

210 8° ke@OAAO UEAETAOVTOL Ol TPOTOL TEPUOTICUOD TNG POPTIONGS KOl avoldeTan 1 Stokon] GOpTIoNg
AOY® vrepBEpavong.

210 9° keedAawo yiveral pEAETN Yoo TNV TOPOVGINGCT KATOIOV OTOTEAECUATOV KATO TN SLOPKEL TNG
@optiong og 006vn LCD. Eniong oe avtd 10 KEQALOIO TPAYUATOTOLEITAL O TEMKOC TPOYPOALUUATIOUOS TOV
UIKPOETEEEPYOGTY] TOV GLGTNUATOS POPTIOTG.

10 10° ke@dlato Topovstdletor N cHVEEST OAOV TV TAPUTAVED VTOCVOTNUATOV OOTE VO, TPOKDYEL TO
TeMKO KOKA®po tov @optiot umotaplidv LiFePO,. Emiong oto kepdAioto ovtd yivetar Kot Evog
TPOGEYYIGTIKOG VITOAOYIGUOG TOV KOGTOVS KATAGKELNG TOL (POPTIOTN.

Téhog, oto 11° kepdhoto mpaypatomoteitar pion cHvVOyN Kol OVOSEIKVOOVTIOL TO, TAEOVEKTALOTO TOV
(QOPTIOTN TOV GYEOIACTNKE EVOVTL TNG TAELOYNPIOC TV POPTICTAOV TOV KUKAOPOPOVV GTO EUTOPIO.
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KED®AAAIO 4°: DC Tpo@odoTtikd

4.1 Evocayoyn
Ta DC tpopodotikd pe otabepomomuévn téon yperdlovral oe TAnBmpa epapuoymv. Ta tepiocdtepa
TPOPOOOTIKA EIVOL GYEIUGUEVA Y10 VO, TKOVOTTOLOUV OAEG 1) LEPIKEG OO TIG TAPUKATM ATULTIOELG:

o XYrtaOepomompuévn £€000. H tdom €£0600v mpémel va. mopopével otabepn G TTPOS TIC
HETAPOAEC TNG TAOTG €GOS0V Kol TOV POPTiov oty €000, HEGH GE OPIGUEVE OPLaL.

e Amopovmon. H £€odoc mpémet va eivor nAEKTPIKA ATOLOVOUEVT 0td TNV €16000.

o Tlorhamrég £€0dor. Tlpénet va vapyovy moAlamAiés €£0dot (BeTikéS Kol apyNTIKES), Ot
omoleg mPEMEL VO SLAPEPOVY MG TPOG TIS TPOOLAYPAPEG TAOTG KOl PEVUATOS. AVTEC Ot
¢€0dot Tpémel va elval amopovouEveg Heta&h Tovg.

Extég amd T mopandve amaitnoelg, Kown emdingn oto TpoodoTiKa gival 1 Helmor Tov d1aeTicemY
Kot Tov Bépovg toug ko M avénon g anddoons tovg. I[lododtepa YPNOLLOTOOVVTAY YPOLLLUKA
TpoPodoTikd. Opme, n mpododog TG TE(VOAOYIOG TV MUIY®YOV 0dNyNce ot YpNon OKOTTIKMV
TPOPOJOTIKAOV, TOL OMOl0. GE GUYKPION WE TO YPOUUIKOA TPOEOJOTIKE £xovv [kpoTepo péyehog kot
peyolvtepr amdooot. To KOGTOC TV YPOUIKAV Kol TV SLUKOTTIKOV TPOPOJOTIKAOV eSapTtdTot amd
xpmnon.

4.2 I'pappikd Tpo@oootika

[Tpokepévou va ovadelytohv To TAEOVEKTHLOTO TOV JOUKOTTIKAOV TPOPOJOTIKAV, Bo eEetacTtodv TpdTaL
O YPOUUKE TPOQOJOTIKE. Xt0 oynuo 4.2.00 @aivetal 1O OYNUATIKO OBypOpe €VOG YPOLLULKOD
TPOPOOOTIKOV. ['tor TNV MAeKTPIKn amopdveon HETa&l TG 16000V Kot TG £6000V Kat Yo TV avamtuén
otV ££060 TG emBvunTHG TEPLOYNG TAOMG, amorteiton évag petacynuotiotig 50 1 60Hz. ‘Eva transistor
GUVOELETOL GE GELPA KOl AEITOVPYEL OTNV EvEPYO TTEPLOYT).
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Yynpa 4.2.0: KukAopotiké oldypoppa ypopptkov TPoQosoTIKOD
vq it
¢ () vy range

OT -

Type 4.2.8: Ipappiké tpo@odotikd: Emioyi] Tov Aoyov petaoynpnoTiopod Tov HETACNROTIOTH £TOL AGTE N Vg min VO
givan Aiyo peyarvtepn amé v V,

Yvykpivovtog v tdon Vo pe pia tdon avagopds Vier , T0 KOKAORO EAEYYov Tov oynuatog 4.2 (a) ,
puOuilel o pedua Pdong tov transistor, dote 1 Vo(=Vy-Vce) va givar ion pe v Vorer. TO transistor oe éva
YPOUUKO TPOPOOOTIKO cuumeplpépetol oav pio puBuilduevn avtictaon. H dwapopd avéapeca otnv tdon
€16000V Kot TV emtopnt tdon e£6dov, Vy-V,, TEQTEL ETGvVe oTo transistor kot mpoKadel ATM®AEIEG TAV®D
oe oto. [ pio dedopévn meployn ac taong €1sooov twv S0 1 60 Hz, n avopbopévn kot eiktpapiopévn
€€000¢ Vq4(t) gaivetar oto oyua 4.2.. INa va gloyiotomoobvion ol ammAeleg Tov transistor, o Adyog
UETAGYNUOTIGLOD TOV UETAGYNUOTIOTEL TPEMEL VO EMAEYETOL TPOGEKTIKA, MOTE 1 TACT V{min OTO GYNLLO
4.2.2 va. gtvon peyoldtepn amd ™ Vo, 0ALE va unv v vrepPaivel Katd moAD.
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Ta tapandveo Kadvouv oavepd 600 PACTKA LEIOVEKTAUATO TOV YPULUUIKOV TPOPOSOTIKOV:

1. Amauteitor évog HETAGYNUOTIOTHS XAUNADY cuyvotiTev (60 1§ 50 HZ). Avtol ot petaoynuatiotég
€yovv peydro péyebog Kot fAPog GLYKPIVOLEVOL LE TOVG LETOCYNUOTIOTEC VYNADY GLYVOTHTMV.

2. To transistor Aertovpyei otnV gvepyd TEPLOYT TPOKOADVTUC LEYAAES OmmAELEC. O GUVIEAEGTIG
amOdO00NC TOV YPOUUUIKDOV TPOPOOOTIKAOV Kupaivetal yevikd otnv meployn 30-60%,

Ao ™) BeTiKm TAELPA, TO YPOUUIKE TPOPOOOTIKE EXOVV ATAG KUKAMLOTO KO KOTO GUVETELN TO
KOGTOG TOVC Y10, KPEG TWES 1oyvo¢ (<25W) givar younAd. Axdun, dev tpokarovv peyarec EMI otic
GAAEG CLOKEVEG,.

4.3 Awukomrtikoi perarponeic DC-DC

4.3.1 Ewcayoy

O1 petatpomneic de-dc ypnoyomolodvtat evpémg oe atabeponompuéveg dC TpoPod0Gies S10KOTTIKOD TOHTOL
Kot o€ gpappoyég de kvnmpiov cvomudtov. Ontwg eaivetar oto oyfuo 4.3, N €i00d0g aVTOV TOV
LETOTPOTEWMV gival ouyva pio pn otabeporomuévn dc taom, n omoia Aappdvetar pe avopbmon g Taomg
0V dwktvov. E&attiog tov petafordv tov mAdtovg g téong tov diktdov, 1 de tdon avéopeudvetat. Ot
dc-dc petotpomeic ypnoyomolovvTaL Yo TN HETOTPOTN TNG Un otabepomompévng dc €166d0v 6€ pio
ereyyouevn dc £€odo.

| Battery = ——— ]
[ ]
o Uncontrolled :
line voltage _|Uncontrole DC_ ‘o Filter oc DC-0C oc Load
__—(lg_ph:se ;)r Rectifier {unreguiated) |Capacitor ( nregulated) |Converter (regulated)
phase

Veontrol

Zypa 4.3 : Zootnpa petatponta DC-DC

H dc mmyn tdong oy gicodo tov petatpomémv Dewpeitar 0Tl £el undevikny eowmTePKn avtictaon. H
YN ovtn pmopel va glval €vog cuecmPELTNS. Q6TdG0, OTIG TEPIOCOTEPEG TEPUTTAOCELS, 1 £10000¢ givat
pio ac téorn dwktvov avopBopévn pe 510d0vg kot pe €va PeydAo Tukveotn eEopdAvVong, MOTE Vo EYEL
YopnAn ecmTePKn cOVOET avtiotaon Kot va Aertovpyel g mnyn dc Téong e pkpn KopaTmon.

‘Eva pikpd ¢iktpo otn Pabuida e£660v Bewpeitoan avandonacto pépog tov de-de petatpoméa. H é€odog
Bewpeitar 6TL TpoPodotel éva @optio mov pmopel vo mapactabel pe pio 1woddvoun avtictoon, OTmg
ovppaivel cuviBmg oto de dakontikd TpoPodotikd. ‘Eva @optio dc kivnthipa (n GAAN EQapuoyn avT®dV
TOV UETATPOTEMV) Umopel va mapactadel pe pio dC ton o€ oelpd pe TV avVTioTOOT Kot TV OQUTETOY®OYT
TOV TUMYUOTOG TOV KIVNTHPOL.
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4.3.2 "Elegyyog tov peratponémv DC-DC

Ytovg petatpomeig de-de, n uéon dc thon €000V mpimeL va eAEYYETAL, DOTE VO givol 6€ €va. emBLuNTo
eMimedo, aveEaptnta amd To YeYovog OTL N TAoT €600V Kol TO POPTIo evdEyeTol va. avéopetndvovtat. Ot
petatporneig dc-dc  Swokomtikod TOMOV YPNOWUOTOOVY Evav 1 TEPIOGOTEPOVS OLOKOTTEG Y10 TO
HETAOYNUOTIGHO TG dC Tdong omd Eva eninedo o€ Eva GAlo. Xe éva dc-dc petotponéa pe dedopévn téon
€16600v, N péom thom 5000V pLOuileTal EAEYYOVTOG TOVS XPOVOLG Evavong kat oféong (tonkot tofr) TV
draxomtav. o va KataoTtel povepn N apyn LETOTPOTNG SL0KOTTIKOD TOTOV, ag Oempndei Evac Pacikdg de-
dc petorponéng, OTmG owTdC Tov oyfuotog 4.3.2-a. H péon tun Vo g thong €£6dov Uy , 6T0 oynua
4.3.2-B e&aptdror omd tovg ypoévoug tonkon torr. Miow amd tig pebodovg eréyyov g péong tdong ££050v
ypnoonolel otabepn cvyvotnta petdfaocng (Kot cuvenmg otabepr| tepiodo petdfaong Ts= ton + tofr ) Ko
puOon ¢ O1dpKelog KaTd TNV omoia 0 dtaKOmTNG elvan KAEWGTOC. Xe avtr T péBodo, mov ovopdletan
petapaon pe Atopopemon Evpovg IMariumv (Pulse-Width-Modulation, PWM) petafdAiietar  oyetikn
dwbpketa aywyng (duty ratio) D= ton/Ts, mov opiletar mg 0 Adyog d1dpkelag Katd TV omoio 0 dSaKOTTNG
glval KAE16TOC TpOog TV Ttepiodo petdfaong.

H &AAn pébodog eréyyov eivar yevikdtepr. ZOUQ®VO HE OUTAV HETARAAAOVTAL, TOGO 1M GLYVOTNHTO
petdfaong (kot n mepiodog), 660 Kot 1 SAPKED KOTA TNV omoia 0 dlakomTng eivon kKAglotodg. H pébodog
avtn ypnowuonoleitor uoévo oe petorponeic dc-dc mov ypnowomorovv thyristors pe e€avaykaouévn
petéfoomn. Ot petaforég g cuyvotNTog HETAPaonS KafioTohy dVGKOAD TO PIATPAPIGHO TG KUUAT®ONG
TOV KVUATOHOPP®V TG 1600V Kat TG €£0d0V.
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Xypa 4.3.2.1-B

2m owpdpewon pe PWM pe otabepn cvyvotnta petdfaons, to onpa eAEYYov Tov SlokOmTTN, TO 0ol
eEAMEYYEL TNV KATACTOON TOL (KAEOTOG 1 avolyTdg), TOPAYETOL LE TN GUYKPLOT TOL EMTESOV TAGNG TOV
ONUOTOG EAEYYXOV Ucontrol ME MOl TEPLOOIKT] KLLATOUOPPY] 6TAHEPOD TAATOVG, OTMG POIVETOL GTO GYLLOTOL
4.3.2.2-0 kou 4.3.2.2-B. T'evikd, to onua ¢ tdong erEyyov AapPdavetal evioybovtag T0 GEAALN 1 TN
Stpopd petabh G TPAYHOTIKNG Thong Ko g embountg g tune. H ovyvomta g meplodkng
Kopatopopeng (cvvnbwg eivan mplovmtn), Kabopilel ™ cvyvoétnta petdfaonc. Xtov Eleyyo pe PWM, n
ovyvotnta ot dlatnpeital otobepn kol emiéyetar o pio mepoyf amd uepikd KHz péypt pepikéc
exatovtadeg kHz. Otav 10 evioyvpuévo onua 6EAALOTOS, TOL HETAPAAAETAL TTOAD apyd e TO XpOVO o€
oyxéon pe  ovyvotnto petdfaocng, eival HEYOADTEPO OO TNV TPLOVAOTY] KLLUTOLOPPY], TO U EAEYXOV
Tov dtakoémTn yivetan high, mpokaAdviog to KAEIOWWO TOL S1aKOTTY. AlAQOPETIKG, O OLOKOTTNG Elvat
avoryToc. ZOUQ®VO LE To oynua 4.3.2.2, 1 GYETIKN SIUPKELN Ay®YNG UTOPEL VO EKQPACTEL, (OC GLVAPTNON
NG Ucontrol KOL TOV TAGTOVG TNG TPLOVMTNG KLUOTOHOPONG Vi, LLE TN GYEOT

ton _ Vcontrol

D=-——= (1)
Ts Vst

Veontrol N

Switch

Comparator ——=control

signal
Repetitive
wavelorm

Xyipa 4.3.2.2-0 Awupépemon IMridtovg Maipod (PWM): Aertovpykd dwaypappa
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vy = Sawlooth voltage

UVeantrod
{amplified error}
s

f [ :
I | | .
0 | [ | | | 1 =t
| | | i I :
o [ | v > v
i RIS Sy u ks
On On
Switch
control
signal

Otf
|""‘°“"".|";;I"i Fveontrol < Vst
--——-—T'—-——-]
1

(switching frequency f, = T_:'

Yynpa 4.3.2.2-0. Avepdpeoon Iidatovg MMoipod (PWM): ofjpate ovykprrii

4.3.3 DC-DC Meratporniac Yropipaopod Taong

Onwc vrodniovel kat To 6voud tov, évag de-dc petatponéag vrofiBacuov tdong (step-down i bulk dc-
dc converter) mapdyet pia péon taomn e£6d0v yauniotepn and ) dc tdon 166d0v Vy. H xopla epappoyn
TOL gival o dC S10KOTTIKA TPOPOSOTIKA KO 0 ELEYYOG TNG TaYHTNTOG TV dCKIVNTPW®V.

To Baocwod xKOKA®pa tov oyfuatog 4.3.2.1-0 oamotelel évav petatponéa vroPifacuod téong yuw Eva
kaBopd oukd eoptio. Ocwpdvtog Evay 100V OaKOTTN Kot £va Kabapd opikd eoptio, n otrypoio
tdon e£600v e€aptdtor and TV Katdotaor tov dakdntn. And to oynua 4.3.2.1-B pumopel va vroAoyiotet
N péon taon €050V G GLVAPTNON TNG GYETIKNG ddpKetog aywyng D:

1 (T 1 ton Ts ton
Vo=1 o vodt = -(Jy" Vadt + [, 0dt) = T2Vy = DVa(2)

Avtikabiotovtag oty e&icwon (1) To Dand v e&icwon (2) €xovpe:

Va
Vo = V_Ucontrol = kVcontrol
st

Omnov
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Va .
k = — = ogtabepa
Vst

H V, umopel va eheyydet, petafdrroviog to ton/Ts. Mo GAAN onuavtikny mapatipnon gival 6Tt i péon
téomn €£0dov V, petafdAleTal YPOUUKG HE TNV TACT EAEYYOVL, OO OTNV TEPIMTMOON TOV YPOULUUIKOV
EVIOYLTMOV. X€ W0 TPOKTIKY EPUPUOYN, TO TPONYOVUEVO KOKA®ua €xel dvo petovektnuota: (1) Ztnv
pdaln to goptio Oo elval emoymywo. AkOun kol pe €va ®UIKO @optio, Bo vmapyel mavto Kdmolo
TOPOGITIKT OVTETAY®OYT. AVTO onuaivel 6Tt 0 d1aKOnTNG Ba TPEmel va amoppoPd (] VO KOTOVOAMVEL) TV
EVEPYELDL TOV OOONKEVETAL GTNV AVTETOY®YN KOl Yo TO AOYo owtd pmopel va kataotpagel. (2) H tdon
€€6dov kopaivetar petald 0 kot Vg, yeyovog un amodektd oTig meplocotepes epapuoyéc. To mpofinuo
™G omobnKeLUEVNG EVEPYELOG ADVETAL PE TN XPNON Lo d10d0v, OTmg Gaivetol oto oynua 4.3.3.a. Ot
SLKVUAVOELG TNG TAOMG €£000V EAATTOVOVTOL KOTE TOAD UE TN XPNOT EVOG YOUNAOTEPATOD PIATPOV, TO
omoio amotedeiton amd éva Tvio Kot Evav TLUKVETY. Xto oynua 4.3.3.5 @aiveton 1 KOUOTOHOPPN TNG
€16000V Ug Tov @iltpov (mov elvan dwo pe v tdon €£660v Tov oyfuatog 4.3.2.1-f ywpic T0 ¢iltpo).
Avt amotereiton amd Evav dc 6po Vo, TG appovikég otn cvuyvotnta petafoong fs kot otig moAlamliciég
™mg, Onwg eaivetor oto oynua 4.3.3.8 . H andkpion cvyvomtoag tov ¢idtpov, pe v ondsfeon mov
TpoKaieital and 10 opkd eoptio R, gaivetar oto oyfua 4.3.3.y. H cvuyvoémra amoxontg fe avtov tov
QIATPOV EMAEYETOL TOAD HIKPOTEPN OO Tr ovyvotnTa petdfoong, €EAAEIPOVTIOG OLGLOGTIKA TNV
Kopdtmon otn cvuyvotnta petafacng omd tnv Taon ££600v.

Oco o dwkdénng elvar kKAeoTOG, 1 610d0G TOL TYNuatog 4.3.3.00 TOADVETAL AVASTPOPA KOl 1| €£10000G
TapEYEL EVEPYELN, TOGO 0TO QOopTio, 660 kol 6to mnvio. Oco o0 dlaKkoOTTNG lval avolyTOg, TO PEVUO TOV
viov péet d1o HEGOL TG O1000V, HETAPEPOVTOS LEPOG TNG ATOONKEVUEVIC EVEPYELAG TOL GTO POPTIO.

Y10 oynuo 4.3.3.0 moapatnpeitar 611 og Eva de-dc petatponéa voPifacuod Tdons, T UEGO PEVU TOV
mviov ovTo pe TO PEGO pedpa €£000V lp, EPOGOV TO PELLO. TOV TVKVAOTH GTN HOVIUN KOTAGTOOM
1G0oppoTiaG Elvar unoév.

———
4 Low-pass
_ fiter
i 1
Be— | -
Va 7YY\ —-
+ r L
Uo.' R

1T
I + vy - - l Vo =_ Vo (load)
S B [e; -

()
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Xyqpa 4.3.3: DC-DC peroatponéog vropifacpod taong

4.3.4 DC-DC Metatponéag Avoymong Taong

Y10 oyfuo 4.3.4 diveton évog petatpoméag avoymong tdong (step-up v boost dc-dc converter). H kopia
eQapuoyn Tov givar ota dC S10KOTTIKA TPOPOSOTIKA Kot 6TV TEdN o™ dC KIvNTHPOV LLE AVAKTNON 1GYVOC.
Onwg vrodnAdvel to d6voud tov, 1 tdon e£6dov elvar mdvta peyalvtepn amd v tdon €166dov. Otav o
SKOTTNG etvan KAEoTHG, M 61000¢G ival avAGTPOPO TOAWUEVT), ATOPOVOVOVTAS £T61 TN Pabuida £6d0v.
H &icodog mapéyel evépyeia oto mnvio. Otav o drokdntng givor avorytdg, n Poabuida 660V amoppopd
evépyeln amd to Vio Kot TNV €{0000. XTN HOVIUN KOATAGTOOT 100PPOTING, O TLUKVMOTNG eEopdAvvong
Bempeitar oAV peydiog, dote va eEacpariletl pia otabepn tdon €600V Uy=V,.
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Xypa 4.3.4 DC-DC peratponiag avoymoeng Taong

4.4 Awkontikd Tpo@oooTika

Ye ovtifeon pe To YPOUUIKE, 6To SIKOTTTIKG TPOPOdoTIKG 1 petaPorn g dc tdong amd po otdbun oe
po. GAAN emituyydvetarl pe ™ ypnon de-dc petatpomémv, ot omoiot avaAvOnkay oto kepdiaio 4.3. Ta
KUKADUOTO 00TE XpNOHLOTOIovV Naymykd ototyeia (transistor, MOSFET, k.A.x) ta omoia Aettovpyovv
o¢ owKomteg, OnAadn eite KAhewotd eite avowktd. E@ocov ta otoyeio oyxbog dev yperaletar va
Aertovpyohv 6TV evePYO TEPLOYT], AVTOG O TPOTOG ArToVPYiag TPoKaAel TOAD pkpég omwietec. H avénon
™G ToLTNTOG HETAPOONG, Ol LEYOADTEPOL TEPLOPIGLOL TAGNC KOl PEVUATOC KOl TO GYETIKA YOUNAOTEPO
KOGTOC OWTAOV TOV oToyEimV glvar ot mapdyovieg mov cuVEBOANY GTNV EUEAVIOT TOV SOKOTTIKOV
TPOPOOOTIKAV.

210 oyfua 4.4.00 dlveton €va OmAOTOMUEVO AEITOVPYIKO SLAYPOLLO EVOS SLOKOTTIKOD TPOPOOOTIKOD WE
niextpikn amoudvwon. H ac taon e166d0v avopbovetar o€ po pn otabepomomuévny dc téon pe
Bonbeia twv avopbmtdv pe dodovg. [pénel va toviotel 6Tt €va pidtpo EMI ypnoipomoteiton otnyv €icodo
v TV katootodn thg EMI. H Babuida tov de-dc petatponéa petafdiiet t dc téon amod évo emninedo og
éva GAA0. AVTO emITVYYAVETOL E SLOKOTTIKN AELTOVPYiol VYNANG GLYVOTNTOC, 1 OTOio TPOPOJOTEL e ac
Tdon LVYNANG ovyvVOTNTAG TOV UETACYNUOTIOT omopovoons. H €€odoc tov devtepedoviog Tov
LETOOYNUOTIOT ovopOdveTol Kol QUATpdpeTal, ®ote vo mpokOyel 1 tdon Vo. H €Eodog tov dc
TPOPOOOTIKOV TOL oyfuatog 4.4.0 otabepomoleiton avtopata pe évav eleykty PWM, omwg ldape oto
Ke@Aioto 4.3.2 , 6TOV 0TOi0 oL TAGT EAEYXOV GUYKPIVETOL [E PO TPLOVMTH KUUATOUOPOTN LLE GLYVOTNTO
™ ovyvotrto petdPaons. H miexktpikr] amopdvoon oto Ppodyo avadpaong EMTLYYAVETOL HE £vav
UETOGYNMOTIOTH OTOUOVMOONG 1| LE OTTTIKT oLLEVE.
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METACYNUATIGTIG GNIUTOS
VYNANS cuxvoTNTOG

Tyqpa 4.4.0  Agrtovpyiko dtdypappa evog S10KOTTIKOD TPOPOIOTIKOD

Vol. rel
Feed back
o—/ —0 R'f' Vo1
dc Y\ : = (regulate
(unregulated) Filter egulated)
1
T Rect. Y
+ |

| Filter » (unregulated)

Rf‘. ‘ Vo’
Filter {unregulated)

Xyqnao 4.4. Tpo@odoTtikd pe morrég e£6000g

e ToAAEG e@appoYEg ypetdlovtor molhamAéc £E0d0t, BeTikég Kot apvnTikéG. AvAAoya LE TV €QOpLOYN,
avtég ol 6000l mpémel va givol NAEKTPIKA amopovouéves peta&d tovg. Xto oynuo 4.4.p divetor to
AEITOVPYIKO  OAypOppO  €VOC  SLOKOTMTIKOV TPOPOJOTIKOV, oT0 omoio povo 1 €€odog Vo elvan

( 1
L %0}



otafepomomuévn, evd ot dAleg ovo elval ywpic otabepomoinom. Av ypewdletar avtég ot 0vo va
otabepomomBovv, ToTE PTOPOVV VAL YPNGLULOTON OOV YPUULKA TPOPOSOTIK.

Ta 600 KOplo. TAEOVEKTNLATO TOV OUKOTTIKGOV TPOPOJOTIKMY GE GYECT UE TO YPOUUIKA givor mAEoV
epeavns. Ta mieovektipata avtd etvar:

e Ta dwokomtikd otoryeia (transistor woyvoc 1 MOSFET) Aettovpyodv mg d10kOmTEG, ONANOT OVOIKTA
N KAE0TA. ATOPEVYOVTAG TN AEITOLPYIDL GTNV EVEPYO TEPLOYN, EMLTUYYAVETOL CNUAVTIKY LEIMOT)
TOV OTOAELOV, LE OMOTEAESHLO TV avEnon ¢ arddoong oto 70-90%. EmmAiéov, éva dlakomtikod
otolyeio umopei va yewpiletonr peyahdtepeg TIHEG 10Y00G o€ oyéon Ue to transistor mov Astrtovpysl
GTI YPOLUIKT) TEPLOYN.

o  E@dcov xpnouomoteital HeTOoYNUATIOTHS ATOUOVMOOTG VYNANG CLYVOTNTOS (G€ CUYKPLON LE TOVG
UETAGYNUOTIOTEG TOV YPOUUK®OV TPOPOJOTIKAOV Tov Agttovpyovv ota 50 1 60 HZz), to péyebog kon
10 Bdpog Tovg pumopel va peiwbel onpavtikd.

‘Eva a6 to apvnTikd onpeio ToV SIKOTTIKOV TPOPOJOTIKAOV gival OTL £ivol TEPIGEOTEPO TOADTAOKN Kol
0Tl pémel va. yivouv kaT@AANAeg petpnoelg yu vo katootaiel 1 EMI, mov oesidetar otig vyiocvyveg
LETAPAGELS TOV OLUKOTTMV.

Ta TAEOVEKTAUOTO TOV OOKOTTIKOV TPOPOSOTIKMV (G€ OYEOM HE TO YPOUUIKE), OV avagépnkay
TopaTOve, ovtioTaduilovy o HEOVEKTHLOTA TOVG UEXPL Eva. oplopévo emimedo oyvoc. To eminedo avtod
peltwverat otafepd e o ¥povo, eEantiog TV TPOOI®V TG TEXVOAOYIOS TOV NLLOY®YDV.

4.5 Yyeoiaon Tov Tpo@odotikov Tov PopTioTi) TOV Mrataprov LiFePO,

4.5.1 Ewoayoy

210 TPONYOLUEVO KEPAAOLO £yve Hiol GUVOTTIKY] TOPOVGIOGT TOV YPUUUIKOV KOl TOV SOKOTTIKOV
TPoPOOOTIKAOV. 'Eyive katavontd OtL and éva eminedo 1oy00G Kol TAVE®, TA OLKOTTIKG TPOPOSOTIK(L
VIEPTEPOVV KATE TOAD TOV YPOUUUIKDOV TPOPOSOTIKOV. 't avtd T0 Ady0 B ypnotpomombei £va drakomtikd
TPOPOSOTIKO 1OC TPOPOSOTIKO TOV POPTIETN T®V uroatapldv LiFePO,.

4.5.2 Eninedo Ioyvog Tpo@odoTikov

To battery pack yia 1o omoio oyedialetar 0 OPTIOTNG amoteAeiTtol omd TéccEPa v 6e1pd kKehd LiFePO,.
JUYKEKPIUEVO, TO KEAMA Yiow Ta omoio, oyedidletal o QopTIoTC eivon teyvoloyiog nanophosphate ot
napaockevdlovror and v etanpion 4723 Systems. Ta yopakTnploTiKd Tov gv AdY® KeEM®OV cuvoyilovtol
TOPUKAT:
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| OvouaoTiki xwopnrikétnra kar réon ~ §1 2.3 Ah, 3.3V

| Eowrepikny avrioraon (1kHz AC) 1| 8 mQ typical |
| Eowrepikny avrioraon (10A, 1sDC) 1 10 mQypical |
Mporevopevn péBodog KavoVIKAG 3A to 3.6V CCCV, 45 min I
QopTIone
lMporeivéuevn uéBodog yprnyopns 10A to 3.6V CCCV, |5 min
@oprIons
| Max continuous discharge J| 70A |
| Pulse discharge at 10 sec 1| 1204 |
| Cycle life at 10C discharge, 100%DOD Il Over 1,000 cycles I
Recommended charge and cut-off V at 3.6Vto 2V
25°C
Recommended charge and cut-off V below 4.2Vto 0.5V
0°C
| Operating temperature range || -30°Cto +60°C |
| Storage temperature range 1|-50°C to +60°C |
| Core cell weight 1| 70 grams |

Onwg avalvdnke oto A’ pépog, ot pmotapieg avtod tov TOMOL Qoptilovior He TEYVIKN oTOBEPOD
pevpotoc-otadepng taong (CCCV). Onmg aivetat omd o TEYVIKA YUPOKTNPLOTIKA TOV KEMDV 00TOV, 1
Kavovikn eoption yiveron pe v texvikn CCCV ota 3A/3.6V. Avtd onuaiver 6t n @option yiveton pe
TPoPooocia otabepov pedpotog 3 A €mg 0TOL 1M ToN TOLv KEAD @Tacel ta 3.6 V. Xt0o vd perémn
GUOTNUO EXOVUE TEGCEPO €V CEPA KEAMD, ETOUEVMG 1 TPOPodoGios otafepol peduaToc veioTaTal £0G
6tov 1 tdon tov battery pack gtdoet ta:

3.6V xX4cells =14.4V

Amo exel ko peTd, M @OpTIon ocvveyilel pe Tpopodocio otabepng taone. To pedua eoOpTIoNg ONAadn
CLVEYDG LEIDVETOL £TOL MOTE Vo Olatnpeital otabepr n taon ota 14.4 V. H poption ctopatd dtav 1o
PEVLOL 1OOVIKE UNOEVIOTEL.

Emopévac, pe Pdon ta texvikd yopoktnpotikd tov keAdv LiFePO,, kot pe dedouévo éva battery pack
TEGGAPOV €V GEPA KEMDV, Oa oyediaotel éva tpopodotiké CCCV, 3 A/ 14.4V woyvoc:

P=3A4A%X14.4V =43.2 Watts

4.5.3 Emaoyn ohokinpopévov kukiopotos DC-DC petatpornéa
INo tov vad pelétn optiot) umotopudv LiFEPOsemiléyetan éva oloxAnpopévo kdxiwpo dc-dc
HeTaTPOTEN Kot cLYKekpluEva omd tnv etoupeio. Power Integrations. H emloyn éywve pe Baon to databook
TOV Kataokevaot. Me Bdorn tovg mivakeg 4.5.3.0 kot 5.4.5.3 , o1 onoiot mepiéyovtan oto databook tng
Power Integrations kot to emBountod eninedo 16y00¢ TOL VTOAOYiGTNKE 6TO KEPdAao 4.5.2, Oa emheyDel
TO KOTAAANAO 0OAOKANPOUEVO KOKA®ULA Y10, T CNTOVUEV EQAPLLOYY.
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Mivakag 4.5.3.a: Emloy) Tpoiovrog Tov KaTaokevaoti olokinpopéveov Power Integrations

AC-DC Product Selector Guide

Non-Isolated | . !
Buck/Buck-Boost | LinkSwitch-TN
Converters

Isolated Flyback 3
Main, Bias or
Standby Supply
LinkSwitch-LP, LinkSwitch, LinkSwitch-XT

PeakSwitch™
(continuous)

85-265 VAC ow 20W Lw 200w
230 VAC ow ow 60w 215w




Mivakog 4.5.3.p: Mivakoeg emloyig tpoiovrog amd ) oerpd TOPSwitch-GX

Continuous

Qutput Power

Open Frame

Product
Adapter

TOPSwitch-GXJ| 230 VAC + 15%

TOP242 P or G W 15W
TOP242 R 21W 22'W
TOP242 Y or F 10W 22'W
TOP243 P or G 13W 25W
TOP243 R 29W 43W
TOP243Y or F 20W 43W
TOP244 P or G 16W 28'W
TOP244 R MW 30w
TOP244 % or F I0W B35 W
TOP245P or G 19W I0W
TOP245 R ITW ST W
TOP245Y or F 40W 85 W
TOP246 P or G 21W 34W

TOP246 R 40°W &4 W
TOP246 Y or F 60 W 125'W
TOP24T R 42W 7OW
TOP247 Y or F 83 W 165 W
TOP248 R 43 W 7o W
TOP248 ¥ or F 105W | 205W
TOP249 R 44 W 79w
TOP249Y or F 120W | 250'W
TOP2ZS0 R 45 W 82w

TOP230 Y or F 135W | 290W

mv gvomrta 4.5.2 vroloyiomnke OTL T0 TPOEOSOTIKO TOL QOopTioTn O mpémel va €xel woyv 43.2W.
Emopévog, pe Pdorn touvg mopamdve mivakes, Bo emdeybel éva odokAnpopévo kKOKA®UO TG GEPAg
TOPSwitch-GX kot o cuykekpipéva 1o poviéro TOP246Y.

Onwg eaivetor otov mivaka 4.5.3.3, T0 GLYKEKPIUEVO OLOKANPOUEVO KOKA®LO KOADTTEL TIG OTOLTHOEL
1oYvo¢ Tov Tpoodotikov. Emiong, a&iler va onueiwbel 6t1  1oydg mov amodidel ivar dlopOPETIKN
avéloyo pe TOV TOTMO TNG €POPUOYNG OV YPNOLUOTOIEITOL XE EPUPUOYEC OOV 1 GLOKEVOGIO Elvor
avtantopog (adapter) omodider 60W evd otov 1 cvokevacio givar open frame amodider 125W. Avtd
opeikeTar oT0 Yyeyovog Ot otig open frame ocvokevaoieg vmapyovv ooHNTG KOAVTEPES GUVONKES
eEaEPIGHOY Ko YOENG GLYKPITIKE PE TIC avTioTolyeg ovokevacieg avtdmtopa. To Tpo@odotikd Ttov
@opTIoT O 6YEd0OTEL Y10l GLOKELOGIO AVTATTOPO, ETOUEVMG TO GVYKEKPIUEVO OAOKANPOUEVO KAAVTTEL
TAMNPOG TG AVAYKES 15YVOG.
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4.5.4 Xyediaon Kuokhopatog Tpo@odotikov

4.5.4.1 Boowég amartiosig oyediaocng

A@ob emAéybnke o olokAnpouévog dc-dC  pETOTPOTENS, TMPAYUATOMOIEITOL O OYESIACUOS TOV
TPOPOSOTIKOV TOV QopTIoTh TV pmatoapidv LiFEPO,. Onwc mpoavapépnke, to Tpo@odotikd o poptilet
™ uratopio pe teYVIKn otabepod pedpatog-otabepng tdong (CCCV) ota 3A/14.4 V. Avtd onpaiver OtL
0o @oprilel pe otabepd pedua 3AMps péypig 6tov to battery pack ertdoel ta 14.4Volts. And exel ko
wépa, N eopTion Ba cvveyiler pe teyvikn otabepng téong. Aniadn To pedua eOpTiong Bo LEIDVETOL
ouveYmg €10l MoTE M Thon vo mopapével otobepn oto 14.4 Volts. Eropévog, ot Pacikég amaitnoels
oyedioong Tov TpoPodotikoy givarl va tkavomolel v teyvikn CCCV kol oty €£0d0 va divel pedpa 3A
(xotd ™ Aertovpyia otabepol pevuatoc) kot tdon 14.4V (katd ) Asrtovpyia atabepng tdong).

4.5.4.2 Xy€di0.01 KUKAOROATOG

Aoy tov peydlov Pabuod oloxAnpwong mov dwbéter 1 oepd TOPSwitch-GX, moAld Oéuata mov
APOPOVYV TOV GYXEOLOOUO TOV TPOPOJOTIKOV mAVOVTOL péoa 6to 1610 to chip. Ot vdlowmeg TapAUETPOL
o)ESIAGNG TOL TPOPOSOTIKOD TKOVOTOLOVVTOL HEGH dAPOPOV GTOLYEIMV OV TANGIdVOLY To chip. A&ilet
vo, onuelmOei 6tL 660V aPopd ™ oxedIAeN TPOPOSOTIKOD HEG® TOV oAokAnpouévoy dc-dc petotpoméa
™m¢ oepdg TOPSwitch-GX, vrdpyetl évo kOkAopa Sopdpe®ong To omoio givol mapdpuoto yiow OAEG Tig
EPOPUOYEG, WOTOGO OVAAOY WE TNV EPOPLOYN KOl TIS OTOITNGELS OV VIAPYOLV, CAAALOVV Ol TIUES
OPIOUEVOV GTOLYEIOV TOL KUKAOUATOG Olapdpewonc. To kdklopo avtd mapovcstdletal 6To GYNUO
4.5.4.0.

Blocking Diode Clamp Zener y Output Capacitor Output Post Filter L, C

+ D' /
I E‘ S — =" Vo
. \ T T :
ine Sense < PRI
Resistor 4 :

¥

Bias Capacitor

C — = H
N = o| | TOPSwitch-GX 4
CONTROL E R
I e
>
s X |F 3 Feedback Circuit

f5 =132 kHz if connected as shown. External |, Resistor CONTROL Pin Capacitor
For i, = 66 kHz, connect "F" Pin to "C" Pin (optional) and Series Resistor
(f; option not available with P or G package)

PI-2038-001102

Yype 4.5.4.0: Kikhopa drupdpeoong tpopodotiked pe TOPSwitch-GX

Aol TpocdlopioTNKAY Ol GTOLTHOEL TOV GUOTHUOTOS Kol EMALXONKE TO KATOAAANAO OAOKANP®UEVO
KOKAoua de-dc petatponéa, vroloyilovtal £TETo To GTOLKEID TOV KUKADUOTOG avadpaong avtiotorya. O
VTOAOYIGUOG TOV TIUOV TOV OTOLEI®MV avAOPOoNG KOl YEVIKA T®V OTOLEI®V TOL TANICIOVOLV TOV
oAokAnpwuévo de-de petatponéa, yiveron péow tov application note tov kotookevooTy.
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Na onueiwbdet 6t1 n Aettovpyio CCCV emrvyydvetal HEG® OPIGUEVOV GTOLXEIMV TOL OTO10L GUVIEOVTOL LE
70 pin ghéyxov tov olokAnpmpévov dc-dc petatpomén. MEC® TMV GTOLEI®Y OLTOV SOUOPPAOVETUL EVL
pevpa avadpaong to omoio puOuilet v £€0do péow eréyyov PWM katd ) Asttovpyio otabepng tdong.
Kotd ™ Asrtovpyio otabepov peOIOTOS HEIDVETOL TO E6MTEPIKO OPLO PEHIOTOC.

Emopévmg, 10 KOKA®UA TOL TPo@OoS0TIKOD TOV TPOKLTTTEL TaPOoVGldleTal 6To oynfua 4.5.4.0.
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4.5.4.3 lleprypoen Kot TaSvOuNon TOV GTOLYEIMV TOV KUKA®UATOS TOV TPOPOIOTIKOV

[Topaxdtw B Tpaypatoromet pio Tapovsioon Kot TaEvOUNoN TOV GTOLXEIMY TOL TOPATAV®
KukAOpotog. [Tapdiinia yivetal Kot Tapovsiaotn TV YOpOKTNPIoTIK®OV LEYEDDY TOV KUKAMUATOC.

Ei6000c Tpo®000TIKOV

Merafin Twpn Movaoeg
ELdyiomn Tyun ac téong €166d0v | 195 \Y
Méyiotn Tiun ac téong €.60d0v | 265 V
ZuyvotnTo AIKTOOV 50 Hz
Eléyiom tyun de tdong sio6oov | 231,6 \Y
Méyiom Ty de tdong eicddov | 374,8 \Y

210010 E16000v ko Diitpo EMI

‘Ovopo Twn Movéoeg | Ileprypaen

Y10y giov

F1 1,00 A Input Fuse Rated
Current

BR1 DFO6M Atodor AvopOBwong

C2 39,0 uF Input Bulk Capacitor

L1 6,0 mH Invio e1c6060v (choke)

C1 100,0 nF IMukvotg 1-Piktpo
EMI

C6 2,20 nF IMukvotg 2-Piktpo
EMI

]
LY

' A T G
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IHMopapnsTpor Xvokevnc

Ovopo Twn Movaoeg | Meprypagn)

Yroryeiov

Ul TOP246YN Ovopa cvokevng PI

C4 0,10 uF [Tukvotg Tapdkapyng (bypass
capacitor)

R3 15,80 kQ Avrtioctaon [lepropiopon Pevpartog

R4 2,4 MQ Avrtictaon mopakolovdnong e
ypapung (line sense resistor)

R5 2,4 MQ Avrtictaon mopakolovdnong e
ypapung (line sense resistor)

Méyefog Twn Movadeg

2vvolkn| loydg EE6d0v 46,27 W

Actual Estimated Drain Voltage 587,74 \

On state Drain to Source Voltage 5,86 \

AloKomTiKY] Zuyvotnta 132000 Hz

[Toco616 cuveyohc/acuveyovg Aettovpyiog 0,93

Current Limit Reduction Factor 0,52

[Tpoypappatilopevo 6pto peduaTog 1,29 A

EMéyioto Opio pedpotog 2,51 A

Mé£y16T0 0p1o PELLLOTOG 2,89 A

Extipdpevn 1oy0g £16660v v1td pundevikd eoptio | 500 mW

Méyioto Duty Cycle 0,37

Méyiom Oepukn avtictoon cuokevng PI 29,86 °C/W

Eidoc yoktpag cvokeung Pl Custom

Aluminum
[Teproym yoéng cvokevng PI 1348 mm?
(=)



+0

F'LSE
oC
vmf:t Gﬂi\lf;ﬂl.
ge
HH
X
:
Pl-34a1.1 1060
Zroyeia Mavddimong
MeTafinti Ty Movaoeg | Hleprypagpn
D1 FR106 Atodog mpootaciog amd pedpa avtifetng
Popac
R1 24,00 kQ Avtictoon povodAmong
RC_NUM 1 ApBudg avtiotdoewv HovOaA®moNS
C3 3,300 nF [Tukvetg pavodimong
R2 5,10 Q Avrtioctoomn andcBeong Yo KOKAMLLOL
LOVOOAMONG
VCLAMP 175 \Y Méon tdon pavodimong
Estimated 1,25 w Amdleleg Katd ) pavodAmon
Clamp Loss
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Metapintéc Avvonkov IHoloesmc (Bias)

Metafinti Ty Movaoeg
Téon Bias 12,0 V
Pevua Bias 0,006 A
[Ttdomn téong dtvdov Bias 1,00 V
[Tvkvotg BIAS 1,0 uF
[TAq00¢ mepreriewv )
Ecwtepikn duapetpog 0,45 mm
KoAmdiov
Eid0g kaAmdiov Bifilar (x2)
2TPAOUOTO TOAYHOTOG 0,33
Pins évapéng Toypotoc S)
Pins teppatiopod 4
TUALYLOTOG

= Cois

PI-5825-042310

Iopauetpor Katookevnc MetooynuoTict

Méye0og Twn Movaoeg
Eidoc muprva E25/13/7 (EF25)
Yo moprva NC-2H (Nicera) or

Equivalent
Mnopumiva Generic, 5 pri. +5

Sec.
Eidog pmoumivog Vertical
Ap1Budg xpNOYLOTOOVUEVOV 5
pins 610 TPMTEVOV
Ap1OuOG xpNCYLOTOI0VEVOV 2
pins 6To OEVTEPEVOV
Enayoyn lpotevovtog 572 uH
Avoyn eTaymYNGg TPOTELOVTOC 10,0 %
OvopooTikn emoywyn 635 uH
TPOTELOVTOG

[ )



Ymoloyiopévog GuvoAKkog 44,3

apBudc mepleriemv tov

TPOTEVOVTOG

[T 0Bo¢ mepreri&emv )

OeVTEPEVOVTOC

[Mukvotnta pevduaTog 2 A/mm?
TUALYLOTOC TPWTEVOVTOG

Tdon e£6d0v 135,0 V
ITAdtog TVAlypaTOG uToumivag 15,30 mm
Kevo acpaleiog oto apiotepd | 0,00 mm
TAATOC

Kevo acpaleiog oto dekl 0,00 mm
TAATOG

[Teproym dratopung mopnva 52,50 mm?
Méyiomn mokvotnTa pong 289 mT
Peak mokvotntag porg 366 mT

E25/13/7 (EF25)

1 1 || [TT*

1440V, 5T

Pri-2, 22T
1x 0,55 mm Jx 0,45 mm T.ILWW.
2 * 6

Pri1, 237 [y —
1x 0,55 mm Bias, 5T
3 L 2x 0,45 mm

KEY
Pri-1 = Primary Winding (Section 1)
Pri-2 = Primary Winding (Section 2)
T.IW. =Triple Insulated Wire

Ipoto Tunua IHpmtevovroc Tvalynatoc

Méye0og Ty Movdoeg
[T 00o¢ mepreriewv Tpwtedovtog 23

TUALYLOTOC GTO TTPMOTO TUN O TPMTEVOVTOG

[paypotikn ecOTEPIKN OAUETPOG 0,55 mm
TPOTEVOVTOC TUALYLOTOG

[TAn00¢ mapIAANA®V GKEADY KAA®OImV Single (x1)
TPMOTELOVTOG TUAMYLOTOC

[TAn00o¢ emmédwv TpmTeEHovTog 0,85

Andreteg DC mpmtedovtoc 0,02 W
Pins évapéng yuo 1o Tp®TO TN TOV 3

TPMOTEHOVTOG TUAMYLOTOC

Pins teppatiocpod yio o Tp®OTO TUNLO TOV 2

TPWOTEVOVTOC TUALYLOTOG
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Agvtepo Tunna Ilpotevovroc Tvollynatoc

Méye0og

Ty

Movadeg

[TM0Boc¢ mepreriewv Tpwtedovtog
TUALYHOTOC GTO 0€VTEPO TUN AL
TPOTEVOVTOG

22

[Tpaypatikn e0OTEPIKN OIAUETPOG
TUMYHOTOG

0,55

mm

[TAn00¢ TapaAANA®V CKEADV
KOA®OI®V  TOAMYUOTOG

Single (x1)

[TAn00¢ emmédmv 610 dEVTEPO TUNLLAL
TOV TPMTEVOVTOG

0,81

Anoieeg DC 200 tunpoatog
TPOTEVOVTOC

0,02

Pins évapéng ywo to devtepo Tunpa
TOV TPMOTEVOVTOG TUALYLLOTOG

2

Pins teppatiopo? yia to debtepo
TUMLLOL TOV TPOTELOVTOS TUAYLLOTOG

1

"E€0060¢

‘Ovopa otoyyeiov | Tyun

Movaoeg

Heprypagn

D3 SB580

Aiodo¢ €000V

R7 27,0 Q

Avrtictaon andcPeong

C7 390

[Mukvetg andsPeong

C9 3300 x 1

[Mokvotg €660V

L2 3,30

IInvio-®iltpo

C10 100,00

[Mokvomg-diktpo

Méye0og

Ty

Movadeg

Tdon e£660v

14,40

\

Peopa EE60600

3,00

A

[Mpaypatikn taon £6d0v

14,40

\Y

Ap1Buog TepterMEemv deuTEPELOVTOC
TUALYHOTOG

5

Ecwtepicn duapetpog kalmdiov
0eVTEPEVOVTOC TUALYLLOITOG

0,45

mm

[TAN00¢ mapdAiniov cKeADY
TUALYHOTOC 6000V

Trifilar (x3)

Enineda devtepevovtog TuAlyaTOg
€EO6O0V

0,64

Andieteg de devTEPELOVTOG

0,25

——
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Pins évapéng devtepedoviog 7

TUMYUOTOG

Pins teppatiopon devtepehoviog 6

TUMYUOTOG

[Ttdon tdong 51050V TLATYHOTOG 0,85 V

e£6d0v

Peak tiun pedpotog deutepevovtog 9,72 A

RMS tiun pedpartog devutepedovtog 4,60 A

Méyiotn Bepikn avtictaon 51000V 13,74 °C/W

e£6d0v

Eidoc ymktpag 61600v 6000 Custom

Aluminum

[Teproym yHENg 51000V €650V 7150 mm?

RMS 1 pedpotog kopdtmong 3,49 A

TUKVOTY 6600V

Extipudpevog xpovog {one mukvet 68727 hr

e£6d0v

I - Yy - aVo
DO J LPF J .
E co CPF
"\ .‘\ _ SecF?Fﬂan,r
+ + * =
Pl-d331 042406 Sé

Kvuokiopa Avadpaong

Metapint Ty Movaodeg | Ileprypaon

R11 11,50 kQ Avtictaom avadpaong yio EVIoYLTY|
GOAALOTOC

R10 54,90 kQ Avrtictoomn avtioTadong

R8 422,00 Q AvTioTOoT TEPLOPIGLOL KEPOOLG

R6 6,80 Q Avtictaom oto pin EAEYYOV TG GLOKELNG
Pl

R9 1,00 kQ Avrtictoon puOuiot StokAdOwong

C1l1 68,00 nF [Tukvetg avtietdduiong

C5 47 uF [TukvoTg 0TO pin EAEYYOL TNG GUOKEVTG
Pl
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Méye0og Twn Movdoeg

Kwdwog mpoidvtog LTV817A
optocoupler avédpaong

Feedback Optocoupler 80 %
Current Minimum Transfer

Rate

OLOKANPOUEVO KOKAMLLOL TL431
pLOOT S1OKAAOWONG

Képdog avouctov Bpdyov 55,00 dB
EVIOYLTN GOAALOTOC

From Qutput
Capacitor © e
ZHF2
[ [l Gl:lt‘:?‘ :
[ v coupler:
T - CFF
=] L
CONTACL '
JH__H .
5 |:r |r
P 2 AF1
v ' -
o

Fl4zaT 480

4.5.4.4 Kataokev) petacypatiot
To NAeKTPOLOYIKO KOL TO PUNYOVOLOYIKO GYESLO TOV LETOCYNLLOTIOTT] TOV TPOPOJOTIKOV
TAPOLGLALETAL TAPUKAT:

H)\ekTtporoyuko S1aypoupo NETUGYNUUTIGTY

E25M3/T (EF25)

1 1 MTs
Pri-2, 227 1440V, 5T
1x 0,55 mm Jx 045 mm T.LW.
2 H 6
Pri-1, 23T [ —
1x 0,55 mm Bias, 5T
3 * 2x 045 mm
KEY 4

Pri-1 = Primary Winding (Section 1)
Pri-2 = Primary Winding (Section 2)
T.LW. = Triple Insulated Wire
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MnyovoloylKo OLaYPOUILY NETOGYNUUTIGTN

1 |#% Primary Winding (Section 2)
2 | 10.0.0.0.0.0.0.0.0.0.0.0.0x
B = 14,40V
—T 00 OO
4 == Bias Winding
5— 09 | |
I @OCO0CO0000C0O0C | 1R Primary Winding (section 1)
KEY
@ Mechanical start of winding (also denotes electrical phase)
=% Direction of winding (clockwise)

Core: E25/13/7 (EF25), NC-2H (Nicera) or Equivalent, gapped for ALG of
292 nH/T?

Bobbin: Generic, 5 pri. + 5 sec.

Barrier Tape: Polyester film [1 mil (25 pm) base thickness], 15,30 mm wide
Varnish

Magnet Wire: 0,55 mm, Solderable Double Coated

Magnet Wire: 0,45 mm, Solderable Double Coated

Triple Insulated Wire: 0,45 mm
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4.5.4.5 Zy£010 TAMOKETOS TOV TPOPOIOTIKOV

To 6)£010 TG TVTOUEVNC TAOKETOG TOV KUKAMUOTOG POAVETOL TOPOKAT®:

Salety Spﬂcinq

‘.-l"'-_--"‘-h\ P DTN, %
+ b [ [+] rd o Y m ] Maximize hatched copper
i areas | |77} for optimum
i heat sinking
)
HV : Oulput Rectifier
i Culput Filler Gapagitor
- Hl . :
T
. |isec
a I
TOPSwitch-GX - i
[}
5 |
f |
o 1
r |
m |
& |
TOP VIEW r !
)
i
I,
Ais ) Opto-
Heat Sink coupler || v "
I A T
L Out

PHETT4-012100

4.5.4.6 KatdAoyog VAIK®OV Y10 TV KATUGKEDT] TOV TPOPOOOTIKOV

O ovvoAKOGg KOTAAOYOG TOV DAKMV TOV OTOLTOVVTOL Y10l TV KOTAGKELT TOV TPOPOSOTIKOV TtapatifeTat
TOPOKATO:

Katarioyog Yikov

Item | MMooétnTa | Part | Value Meprypaon Mfg Mfg Part Number

# Ref

1 1 BR1 | DFO6M 600 V, 1,00 A, International DFO6M
Standard Recovery Rectifier
Bridge, DFM

2 1 C1 100 nF 100 nF, 275 VAC, Panasonic ECQ-U2A104ML
Ceramic, X Class

3 1 C2 |39uF 39 uF, 400 V, High United Chemi- | EPAG400VB39RM10X40LL
Voltage Al Electrolytic, | Con
5101 mQ, (40 mm x 10
mm)

4 1 C3 |33nF 3,3 nF, 1 kV, High NIC NCD332M1KVZ5U
Voltage Ceramic Disc | Components

Corp

5 1 C4 |0,1pF 0,1 uF, 50 V, Ceramic, | Murata RPER71H104K2P1A03B

X7R
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6 1 C5 |47uF 47 uF, 10V, United Chemi- | KME10VB47RM5X11LL
Electrolytic, Gen Con
Purpose, 1040 mQ, (11
mm X 5 mm)
7 1 C6 |22nF 2,2 nF, 250 VAC, Vishay 440LD22-R
Ceramic, Y Class
8 1 C7 | 390 pF 390 pF, 100 V, Epcos B37979N1391J000
Ceramic, X7R
9 1 C8 1 uF 1 uF, 50V, United Chemi- | EKMG500ELL1ROME11D
Electrolytic, Gen Con
Purpose, 1080 mQ, (11
mm X 5 mm)
10 1 C9 | 3300 uF 3300 uF, 35V, United Chemi- | LXZ35VB332L40LL
Electrolytic, Low ESR, | Con
16 mQ, (35 mmx 18
mm)
11 1 C10 | 100 uF 100 uF, 16 V, United Chemi- | ELXZ160ELL101MFB5D
Electrolytic, Low ESR, | Con
250 mQ, (11,5 mm x
6,3 mm)
12 1 Cl11 | 68 nF 68 nF, 50 V, Ceramic, | Murata RPER71H683K2P1A03B
X7R
13 1 D1 | FR106 800V, 1,00 A, Fast Diodes Inc. FR106
Recovery, 250 ns, DO-
41
14 1 D2 | 1N4148 75V, 0,30 A, Fast Vishay 1N4148
Recovery, 8 ns, DO-35
15 1 D3 | SB580 80V, 5,00 A, Schottky, | Vishay SB580
DO-201AD
16 1 F1 1A 250 VAC, 1 A, Radial | Littelfuse / 37411000410
TR5, Time Lag Fuse Wickmann(R)
17 1 HS1 33,7 mm x 20,0 mm. Custom
Aluminum Alloy (3003
OR 5052), 1.6 mm
thickness. Heatsink for
use with Device U1.
18 1 HS2 178,8 mm x 20,0 mm. Custom
Aluminum Alloy (3003
OR 5052), 1.6 mm
thickness. Heatsink for
use with Diode D3.
19 1 L1 6 mH 6mH, 16 A Panasonic ELF18N016
20 1 L2 3,3 uH 33uH,55A JW Miller RL622-3R3K-RC
21 1 R1 24 kQ 24kQ,5%,2 W, Generic
Metal Oxide
22 1 R2 5,1Q 5,1 Q,5%,0,25W, Generic
Carbon Film
23 1 R3 15,8 kQ 15,8 kQ, 1 %, 0,125 W, | Generic
Metal Film
24 2 R4, | 2,4 MQ 2,4MQ, 5%, 0,25 W, | Generic
R5 Carbon Film
25 1 R6 6,8 Q 6,8 €Q,5%,0,125W, Generic
Carbon Film
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26

R7

27 Q

27Q,5%,0,25W,
Carbon Film

Generic

27

R8

422 Q

422 Q. 1%,0,125 W,
Metal Film

Generic

28

R9

1 kQ

1kQ,5%,0,125W,
Carbon Film

Generic

29

R10

54,9 kQ

54,9kQ, 1 %, 0,125 W,
Metal Film

Generic

30

R11

11,5 kQ

11,5kQ, 1%, 0,125 W,
Metal Film

Generic

31

T1

E25/13/7
(EF25)

NC-2H (Nicera) or
Equivalent Core
Material

See Transformer
Construction’s
Materials List for
complete information

Epcos

B66317-G-X127

32

Ul

TOP246YN

TOPSwitch-GX,
TOP246YN, TO-220

Power
Integrations

TOP246YN

33

U2

LTV817A

Optocoupler
LTV817A,35V, CTR
80 - 160 %, 4-DIP

Liteon

LTV817A

34

U3

TL431

2,495V, Shunt
Regulator IC, 2 %, TO-
92

ON
Semiconductor

TL431

4.5.4.7 Tdvoynm

211 Topamdve Topoypdeovg g evotntog 4.5.4 TopovcsliacTNKOY OA0 TA GTOLXElD TG oYediooNS TOV

TPOPOSOTIKOL TOL PopTIoTn €vOg battery pack to omoio amoteAeiton and 4 ev cepd ke LiFePO,. To
TPOPOJOTIKO avtd £xet 1oy 43.2 W ko Aertovpyel pe v teyvikr) CCCV. H ¢£060¢ tov givon 3A/ 14.4 V.
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KEDAAAIO 5° : KbkAouo Amopudvoong
¢ Taonc tov Kabe KeAlov

5.1 Ewoayoy

270 TETOPTO KEQAAOLO TTPOYLLOTOTOONKE O GYESUGUAC TOL TPOPOJOTIKOV TOL (POPTICTH UTATOPIDV
LiFePO,. ITio cvykekpipéva, 0 opTioTng avtog oxedialeton yio T @option evog battery pack to onoio
amoteAeitan amd TE6oEPO €V GEIPA KEMA (4S1p).

Qo1000, KOTA TN JIIPKELD TNG POPTIONG EAEYXETOL KAOE GTIYUN M TAGT TOL KAOE KEMOV, €161 OOTE Vo
eCacpariletor n opoAdTTa TG EOpTIonG. AvdAoyo pe TV TN TG TAONS TOL KABE KEAOD, O
CEYKEPAAOG» TOL POPTIOTY), O OMOi0g €lvar &vag UIKPOEAEYKTNG, KoBopilel TIg evEpyeEleg OV TTPEMEL VoL
yivouv, 6mmg Ba TaPOVGLOCTEL GE EMOUEVO KEQAAMLOL.

To mpoPfAinua mov mpokdrTet ivorl 0Tt 0 pKpogAeyKThg mov Oa ypnoipomomBel (Arduino Mega), aldd Kot
N TAELOYN QIO TOV UIKPOEAEYKTMV KOl HMKPOETEEEPYACTMY TOV LVILAPYOLV, dEYETOL TAGELS HeTaEy 0 Kot 5
V. Onwg mopovstdotnke 610 kePdialo 3, n tdon evog keaov LiFePO, maipver tipég péypt 3.6 V. X10
battery pack mov 0a @opriletal, vdpyovv T€coepa TETOWN KEAA GLUVOESEUEVE GE GEIPE. AVTO onpaivel 0T
T SUVOIKA TOL KABE KEAMOD € KATATTOOT TANPOLS POPTIONG EYOVV MG EENG:

KeM 1: 0V-3.6V
KeAl 2: 3.6V-7.2V
Keii 3: 7.2V-10.8V
KeAi 4: 10.8V-14.4V

210 oynua S.1.0 TepovcstalovTol GYNUOTIKA TO TOPUTAVE®:

Kehi 1 Kehi 2 Kehi 3 Kehi 4

ov ‘ 3.6V ‘ 7.2v ‘ 10.8V ‘ 14.4V

e

Iype 5.1.a: Ev oeipd ocvetoryio te66dpov aMipos popticpuivov kehov LiFePO,

O pkpoenegepyaotig Kabe opd d€xeTan To dSuVapIKO EvOE NAEKTPOdiov Kat 1) Tdon Tov dtaPdlet eivar To
duvapukd avtod peiov to undév. Emopévmg, Hetd 1o mpdto KeM ot cvototyic, OAo To vTdAouTa KeAd, Oa
Eemepvouv To Op1o Thong TV SV, apov To SUVOUIKE GTa AKPO TOVG Bl EYOVV PEYOADTEPEG TIUEC.
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Enopévmg, dev yivetar o pikpoeleyKtng va deytel auecsa v téomn Tov kdbe keAlo0 kabmg Hévo 1o TpdTo
KeAl covomotet Ta OplaL TAon S 6TV €10000 TOL.

H Aon o10 mapandve Tpdfinua eivor vo Aapdvetot  tdor tov Kdbe KeEA0U U avapopd TO UNOEVIKO
Svvopikd (0V). AnAadn vo amopoveVETal 1) TAon Tov Kabe KeEA00, cav vo, unv ftov EPoS piog
ovoTtoyiog, OAAL HLOVO Tov.

5.2 Xyedlaon KUKAONATOS OTOROVMONS TAONS

5.2.1 Ewayoy

[Ipokepévov va amopovmBel 1 taon tov KAbe Kehov, Ba oyedlactel €vo KOKAUA, 1 Asttovpyio TOL
omoiov Paciletar 6ToVG TEAECTIKOVS EVIGYLTEG (0PAMP) Kot GUYKEKPIUEVA GTI GLUVOEGHOAOYIN EVIGYLTY
SlpopmVv.

H £€E000¢ evOg evioyun dl0popdV TOPEYEL TN JAPOPA TOV CNUATOV E1GOO®MV TOV, e KAmola vioyvon.
"Evag evioyutg dapopdv e dVo 16606006 divetan 610 oynua 5.2.1.a. Q¢ £{6000 GTOV EVIGYLTH WTOPOVUE
va &yovpe gite DC eite AC onua. To dvvapkd oto onueio 4 givar ico 10 dvvapkd oto onueio B kot
EMOUEVMG 1GYVOVV O1 TOPUKATWO GYEGELG.

. u, —u,
l,=

R +R,
.U,
lg =

R, +R,

(5.2.1.1)

Ta duvapikd ota onpeia 4 kol B givon mepimov ioo evioyv T Kot ETOUEVOS Ba £Y0VE TIG TAPOKATM
GYEGELS.
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Ry + R, (5.2.1.2)

E&iomvovrtog ta duvapuka ota onpeia 4 ko B pe Bdon ) oxéon 5.2.1.1 woydet yuo ) tdom e£6d0v Tov
EVIOYLTN SLLPOPDV:

R
v &
u, =—=( Loy —u,
Rl 1 + &
R, (5.2.1.3)
R3 Rq
Kot 6TV €W01KN TEPIMT®MOT 6oL —— — —— ,T10T¢ 1) Téomn €600V givar 1 eVicyLpéVn dlapopd TV 600
4 2
TOCE®V !
R
uo = —2(M2 _ul)
! (5.2.1.4)

Ewwd ov R1=R2=R3=R; , t6te 1 o¢éom 5.2.1.4 yiverau:

Uy = Uy — Uy

5.2.2 Lyediaon KuKAOROTOS

Enopévmg, mapaiinio pe kdbe ke, Bo cuvoebel éva KOKA®UO TEAEGTIKOD EVIOYLTH GE GUVOEGHOAOYI
EVIOYLTN JPOPBV, OIS Qaivetal otnv ewova 5.2.1.a. Q¢ Uz Ba ypnoworomBel n tdon Tov Oetikon
NAEKTPOSIOL KOl ®G Uy M Téom Tov apvnTiKoL MAektpodov. H tdon tov kehMov mov Oo umaivel otov
pikpoeneEepyaotn Ba AapPavetor and v €000 TOL KUKAMUATOS, ONAAOT TN Uo.

Ot Tyiég tov avtiotdoewv Ri, Ry, R3, Ry tpémetl va éxovv peydin T €161 dGTE vo unv mepvdiet peydlo
pevO. 6TOV HkpoeneEepyaotn aALd Kot Yo va eEac@oMotel 0Tt dev Bo VITAPYEL CNUOVTIKY KATOVAAWDGN
™M xopnNTIKOTTAS ToL KeAMov. Emopévog m ) tov avtictdoswv o givar mepimov 470k Q. Xe
mpocopoiwon mov mpaypotomomnke oto Aoyicpkd PSPICE, emainBedtnke m Asttovpyio TOL
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KUKADOMOTOG Yo pio protapio mov omoteleiton amd 2 keld tong 3.2 V kar 3.6 V. v eikéva 5.2.3
eatvetor ) d1dtacn mov ypNoLoTOONKE:

R2 .
Wy Ay Lo N
470K 470k — -
==
LM741 b —
-0
L vz
—_ 36
—
RE RE
Aty
470K 4TOK
Lh7 a1 =
L va
T 32

Ra R7
. My
470k 470k i
0

Ewova 5.2.p: Tlpocopoimen amopovoti) Taong Yo pio pratopio 2 KeEM®V

3TV

36V

3.8V

34V

3.3V

32v

0. 0.6us
V(R2:2,0) & V{U2:0UT,0)

Tpaonpo 5.2.y: Amoteréopata TPOGONOIMOG
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Enopévmg, péom g mpocopoimong emainbevnke 1n Agttovpyios TOL KUKAGOUOTOS KOl HEGH OOKIUMV
dwmotonke 0tL N TWEG TV ovTloTdoewv Oa mhpovv v Ty Tov 470kQ. T avty ™mv T TeV
OVTICTACE®V, TO KUKAMUO AEITOVPYEL KAVOVIKE, EVD 1 KATOVOA®ON pELUOTOG omd TS pmatopieg givan
eldyotn. [To ocvykekpipéva, ot aviiotdoelc mov Bo emaeyBovv Ba Eyovv avoyn 1% kabmg 1 axpifeta
nailel peyddio polo ot pHETPNOTN TG TAONS TOV KAOE KEAMOV.

No tovioTel emiong 0Tl 01 TEAEOTIKOL EVIOYVTES TOV KUKAMUOTOG aVTOD TPoPodotovvtat amd pio dc anyn
9V. Avt 1 tpo@odocia yivetor amd Eva SOKOTTIKO TPOPOJOTIKO, 1| AETTOUEPEIEG TNG OXEOIOONG TOV
0moiov Tapovctalovtol 6To TEL0G TG Tapovoos Sumdopatikig ((TAPAPTHMA, ce). 142).

To 1ehid 6Y£d10 TOL KVKAGNOTOC Tapovstaletal oty ekdva 5.2.9.
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KeAi 1

47T0k0Q

Vo1

470k0

470k

l“—

KeAi 2 —
3=

KeAi 3 —
4

Vo2

4T0KkQ

4700

KeAi 4 —

Vo3

4700

4T0KQ

470k0

||i—

47T0k0Q

Vv
NV

470k ’

Ewéva 5.2.0: Xy£0610 KUKAOPATOS 0TOpNoveong Tdong ka0e kKeLov

86

——
| —



5.2.3 Xyediaon mAokéTag

Ev ovveyeio, pe 1o mpdypappa oxediaong PCB, EAGLE, oyedidotmke m TAOKETO TOL TOPATAV®D
KukAopoatog. H mhaxéta owbéter mévie €16000v¢ kat €61 €£000VC. XTI TEVTE €16000VG EIGEPYOVTAL TA
duvapkd Tov NAeKTpodinv tov kdbe kehov. Ztnv £€£0d0 Pyaivouv ot thoelg kdbe keAOD pe avapopd To
undév evd oto €KTo PIN GLVOEETAL 1 TPOPOJOGin, TV TEAESTIKOV evioyvt®v. Emiong, oto CD mov
OULVOOEVEL TN SIMAMUATIKY], VILAPYOLV T0. apyeio oyediaonc (dvoua apyeiov: “PCB_apomonosi™)

L

46¢

5.3 OLokANpoUuEVo KUKAMUO Y10, HETPNOT TAONS TOL KAOE KEALOV

2mv evomTa 5.2 TopoucldoTNKE £vol KUKAMUO LECH TOL OTOIOL O HUKPOETEEEPYOTTNG OEXETAL TV TAGT
oV KdOe KeEMOV pe ovapopd To UNdév. Qo1dc0, T0 KUKAMUA aVTO EVOEYETAL VO UNV TAPOLGLALEL TNV
axpifea kKo v aglomaotio Tov amotteitol. AvTd pmopet va yivel AOYm TV avoy®V Tov Tapovcstalovy ot
OVTIGTACELG OAAGL KO TV [N WO0VIK®V TEAEGTIKADV EVICYVTMV.

I't avt6 10 AOYO B TAPOVGLOGTEL GLVOTTIKA £VOL OAOKANPOUEVO KUKAML TO 0Toi0 ypnotponoteitot and
noALd Battery Management Systems tov epmopiov yia T péTpnomn g tdong TV kehmv gvog battery
pack. To 1610 oAokAnpouévo KOKA®UO S100£TEL Ko AELTovpYio 1606TAOUIONG TG TAONG TOV KEAMMDV, M
omoio. O avaivbel ce emduevo KeQAAN0, OALE KOl TPOCTOCIO OO VWEPTOGELS Kol VLIEPPOCT NG
Oepuoxpaciag tov battery pack. To cuykekpiévo oOAOKANPOUEVO KOKA®UE amoTeAel pio £Toun Adon yia
™ pétpnon g téong kébe kel Eexmplotd Kot To SEGOUEVA TOV GLAAEYOVTAL GTN LVIIUT] TOV, UTOPOVV
va petopepfodv oTov HIKPoENEEEPYUOTH] TOV QOPTIOTH OOV Od €KEl KOl TEPA YIVOVTOL Ol amapaiTnTEG
KdOe popd S1a01KuGIES.

To oloxAnpopévo KOKAmua avtd Kataokevdletal amd v etoupio Linear Technology kot cvykekpiuéva
elvar 1o LTC6802. Ztnv ekdva 5.3.a paiveror to pmiok didypappa tov LTC6802.

( 1
L &}



7]

'

REGULATOR

WATCHDOG
TIMER

12, RESULTS
MUK AY A/D CONVERTER r REGISTER
AND
COMMUMNICATIONS
REFERENCE
CONTROL

DIE
TEMP

EBOZZ BD

Ewévo 5.3.0: Mmhok dwaypoppa Tov LTC6802

Eniong, uéoa amno to datasheet tov LTC6802 avadeikvoetal Kot 0 TpOTOC GUVIEGNG TOV OAOKANPOUEVOL
ue kabe éva kel tov battery pack. Evésiktikd, oty ewcdva 5.3.8 @aivetor n ovvdeon gvog battery pack
EPTA KEMDV.
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NEXT HIGHER GROUP OF 7 CELLS
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LTC6802-2

NEXT LOWER GROUP OF 7 CELLS

Ewoéva 5.3.p: Zovoeon protapiog @t ke oto LTC6802

6BO22 FOS

2V TEPIMTMOOT TOV TEGGAPMOV KEAMV, 1 cOVOEST ivar avtioToyym.
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5.4 Xovoyn

210 TEUNTO KEPAAOO avadeiyOnke Eva TpoPAna Tov avipeTomiletol Katd Tt dtadikacio TG LETPNONG
g téong Tov kdbe keAov amd €vav pkpoenefepyaot. To mpoPAnpa ovtd €ykertoar 610 OTL O
pikpoenelepyaotig umopet va deytel oty 16006 T0oL TdoElC mg SV. Av kot KaOe keAl Eexymplotd Exet
tdon pkpdtepn and SV, 6tav 10 keAl avtd gival uépog piog ev GEPA GLGTOLYI0G TOAADY KEAMDV, TOTE
glvol ToAD mBavo, tor SVVOUIKG oTa dKpPa TOV Vo EETEPVOLY KATA TOAD TO 0p1o tov SV (oynua S.1.a).
Enopévmg, n tdon mov Ba dwapdoetl o pukpoeneCepyastng (Guvako peiov undév), pmopet va TpokarEcel
BAGPN M Kol KaTaoTpOPn G€ ALTOV.

[t o160 T0 AOYO, TOPOVCIACTNKE £VOC TPOTOG HE TOV Omoio M tdorn kdbe kelod Ba Aaupdveton pe
avaeopd To UNdeVIKO duvoutkd. AnAaon o pikpoenesepyaotie 0o «BAémeyy kabe keAl cav va nTav HoOvo
OV Kot Oyt HEPOS oG ev oelpd cvototyiog. To KiKAwpa mov vAomolel avtn ™ okéyn amoteleitar amd
évav TEAECTIKO EVIGYVLTN GE GLVOEGHOAOYIOL EVICYLTH JPOPDOV HE KEPDOG TN Hovada. AnAadn to
duvapukd Tov Kabe kKeEAMo agalpodvtar peta&h Tovg Kt £To1 HEVEL OVGLACTIKA 1) TAGT TOL KEAOD ¢ TPOG
10 Undevikd duvapukod. Ev ovveyeio, mapovoidotnke 10 KOKA®UO 0AAG Kot TO GYES0 TNG TUTOUEVNG
TAOKETOS OVTOV TOL KUKAMLOTOG.

TéNog, Yoo TNV TANPOTNTO TNG PEAETNG, TOPOVGLAGTNKE EVA OAOKANPOUEVO KUKA®UO TOV EUTOPIOV TO
07010 YPNGIUOTOLEITAL KATA KOPOV GE GLOTOYIEG UTATAPLDOV NAEKTPIKAOV AVTOKIVITOV Kol Oyt Lévo. Avtd
10 oAOKANpopEVO KOKA®Ua, To LTC6802, mapéyet pia mAn0dpa Aertovpyidv copmeptlopnovopuévng g
pétpnong g téong tov Kabe keiov. Emiong vmdpyer m dvvardotnra cdvoeong tov pe eEmtepikd
pikpoeneEepyaoty| o onoiog pnopet va dtafdcet To dedopéva mov kataypdest o LTC6802.

21 cuvéXEW TNG OIMAMUATIKNG 0GTOCO, Ba ypnotpomomBel 10 KOKA®UO LE TOVG TEAEGTIKOVG EVIGYVTEC,
OV GYEOIAGTNKE KOl TPOCOUOIOONKE yioL TNV €QOproy Tov eoptiot urotopidv LiFePO,, kabohg to
LTC6802 d100étel Aettovpyieg mov Ba avarivBouvv EexwploTd g ETOUEVES EVOTNTEG
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KEDAAAIO 6° : IoootaOuion KeMov evoc
Battery Pack

6.1 Evcayoyn

Ot pmatapieg Ioviov ABiov (Li-lon), Abiov IToAvuepdv (LIPO) kor ABiov Iron Phosphate (LiFePO,)
dev yivetan va vTocToHV LILEPPOPTIOT YWPIG VU TPOKANOEL KOTAGTPOPT TOV EVEPYMY LAIKGOV Tove. H tdon
katdppevong (break down voltage) tov nAektpoldTn givarl TPOANTTIKG KOVIQ OTNV TEPUATIKY ThOoN
TANPOVG POPTIONG, YEVIKA 67O g0pog amd 4.1 £wc 4.3 Volts yw tig Li-ion kot LIPO ko 3.6-3.8 Volts ya
11 LiFePO,. Enopévag oe kabe battery pack mpémet va vdpyel mpooektikn mopakorovOnon Kot EAeyy0C
€161 MOTE KAVEVA KEA VO UMV OMOKTHGEL TAOT AVO TOV EMTPEMOUEVAOV 0PIV AOY® VIEPPOPTIONG.

Kabe keM pog pmatapiog ABiov  amortel emifreyrn €161 @ote M TAom TOL Vo punv vrepPel To
mpokabopicpéva Opla Tov B€tel n ynuikn Tov cvotacn. Ta ev oelpd cuvdedepéva kKol ynueiag WOvtwv
MBiov mapovoidlovy éva mo mToAOvTAOKO TPOPANUa: 0Tl KGBe KeAl ™G cuoTtoyiog mpémel va emPAEnETOL
Ko vo, eAEéyyetat. Av kot 1 téon tov battery pack evoéyetar va Bpioketol oto emitpentd Opia, Eva KeM TG
ev oelpd cuvdedeévng cvuototyiag umopel vo el TAoM 1 Omoio Vo 0dNYNOEL GE KATAGTPOON TOV. AVTO
0PelAETON GTIC OVOLLOLOLOPPIES TTOV LILAPYOVV AVAUESH GTO O1APOPOL KEALA.

Ot pmatapieg poAvBdov O&Eog (Lead-Acid) pmopovv va Bpebovv 6e KaTdoTaon VIEPPOPTIONS YWPIS Vo
npokAnOel poviun {nud ota keAd g Avtd oesihetor 610 Yeyovdg OTL 1 €mMAEOV gvEPYELN
anmelevBepdvetor pécm Ekivong aepiov. Avtdg o punyavicpdsg éklvong etvar Kot 1 euotkr péEBodog yiao
mv eElooppdmmon piag ev oelpd cLVOEdEUEVNG GuoToyiog KEMAOV [og pmatapiog poAvfoov o&oc.
Mmatapiec S0QOPETIKAG YNUIKAG ovotacng, Ommg ot Nikediov- Yopdiov Metdiiov (NiMH)
TOPOVGIALOVY TOPOUOIOVE UNYOVIGLOVG EE1I00PPOTNONG LETAED TV KEAMMV.

Kobog pia pratapio ABiov dev yivetar va vrep@optiotel, O&v LIAPYEL PLGIKOG UNYAVICUOS Yol TNV
eElowon/egiooppomnon tov keMdv . Emopévmg npénet va epappootel pia evoriaktikn pébodog. Tpelg
Katnyopieg pneBoddwv e€looppdmmong keMdv  gival: ot pébodol @optiong (charging methods), ot
evepyntikég uéBodor (active methods) ko o1 mabntikéc pébodot (passive methods).

H 1cootdfuion tov kehov elvar arapaitnm yio  gpappoyés pnatapiov Abiov 6mov mapovoidlovral
avénuéva petafotikd eovopeva, €101Kd o €Qapuoyég Omov cvppaivel cuyvr @oOption, 0T Yo
TapAdElypo 1 avayevvnTikny méonon oto miektpikd (EV) kar ota vBpudwd avtoxivinita (HEV). H
AVOYEVVITIKY TEOMOT Umopel va mpokoAécel mpoPAnuota otig pmotapies [oviov Aiov  kabog to
OTIYULOIO PEVUOL TNG OVOLYEVVITIKTG TEINONG UTOPEL VO AVENGEL amOTOUN TNV TAOT, TOAVAS TEPIGSOTEPO
amo TV TéoT OAGTACTG TOL NAEKTPOAVTY).

Al0(QOpPOTOMGELS GTN GLUTEPLPOPA TOV KAOE KeEAOD YeEVIKA cvupfaivouv Adym dV0 Kupiwg Qotvopévev:
aAAOYEG TNG ECMTEPIKNG AVTIGTOONG TOV KEALOD 1] HEI®ON TNG YWPNTIKOTNTAS TOL KEMOV AdY® YIPOVOTG.
Y kabe mepintwon, av évo ke o€ éva battery pack mapovoidcet diapoporoinpuévn cupmeptpopd, TOTE T0
KeM auTd TOaVAOC v EEMEPACEL TA EMTPENTA OPLAL TACNG KATA T OLAPKELD POPTIGEDMV LYNAOD PEVIATOC.
KelMd pe peiopévn yopntkdtto 1 He LVYNA] €0®TEPIKN avtioTaon £xovv ovvinbmg avENUEVES
TAAOVTEVGELS OTNV TAGCT] TOVS KOTA TN POPTIOTN KOl TV EK-QOPTION. ZE EPUPUOYES VPPIOIK®V NAEKTPIKAOV
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avtokwvitewv (HEV) eivar anopaitntn n wootdbuion tov pratapiov Adiov Aoyw g mboavotntog vo
TOPOVGLACTEL TAGT VM TOV ETTPETTAOV YNUIKAOV OplmV TNG UToTapiog.

e e@apuroYEC NAEKTPIK®OV avtokvitev (EV), etvan emBountd n woootdbuion tov keMdv va eEacparicst
™ MEYIOTN YPNOWOTOM oI Yopntikotto amd to battery pack. Kot t @dption, éva un
oootabuiopévo keAl etvan mbovo vo Tpoceyyicel TpoO®pPa TNV TACT TEPUATICUOD NG POPTIONG KOl Vi
TPOKOAESEL TEpUATIONO TNG EOpTiong. H 1oootdbuion tov kelmv sivor yprioyo va ehéyyel to Keld
VYNANG POPTIONG HEYPIS OTOL TOL VITOAOUTO, KEAMA UTOPECOLV VAL PTACOLV OTA 1010, EMimEd O POpTIoNG. Me
avTdV TOV TPOTO, O QPOPTICTNG Ogv TePUOTI(EL TN Agttovpyiol TOv, pEYPL OAo TO. KEAD VO OTACOVV
TaVTOYXPOVA TNV TACT TEPUATIGLOV POpTIon Kat To 100% tng oOpTIoNS TOLG.

6.2 M€0000¢ 10ooTAONIONS KOTE TOV TEPUATIGUO TS POPTIONS

6.2.1 Ewcayoyn

Tomikd, ot pébodot 1wootdbone ot onoieg epapuolovior Katd TN SdpKel Kot KATd T OlKOT NG
QOpTIONG £lval YPNGLES LOVO Y10 EPUPLOYEG NAEKTPIK®OV OyNUdT®V. Avtd cupfaivel emedn ol pmotapieg
TOV NAEKTPIKOV OYNUdtomv yevikd @optilovtolr TANpwg o€ kdbe @option Tov oyfuatog (Hetald wdbe
KOKAOL xpnong). Ot pratapieg TV VEPOKOV NAEKTPIKOV OYNUAT®V dev gival Giyovpo OTL dlatnpovvTal
TAMPWOG POPTIGUEVECS, YEYOVOG TTOL 00NYEl 6€ AnPOPAENTEG KATAGTACELS SLOUKOTNG POPTIGNC.

Ot pratapieg vPpOWKOV oynuatOV amoutodv  emiong dvvOTOTNTES POPTIONG KOl EK-QOPTIONG LYNAOD
pevpatog. [t avtd o Ady0, o1 pratapiec owtég cLVNOMG drTNPOVVTOL GE EMIMED POPTIONG TO OMOi0 VO
EMTPEMEL TNV OTOUTOVUEV EK-QOPTION AALG va el emiong mepBdplo vo deytel TV amapaitntn evépyeio
(pebpa) amd v avoryevvntikny Tédnon.

6.2.2 Ilapaxopyn @opTIoNg

H pébodoc 1cootdfpiong pécm mapoKAUyE®V, TOPOKAUTTEL EMAEKTIKA TO PEVLO POPTIONG OO TO KEAMA
ta omota etvon TANPS opTicpéva. Avtiy n uéBodog Tapovstaletl T LEYAADTEPT OTOO0CT| GE GUGTILLOTO.
pe yvootd pgopota eoptions. H avtioctaon R €xel t€toa Tiun dote va dapedyel to pedpa eoptiong |
Otav 10 KeEM QThoEL TV Téom TANPOoLS POPTIoNG. AV TO pevua POpTiong pelwbel, tote n avtictaon R Ha
ek-poprtioel to cell 1o omoio éyel mapaxapedei. T vo amopevybodv ot vaepPoAikd peYAAeG UIKEG
anoAele, N HEB0SOG avTN ypnoipomoteital Kupimg amd OPTIGTES PUOTIKOD PEOUOTOS UE UIKPT TN
PEVLLLOTOG TPOG TO TEAOG TNG POPTIONG.

Ewéva 6.2.2.0: ITopaxapyn @épTiong
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Ta petovekmuota avtfg g Heboddov eival 1 avaykn Yo avTIoTACELS LEYOANG 10YDOC, 01 SIOKOTTES 10YVOG
Kot 1 araitnon dwyeiptong Beppokpacioc. H pébodog avtn eivar 1dovikn| ylo. GLGTHLLOTA TOL OTTOT0L
@opTilovTon GUYVA PE KPEG TILEG PEVIATOC.

6.3 M£0ooor evepyNTIKNG 16006TAONLONC

6.3.1 Ewcayoyi

Ot evepyntikég péBodot 1oootdbpiong Pacifoviar otn HeTaPopd TG evEPYELNG omd To éva ke oTo dALO.
Ta otoyeio To omoio TPAYUATOTOOVV QLT TN UETOPOPA EAEYYOVTAL gite avaroykd eite ymelaxd. Ot
dV0 KLPLOTEPES KaTNYOpieg TV evepyNTIK®V HeBdd®V 1600TdOUIoNG £lvan | 1EB0JOG LeTaPOPES POPTIOTG
Kot 1 LEB0O0G LETATPOTNG EVEPYELNG.

6.3.2 M£0000¢ petapopag eopTiong

O unyaviopdg wootdduions pécm petapopds g @Optiong amoteleitar amd £va otoyeio 10 omoio
agaipel option and éva emAeypévo ke, amofniedel avt T EOPTICN KOl EMELTOL TN UETAPEPEL GE EvaL
dAlo keM. Ymapyovv d1dpopeg vVAOTOMGELS TG TS HeBOdoV Kot 1 o a&toonueimtn gival ot ToL
«flying capacitor». H viomoinon avt mapovcialetol oty eikova 6.3.2.a.

|Control| YJL_{%T

AN N
s, L (s S, __\8i
SIS
B, B, B, B,

Ewova 6.3.2.0: Mé00d0g 16octaOpmions péowm flying capacitor

To khkhopa eréyyov xieivel Tovg KatdAANAovg dtokOmTeg Yo va eopticel tov mukvet| C pécm tov
keAo0 Bi. Mol goptiotel o mukvetig C, ot dakonteg avoiyovv. ‘Emetta, ot dtakonteg KAeivouv pe
T€T010 TPOTO MoTE Vo cuvdebel 0 Tukveotg C pe to kel By, O mukveotg 101e petapépel poption oto B)
pe PBdaomn 1t dapopd g tdong petabd tov keMav By kot By, H elowon 3.3.2.1 deiyver ™ mosotTal
@OPTIONG TOV HETOPEPETAL.

Charge = ~CVE —~CVE, (63.2.1)

O mukve g émerta cuvogeTal, aKoAoLODVTAG TNV 110 dadikacia, pe Ta keEMA Bs, Ba,... By Ta keld pe
™V VYNAOTEPN POpTIoT Ba Popticovy Tov mukvmth C Kot ta keM pe T yopuniotepn eoption Ba dextodv
@option amd tov C. Me avtdv Tov TpOTo, 1] POPTION TOV KEAIDV LLE VYNAT (OPTIOT SIOVEUETOL GTO KEALL
pe younAn eoption. O péVog NAEKTPOVIKOG EAEYXOG TOV AOLTEITOL Y10 TV VAOTOINOT vt TS Lebddov
elvan évag adlyopBpog o omoiog avoiyetl Kot KAEIVEL TOVG KATAAANAOVG OLOKOTTES.
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H ovykexpipévn pébodog 1cootabpiong omantel Eva peydio apBpd dokontikdv ototyeiov (N+5) ta omoia
elvar mpodwayeypoppéva yio to péyioto peopa eoptions tov C. IMa éva 1dovikd cuotnua pe moAd peydleg
avouUolopop@Piec oty taon tov kemav (Bn=3.0V, Bn=4.0V), n nébodog tov flying capacitor o propovoe
vo. toootabuicel avtd to keMd pe éva pvbuo 1 Ahr avéd 1000pF yopntikdtntog , HE OSLOKOTTIKY
ovyvomrta 1kHz wor pe péon tyun pedvpotog 1A, Oco peyaAdtepoc &€ival O TUKVOTAG TOL
YPNOOTOIEITAL, TOGO TEPIGGOTEPOC YPOVOG amatteitar yia va petopepdet n {ntovpevn @option. ‘Eva
ueydo battery pack (100 Ahr) 6o ypeialdtav pio. cuokeL 1606TAOUIONG UE £V TOAD HEYAAO TUKVMOTN UE
vepPOAKE PEYOAN PEVUATO SLOKOTTIKMV OTOXEI®V. Miot ONUAVTIKY] TOCOTNTA EVEPYEWNS YOVETOL OE
anOAEEG ¢ BeprdTNTO GTO S10KOTTIKG oTOLYElD KOt 6TOV TukVOTH. 'Eva peydio pnépog g 16ootdduong
EMTVYYAVETOL TOAD amAd KaOdg Olayéetar N @OPTION amd TO KEALL LYMANG GOPTIONG HE TN HOPON
Oepuotrag.

Mio GAAn péBodog 1ooTabong pécw UHeTa@opds evépyelag Hopdlel avd dVo KeEMA évov TLKVOTY
petapopac (flying capacitor). O mokveTig cLVEXDS CLVOLETOL KOl OMOGLVOEETOL (LECH OLOKOTTMV)
HETOED TV 000 KEMOV Kl £TGL PETAPEPEL POPTION Omd TO KEAL LYNANG POPTIONG, 6TO KEM YOUNANG
eoptiong. Kdébe moxvotig ypetdletar povo évav amhd €leyyo o omoiog Bo evepyomolel To SLOKOTTIKG
ototyeia. Xty ewdva 6.3.2.8 eaivetar n vAomoinon g nebddov avTnG.

| C

— 1

—D|||E4||

Ewoéva 6.3.2.p: Metagopd @optiong petald 6vo keMdv

TToAAéG povadeg HeTaPOPEG POPTIoNG HETAED D0 KEAMMV UITopovV Vo, cLVILAGTOVV Yo ypromn o€ battery
packs peyding téong. Mia tétow vAomoinon mapovotdletar oty wodva 6.3.2.y. Kobbg 1o kehd
Ba,...Bn-1 popdlovionr tov mukveoT| HETOPOPAS HE Ta 0VO0 YEITOVIKA TOVG KEAA, 1| @OPTION UTOopel va
petaeepBel amd ™ pia dxpn g cvotoryiog oty dAAN. Avt 1 uébodog Ba amaitovce TOAD ¥pOVO Yo va.
UETOPEPEL TN POPTIOT OO TA TOAD POPTICUEVA KEALL GTO AYOTEPO POPTIGUEVA AV aLTA BploKovTol OTIG
dvo avtibetec dxpeg Tov battery pack, emeidn n eoption Oo Enpene va mepvael amd Kabe ke, Tpdypo to
omoio Ba elye KO0TOG 0E YPOVO Ko arrdd0oT. Avti 1 nEB0d0G £xel Eva TAEOVEKTNLOL GLOKEVAGTOG: Y10
KkdOe 600 keMd, To KOKA®UA EAEYYOV, N TPOPOSOGIO Kol O TUKVMOTNG UTOPOVV VAL GUCKEVOGTOVV GE i
pévo povada n omoia tpogodoteitan and to Kehd ta omoia woootabuilel. Tétoleg povdoeg pmopovv va
TPooTifevtal 660 0 aplBOg TOV KEAMMV ovEaveTat.
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Ewova 6.3.2.y: MeTo.@opa EVEPYELNG NE TUKVOTI] 0.VE 0V0 KEALE Y10 6VGTOLYI0 TOALADV KEAM®OV

Ot TeYVIKEG LETAPOPAG POPTIONG £XOVV TEPLOPIGUEVT] YXPNCIUOTNTO GE EPAPUOYES VPPLOIKMV OVTOKIVITOV.
H ympeia tov prnatopidv ABiov mpoceipel oYeTIKA EMIMEIES XAPAKTNPIOTIKES KAUTOAES TOONS KABMG TO
eninedo @optiong (state of charge-SOC) kvpaivetar peta&d tov 40-80% (ypaoenuo 6.3.2.8). Eva kel pe
vynAo SOC dev £xel onuavTiKn dtopopd thong o€ oyéon e éva kel yapniod SOC, extdg KL av éva and
avtd o KeMd €xel etdoet Tdve and 10 90% tov SOC 1 kdtw and to 20% tov SOC. Ot puratapieg twv
VPPOKOV avtokvTeV Asttovpyodv oe éva péco SOC, ekel Omov ot dpopég g Thong petalld Tov
KEMADV &lvarl ol IKPOTEPES OLVOTEC, LE OMOTEAEGUO VO, TEPLOPILETOL ONUAVTIKA 1) YPNOCUOTNTA TOV
peBOOMV PETAPOPAG EVEPYELOG.

Voltage vs. State of Charge

4.4

4;2 —
3.8 —
3:6 //

347
3.2

Voltage

0 20 40 60 80 100
State of Charge

'paonpa 6.3.2.6: Taon avoyyrokdkrimong pratapiog LIPO

Ot pébodotl petapopds @OPTIONG &ivorl YPNOUES MOTOCO CE EPOUPUOYEC MAEKTPIKAOV OUTOKIVITOV.
[pdypatt, to niextpikd avtokivita cvvnbmg eoptilovtar TAP®S Kot WYvEL 0Tl M dopopd Taong
petalh evog TANP®G POPTIGUEVOL KEAOD Kot VOGS OYL TOGO (QOPTICUEVOL €ival PEYAADTEPT KOVTH OTA
dicpa g KopumHAng téong (ypdonua 6.3.2.0). Avto av&dvel TNV OMOTEAEGHOTIKOTNTO TNG LEBOIOV.
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3.3.3 Metatpomneig evépysrag

Ot uéBoodot 1600TAOUIoNC HECH UETATPOTNG EVEPYELNG, XPNCULOTOOVY TNVIOL 1] UETACYNUOATIOTEG OVTMG
(MOOTE VO LETAPEPOVY TNV EVEPYELD a0 £va KeAL o€ €val GAAO M amd pio opdda KeMmv o€ pior dAAN. Avo
pébodor petatpomng evépyelag eivar n pnéBodog Tov petacynuatiot petaymyng (Switched transformer)
KOl TOV HETAGYNUOTIOTHS dlapotpacpov (shared transformer).

H pébodoc tov peETOoNUOATIOT HETOYWYNS OlBETEL TNV 1Ol TOTOAOYID SLOKOTTIKMY OTOUYEI®MV HE TN
pébodo tov mukvet petapopdg (flying capacitor). H toroloyio avti mapovcialetoar oty eikova 6.3.3.a.
To pedpo I AapPavetoar amd oAdxAnpo to pack kot petdyetor otov petaoynuatiom T. H €€0do¢ tov
petacynuotiot) avopbovetot péow g 016dov D kot petagpépetot 6to keAl By , To omoio kabopiletar amd
™ pYOUon TV SOKOTTIK®V oTotyeiov S. Amorteitor emopévmg NAEKTPOVIKOG EAEYXOC £TOL MOOTE Vo
emheyBel 10 KatdAANA0 KeAM Kot va KAeicouy ot amapaitntot dtakonteg S.

Control

:1 -

Ewéva 6.3.3.0: MeTAGYNNOTIOTIG HETAYOYNS

Avty 1 pébodog pumopet moAD ypryopa vo 1606TaOpIGEL KEAMA YOUNANG GOPTIONG OPALPDOVTAG EVEPYELD
and ohdkAnpo 1o pack. Ta pelovektnuata ovtg ™¢ nebddov givarl  peyain moAvalokodTnTa, TO LYNAO
KOGTOG VMK®OV AOY® TOV €AEYYOV, TOV HOYVNTIKAOV DVAIKOV KOl TOV O0KOTTIKOV GTOXEI®V Kol TEAOG O
UIKPOG PaBUdC amd300MG AOY® TV OOKOTTIKMV KOl TOV LOYVNTIKOV OTOAEIDV.

O petacynuotiot)g Stopolpasol dtabétet Eva poyvntikd Tuprva pe devtepevovta taps mov avtieToryovv
oe k@Be keAl. H tomoloyia avt) mapovcidleton ommv ewova 6.3.3.. To pedopo I Aappdveton amod
OAOKAN PN TN ovotolyio Kot emdyst pedpata oe kabe €vo amd ta devtepevovta. To devtepedov pe ™
UIKPOTEPN EMAYOYIKY] avTidopaon (AOY® TG YOUNANG TEPUATIKNG TAONS TOv KeAov Bp) Oa éxer 1o
TEPLGGOTEPO EMOYOUEVO peda. Me avtdv tov tpdmo, khbe kel d€xeTon pedpa eOpTIoNg 10 omoio iva
AVTIOTPOP®S 0vaA0YO TOV emmédov eoptiong tov (SOC).
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Ewéva 6.3.3.p: Metaoympatietis S10101pacpuov

To pévo evepyd otoyeio g HeEBOOOVL TOV UETAGYNUATIOT] OLOUOLPACHOD givol évo SLOKOTTIKO
tpaviictop Y00 TO TPMOTEVOV TOL HETACKNUATIOTH. Agv amorteitor €Aeyyog KAewotov Ppodyov. O
HETAGYNUOTIOTNG SLOUOIPUCHOD UTOPEL VL 1I600TAOUIGEL TOAD Ypiyopa pio umoatapios TOAADV KEMOV e
eMdyoteg andAetec. To pelovekTnuato ovTng TG HeBddov givol ta TOAVTAOKO HOyvnTIKG UEPT Kol TO
VYNAO K00T0G AdY® TOov avopbBwty) Tov KaBe devtepevovtog. Emiong 10 kikAwpa 1coctdduiong Bo mpénet
va oyxedtdletor Yo to PEYIoTO avapevopevo aplpd kemav. Emmiéov degvtepevovta tap dev pmopolv va

poctehohv VKO,

ApKeTOl HETAGYNUOTIOTEG UITOPOVV VO YPNCLULOTOMBOVV HE TO 1010 OMOTEAEGHA HE TNG GUVOESN UECH
TOV TPOTEVOVIOV TUAYUATOV OVl TNG GUVIESTG HEGM €VOC LOVO HoyvnTikoD Tuprva. Avti 1 otdtoén
eatvetar oy ewova 6.3.3.y. To mheovékTnpa avg g neBddov givar 6t kibe kel pmopet va €xet 1o
OO TOV HAyVNTIKO TUPNVA, EMITPENOVTIOG £TCL TNV TPOGHEST EMIMALOV KEMMDV GTN GLGTOLYIN, YWPIG Vo
aToTOVVTOL LEYAAES AAAAYES.

Control
[|i—l
|T . - » [ ]

Ewéva 6.3.3y: llolhamrol peTacyuaTiotsg

H p1€6000g 100 peTaoynUOTIoT! SOUOIPAGHOD EIVOL KOTAAANAT Y10 €POPLOYEC NAEKTPIKOV KOl VPPOKOV
avtokvntwv. Av to pedpa Il eivon pikpd, tdéte 1 cvokevn 1wootabuIong Bo pmopovoe va Agttovpyel
oLVVEYDG LE HEYOADTEPO PaBd amddoong amd OAEG TIG vtoAouteg UeBOSOVE EVEPYNTIKNG 1GO0GTAOIONG.
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6.4 Mé0ooor IadnTiknc IsootaOuiong

AVTIOTAGELS OOy MY EVEPYELUS

H pébodog amaymyng evépyelog ouvoéel o KEMA VYNNG @OpTiong pe ouké aviiotdoels. Etot,
aQopeiton  evépyeln amd To KEALL VYNANG QOPTIONG HEYXPL OVTA VO, PTAGOLY TO EMMESO POPTIONG TOV
younAdtepwv o eoption kelmv. H didtagn mov ypnoiponoteitor mapovcidletor oty ikéva 6.4.0. To
KOKA®LOL TOV YPNCUOTOLEITAL OTOTEAEL TV TLO ATTAY| KOl XOUNAY] 6€ KOGTOG LAOTOiNGoT 1600TdOiong. Av
N T ¢ avtiotaong entheydel dote to pevpa I va eivon pukpd, tote T0 PLOKO PEYEBOC TG avTioTOONG
duvaton va givarl pikpd. Mio avtiotacn 10mA/Ahr propei va 1cootafpiost to ToAD VYNANG EOPTIONG
KeMa pe éva pobud tov 1% avd dpa. Av Aettovpyel cvveyde, pio té€tota teyviky Bo pmopovoe va
ekpoprtioel oAoKANpo To battery pack péco o pepikég pépec.

B1 Bz |

Bn
111 | ) 11
NG L

i 1 E 2 i n
]—wv— PLan— P

Control

Ewoéva 6.4.0: M£00d0g amaymyng evépyelag

H 1cootaBuion péom g amoymyng evépyslag pmopel va Aettovpyel GuveXDS, LE TIC OVIIGTAGELS VoL
tiBevtan evtog Kot KTOC chvoeoNg dmmg amouteiton kaBe Qopd.

H teyvikn g 1cootdBiong avtg sivor KatdAAnAn yio €@oppoyés vPpdwkedv avtokivitov. Ta
TAEOVEKTNUOTO TNG €ival TO younAd KO0TOC Ko 1 pikpn moAvmlokdtta. To pelovéktnud tg eivon ot
UEYAAEG OMDAELIES EVEPYELQG.

6.5 Emloyn Tpémov 16o6tddnions yia tov @optioti| pratoprov LiFePO,
2T MOPATAVE EVOTNTEG TOV £KTOL KEPOAOIOV TOPOVCIACTNKE TO TPOPANUO Kol M avaykn g
1600TA0UIoNG TOV KEM®V piog pmoatapiog Kotd Tn @OpTIon. ZVYKEKPIEVA, Yo TS umatopieg [oviov
ABiov, ABiov moivuepdv kar LiFEPO4, o1 omoieg dev dtabétovy unyoviopuovg euoikng 16ootdduiong,
amotteiton 1 papuroyn evog KuKA®pPaTog mov Oa emttedel avt ™ dwdikacia. [lapovoidomkay eniong ot
KuploTEPEG 1EDBOJOL 160GTAOUIONG TTOV VIAPYOLY CNUEPO KoL OVOIELYTNKOV TO TAEOVEKTNUOTO KOl TO
HLELOVEKTN LT OVTAV.
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Epdcov o poptiotic mov Ba oyedtaotel dev Ba elvar cuvoederévog e T puratapio Katd Ty EKQOPTIoN,
OgV LG apopd M andAslo EVEPYELNG TOV TOPOVCLAlovV Kkdmoleg PEBodOL dTav eivaor cuVOEdEUEVEG KATH
™V EKEOPTION.

H pébodog mov emidéyeton yio TV 1006TAOUIONC TOV KEAMV TNG UIaTapiog etval 1 TEXVIKN TG Omoy®YNg
evépyelog HECH OMKOV avtiotdoewv. H emdoyn ovt) yivetor pe kpuriplo tov  pkpd  Poduod
TOALTAOKOTNTOG KOl TO LKPO KOGTOG KATOGKEVTG.

6.6 Xyeoiaon tTov Kvkhopatog IcootdOpiong
Aol éytve m emioyn ™ peBoddov 1oootdbuione, Ba mpoyupotomombel M doTAGIOAGYNON TOV
OVTIGTACEMV KO 1) ETAOYN TOV NUIOYOYOV SIOKOTTIKOV 6TotyEimv mov Oa ypnoyorombovyv.

6.6.1 Al06TAGLOAOYNGN TOV GVTIGTAGE®V
To khxlopa mov Ba oyedrootel Ba tkavomotel ) d1dtacn mov eaivetor oty gwova 6.6.1.0.

T il

Ewova 6.6.1.0: M£00dog amaymyng evépysrag

Ot opkég avtiotdoetg Ba £govv tétoln TIUn OGTe dTav cLVOLOVTOL e Eva KEAL, VO TOPAKAUTTOUY OAO TO
peELLLO POPTIONG KOl VO TO EKPOPTiLovv eldyiota. No TovioTtel 0Tl 1 1600TAOON TOV KEADV AapPivel
YOP LOVO KOTA TN OldpKELD TG POPTIoNG He otabepd pedpa. Otav 11 @OPTION GLVEXIGTEL e TNV TEYVIKN
otabepng Taong, tOte M thon tov battery pack Bo mapouével otabepn, dpo dev B vdpyovy peTaPorig
OTIG TAGELS TOV KEMDV.

Onm¢ mopovs1dcoTKe 6€ TPONYOVUEVT EVOTNTA, 1| POpTIoN Oa yiveTal apykd pe otabepd pevpa Tiung 3A.
Eniong, xotd ™ dudpkela ¢ 1cootdduiong n téomn tov keAov Ba aAAdlel cuveymg Emg 6Tov PTdoEl TNV
Tiun tov 3.6V. H tyun g avtiotaong Ba mpénel va givor tétota, dote dtav cuvoéetor Le Eva KeAl, va
TOPAKAUTTEL TO PEVUO POPTIONG KOL VO TO EKPOPTILEL ,[LE HIKPO PEV L.

Amd T1¢ mpodiaypapés Tov pratapldv LiFEPO4 kot cuykekpuéva tov kehdv A123 ANR26650, paivetot
ot T0. Op1a Tdong TV keMdv otovg 25°C givan 2V-3.6V. Emopévag 1 5106Tac1oAdynon ToV avIIGTIGEDV
Ba yivel pe Paon v i tov 3 V, onoia Ppicketal ovGLOGTIKA GTN HECT TV oplwv Asttovpyiog £vOg
KkeMo¥ (omavio Ba Técer 1 téon ota 2 V). Avtd onpaivel 6t otav Eva kel £xet tdon 3 V kot cuvdebei
avtioTaon mopdAANA pe avtd, tote amAd Bo mopakdumtel To pedvpa eoptiong (3A) kot dev Ba To
expoptilel. Otav 1o keM €yel tdon pkpdtepn and 3V, 1018 T0 KEM avTd B poptileton pe pKpodTEPO
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peopa omd to 3A. Téhog, 6tav to KeAl €xel Tdon peyaAvtepn and 3V , 10te T0 KeAl 01O B expoptileTon
amto TNV OUIKY| aVTioTOOT).

Enopévmg, n avtictaon Ba £xet Tiun mov vroAoyileton amd TV TopaKdTm oYEon:

R = Vlcsx'um’) N
I<pépfwnc
R 3V
=—>
3A
R=10

Eniong n avtictaon Ba eivat ioyvog 13W, 6nwc vroroyileton omd tn oyéon :

P = Inax X Vinax =
P =3.6A%X3.6V =
P =~ 13W
O1ov Imaxiot Vimax vt o péyioto pgopa kot tdon avtictoryo mov Ba £xel n avtictaon e 1606TAOoNG.

INa mapdaderypo, otav to battery pack yet taon 12.5 V kat o ke mov 10 anotelovv £xouvv tdoelg 3.5V,
3V, 2.7V o 3.3V t6te Oa £yovpe:

KeAi 1 KeAi 2 KeAi 3 KeAi 4
3.6A 3A 2.7A 3.3A|
A AN AN A A ,;\‘ ’,-‘.‘ A ,-’h\ v""\
RV VoWV VAV Y Vv
10 10 10 10
UL LY <&
3A + — 3A + — 3A + — 3A + —
L | S I 2y | S I
| L \ i
6V 3v 27V 33V
e 12.5V .

TPOPOAQTIKO
3A/3.6V
CCCV

Zyqpa 6.6.1.p: Koxkhopa i6ootadpiong Yo 4 keld

Onwg gaiveton 6to oynua 6.6.1.8, 6tav 1o kel 1 €xet tdon 3.6V (>3V), 101€ expoprtiletar pe pevua 600
MA . Otav 10 k€M 2 éyel taon 3V (=3V), 1618 10 KeEM avTd dev Qoptiletar KabBOAov OAAG 0VTE
exoprtiletal. Otav to keAl 3 €xel taon 2.7 V (<3V), 101€ 10 KEM 0wtd Qoptiletor aAld pe mOAD

( ]
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pkpotepo pevpa eoptiong (300mA). Térog, To kel 4 €xetl 1010 cuumeprpopd pe to KeAl 1 (>3V) ko dpa
exopriletar, aALd pe pikpdtepo pedpa (300mA).

Emopévmg vtodoyiotnKay ot TIHEG TOV OVTIGTAGE®MY TOV ATULTOVVTAL Y10 TO KUKAMO 16006TA0UIoNG.

6.6.2 Em.oy Awukontt®v

6.6.2.1 Ovnuoyoykoi eAeyONEVOL OLUKOTTES
Ot draxomteg mov Ba emdeyBovv, €161 dote va BETovy evidg Kat eKTOS GVVIESTG TIC WHIIKEG OVTIGTACELS,
Ba etvar nuayoyKol eAeyyOpeEVOL SIOKOTTEG.

Apketd €idn Muoyoykov otoyeiov , 6mwg ta BJT, to MOSFET, ta GTO kot to IGBT, propodv va
KAgIVOLV KOl VO avoiyouv pe onpoto EAEYXOV OV EQOPUOLOVTAL GTOV OKPOOEKTN EAEYXOV TOV GTOLYEIOV.
Ta otoryeio avtd ovoudlovtor eheyyOUEVOl SOKOTTEC KOl TOPIGTAVOVTOL YEVIKO LE TO KUKAMUOTIKO
ocvpporo mov divetan 6to oynua 6.6.2.1.a. Otav 0 dtokomng eivor avorytog ogv pést KaBOAov pevL, EVD
otav gtvor KAe1oTog T0 peda pmopet va péet Lovo katd T eopd Tov BEAOVG.

:‘Tl
vr

Zynpa 6.6.2.1.0: Tomikog ELeYYONEVOS SLUKOTTTIG

O 130viKOG d10KOTTNG £XEL TOL AKOAOVOO YOPAKTPIOTIKAL:

1. Ortav givar avorytdc, amokontel avbaipeta VYNAEG 0pBES Kot OVACTPOPES TAGELS Ko dEV
olappéeTan amd PEVLLAL.

2. Ortav givar kKAeloToC, dyel avbaipeta vYNAL pedpaTo Le PNOEVIKN TTMOGN TAGNC.

3. Ortav deyepbei, petaPaivel akaplaio omd TV KATAGTOCT Ay®YIUOTNTOG OTNV KATAGTOON
OTOKOTNG KOl AVTIGTPOQOL.

4. T va deyepBet 0 O10KOTTNG, OoNTEITOL UNOAIVY] IOYVG OO TNV TNYT EAEYYOV.

Ot mpaypatikol NUIOy®Yol 100G MGTOGO OEV EXOVV OVTA TO WOAVIKA XUPOKTNPICTIKAE Ko KOTd T Ypnon
TOVG KOTAVOAMVOLV 16Y0. AT M oY0¢ ivarl avaAoyn QUOIKE TOV PELUATMOV TOV TEPVOVV OO TOVG
OLOKOTTEG AL TOVG.

210 KUKA®UO 1000Tafiong mov peietdror Oa oyvonBobv ot amdAEES 1GYVOG aPOV TO. PEHLOTA TOV
VILAPYOLY OEV TPOKAAOVV AEIOCT|UEIMTES ATMAELEG.
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6.6.2.2 Transistor petoA K@V 0&Binv NuIoyOY®OV pe exidpacn tediov (MOSFET)
To cvykekpyévo NUy®YIKd ototyeio mov Ba ypnoiponombei oto KOKA®UO 1600Ta0Mmong eival To N-
MOSFET.

To kuKlopatikd cvpPoro tov MOSFET n-kavaiiod divetoan oto oynua 6.6.2.2.a. To nuoyoyikd avtd
otoeio eivorl pio ddraén eleyyduevn omd tdon, OmO¢ Qaiveton omd TG  I-V YOPUKTNPIOTIKEG TOL
oynuatog 6.6.2.2.8. H d1dtaén sivor oe minpn ayoypdtra Kot tpoceyyilel Evav KAEGTO dtaKomTn, OTOV
N téorn TOANG-mNYNg tvon emapkdg vynAn. To MOSFET eival 6g koTdoTaon amokKomng, Otav 1 Tdon
TOANG-TNYNG elfvor yapnAdtepn omd v T kotoeiiov (gate-source threshold voltage) Vgsany. Ot
WOOVIKEG YOPAKTNPIOTIKEG TNG O1ATAENG KATA TN S10KOTTIKY TG Agttovpyia divovtal 6to oynua 6.6.2.2.y.

Ta MOSFET oamottobv ™ cvveyn epapuoyn pog tdong katdAiniov peyébovg peta&d g moing (gate)
Kot Tng myng (source) yia vo fpiokoviol 6 KatdoTtoon oy®yotnTas. And v TOAN dev mepvd pedLa,
Tapd povo Kot T petafdoel oféong kot Evovong, otav mn yopntikdtta g TOANG eoptiletar M
expoprtiletal. Ot ypdvotl petafaong eivor mord pikpol, and HepKES dEKAOEG EMG UEPIKES EKATOVTAOES
nsec, avdAioya pe to €100G TOL GTOLYKElOV.

!.D
l‘D '
=7V On
+ YGs

T .

F.On o \ oft
. _

Off
ves _ i ! av Ups
S 0 —1 ’UDS 0

Type 6.6.2.2 TransistorMOSFETn-kavaio¥: (a)coppoiro, (B) i-V yopaktnplotikés, (Y)160viKES (opaKTPLOTIKES

H avtiotaon ayoypdmrog rosen) 1o MOSFET peta&d tov amaywyov (drain) kot tng mnyng ov&dvetat
YPNYOPQ. LLE TNV OVOLOGTIKY| TN TNG TAONG OTOKOTNG. %€ OVIYLEVES OVEL LLOVADO LLOVADES, T aVTIoTOON
ayOYOTNTAG UTOPEL VO EKQPAGTEL MG GLVAPTNGCT TG OVOLOCTIKNG TAGNS omokonng BVpswg

r = kBV3327

Omov K givar pio otabepd mov eéaptdrar amd T yeoperpio tng didtaéng. o to Adyo owtd, oty ayopd
dwtifevrar povo MOSFET pe yopumAéc ovopOoTIKEG TAGELS, TTOV EXOLV YOUNAT OVTIGTOOT OY®YOTNTOG
KOl KOTO GUVETELN LUKPEG OMAOAELIES ALY®YILOTNTOG,

Ta MOSFET o6wtifevton pe ovopaotikég tdoelg peyorvtepeg omd 1000V oAl pe pikpd ovouaoTIKO
pedpato, Kol pe ovopootikd pevpato pexpt to 100A oe pikpég ovopaotikés taoelg. H péyiom toon
TOANG-TNYNG etval £20V , oAAdd dwatiBevion kot MOSFET mov pmopotv va ehéyyovion pe onpota towv SV.
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6.6.2.3 Xyeoioon KukA®NOTOG 1606TAONIGN G pe drokomrty N-MOSFET

Mo to vd perétn kokAopo oootdduiong Ba emieydei 1o N-MOSFET IRFZ44. To MOSFET avtd
eléyyetar pe thon SV. Aniadn Otav d€xetal taon SV oty mOAN TOU GUUTEPLPEPETOL GOV KAEIGTOG
OLOKOTTTNG EVA OTAV OV OEYETAL TAGT), TOTE GUUTEPLPEPETOL GOV OLVOIKTOG SIOKOTTNG.

To khklopa 1606TAOUIoNG ETOUEVMG Bal £XEL TNV TOPAKATO HLOPON:

KeAi 1 KeAi 2 KeAi 3 KeAi 4
10 1Q N 1!} 10
«\r’ h\f ﬂ‘-\,— \ ’/\‘v’r\‘v— V ‘\J’A‘v"_ A‘v’j\‘v"\‘»’_
’_ 51 — 82 — 33 . 34
)_' xpotiopen J,, S JH s . J,, npebripn
1. 1. | L. | L.
+| - I +| - T +| - T +| - T
- - -

TPO®OAOTIKO
3A/3.6V
CCcV

51 82 33 34

MIKPOEAETKTHZ

Xynpa 6.6.2.3.0: KOkhopo woostddpiong optiot

Onwg eaivetar 610 mopandveo oynua, 1 ayoyn tov MOSFET kabopilel moleg avtiotdoslg cuvdéovtat
TOPAAAN AL LE KATOL0 KEAL.

IMa mapdodstypa, 6tav 10 KeM 2 €xel vynAdTEPN POPTION OO Ta AAAO KEMA, TOTE B Tpémetl vor cuvoeDel
TOPAAAN AL LE ALTO 1) OLUIKT OVTIOTOOT £TOL MOTE VO KOBVGTEPNGEL 1] POPTIGT) TOV GVYKEKPLUEVOD KEALOD
uéxplg 6tov TO. LIOAowmA KeEMAE @TAGOVV TO €mMIMEdO EOPTIONG TOVL. X OQVTNV TNV TEPIMTWOON, O
LIKPOEAEYKTNG, 0 0T010g Bl £xel Kataypdwel avtiv TV TANpogopia, Ba ddcel ££000 SV oToV aKpOdEKT
0 omoiog ocvvdéetar pe v mOAN tov S2. Toéte to MOSFET S2 0o tebel oe aywyn, dniadn o
ocoumeplpephel oav KAEIGTOG dlokOTTNG Kot | OKN avtictaon 0o cuvdebel mapdAinia pe To kel 2.

6.6.3 Telkn mthokéto 16006TAONIGNG

Méow tov mpoypdupotoc oyedioong PCB,EAGLE, mpaypatomomnke mn oyxedioon e tumopévng
TAAKETOG TOL KUKADOUATOG 1600Ta0ong. Yrdpyovv 600 pin headers twv 5 akpodektdv 6mov yiveton M
OUVOEGN TOL WIKPOEAEYKTN KOl T®V KEMAOV pe T0 KOKAwpo. [Tapaxkdto o@aivetor m mAAKETO TOL
oyedotke. Emiong, oto CD mov cuvodevel ) SimAopatikn, vrdpyovv to apyeio oyediaong (dvoua
apyeiov: “PCB_isostathmisi™).

103

——
| —



10 cm

4
CMILaRAE,
Py

< >

CEMT 15

Sy

Ewova 6.6.3.0: y£010 TOTOREVIG TAOKETOAS TOV KUKAMDRATOG L006TAONIGNG

No onueiwdel 6t 610 TeEMKO KOKA®UA 1) TOAN TOL KGO mosfet cuvdéeton pe 1o GND péowm piog opikng
avtiotaonc 100kQ. Avto yivetat étot dote oo mosfet va Aettovpyodv g avorytég Enapéc Otay dgv
dteyeipetar 1 TOAN ToUg pe SV. Avtd Qaivetor Kot 6To 6YE010 TNG TAUKETOS TOPATAVE.

6.6.4 Xovoyn

2TC MOPUTAVE  TOPOYPAPOVS TAPOLGLICTNKE 1 GYESIOOT TOL KLKAMUOTOG 1oootdduiong. A@od
emA&yOnke N koTdAANAN LEBOSOG 1600TAOUIoN G, O106TAGIOAOYNONKAY O1 AVTIGTACELS TOV OTALTOVVTOL KOt
emA&yOnkav to Nuoyoyikd otoyeio mov Oao ypnoipomomBodv ®g dwkdnTeG. XT10 oYU 6.6.2.3.0
TOPOVCIACTNKE TO GYE010 TOL KLKAOUOTOG oootdfong. Tlapakdto Bo mapovciactel 0 KOOKAG O
omoiog Ba mpémel va ypapTel GTOV HUKPOEMEEEPYUOTH] OVTMG DGTE VO AEITOVPYEL OMOTELECUOTIKA TO
KOKA®UO 160GTAOONC.
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6.7 IlpoypoppaTiopnog HIKPOETEEEPYAOTI)

6.7.1 Ewcoyoy

H povéda tov pikpoeheyktn amotelel ovolaoTIKE TOV «EYKEPAAO» TOV POPTIoTH. AvTdg pubuiler Kot
erEyyeL T OloKOTTIKY akoAovBia KoTd TNV 16006Td0UIoT, EVED TapdAAnia Tapoakoiovbel tn Beppokpacio
tov battery pack kot ta 6plo tdong mov o mpémel va. ikavomolovvTal. Xe KOOE mEPINT®ON GLVOEEL 1)
amocLVOEEL ,0Tav gival avaykaio, to battery pack and tov poptiot.

O ovykekpiévog pkpoeheyktig mov Oa ypnowonombel eivar o Arduino MEGA 2560 o omoiog
ypnowonolel tov pikpoenesepyaoty ATmega2560. Ta yopaxTnploTikd GTOUElD TOL HIKPOEAEYKTY|
napatifevrarl 6to Téhog ¢ dumhopotiknig (ITAPAPTHMA, oeh. 145). A&ilel vo onpeiwdel o160, 011 0
LIKPOEAEYKTNG TPOPodoTEiTOL EMTEPIKE OO £va SLOKOTTTIKO TPoPodoTikd 9V, Tov onoiov Tapovoidletal
oto 1éhog ¢ Ouwmlopotikig (ITAPAPTHMA oel. 142). Tmv ewova 6.7.1.a mopovoidletor o
piKpogdeyktng mov Oa ypnotponombet, dmov aivovtatl OAec o1 BOpeg 166d0v, €660V Kat TPOPOJOGiag.

MADE

Ewova 6.7.1.a O pikporeykting ArduinoMEGA 2560

O TPOYPOUUATIOUOG TOV HUIKPOEAEYKTY] YiveTon péoa amd To EAEVBEPO AOYICUIKO Y10 TOV TPOYPOUUUATIOUO
tov Arduino. v ewédva 6.7.1. mapovctdleTol 10 TPOYPUUUATIOTIKO TEPBAAlOV TPV TV TPocsOnkn
Kdmolov KmoKa. O KOdkag mov Oa ypaptel O mpénet va eAEyyet T dtakomtikny akolovdia twv MOSFET
katd ™ owdwkocio woootdOuiong. H Aoy tov akyopiBuov eivar 611 kdBe @opd mov €va kel €xet
peyoAlvtepn tdon amd ta dAla, tote gite ekpoptiletal, €ite MOPUKAUTTETAL 1| QOPTIOCT TOL WEYPL TO
vroéAOUTO KEAMA Vo PTdoovy 6to 1010 eminedo thong. Avti 1 dwdikocio exavalopuPdveTor pHéxpt Kot To
TEG0EPA KEADL VO TAGOVY TNV Tdom TV 3.6V. Ouoikd, KAOe oTiyun mpémel vo EAEYYETOL OV TNPOVVTOL TO.
opla tdong towv keMdv LiIFEPO,, to omoio givanr 2V-3.6V. No onuewwbei eniong 6t1 1 wootdduion
hoppavel yopa katd ™ eoption pe otabepd pevpa. Otav to battery pack gtdoel v tdon tov 14.4 V
1o1€ dlakdmTETONL 1 1000TAOMGN Kot To battery pack goptileton ue otabepn tdon.
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_ N
diplomatiki_code_isostathmisi | Arduino 1_ oo S

File Edit Sketch Tools Help

diplomatiki_code_isostathmisi

Arduine Mega 2560 or Mega ADK on COMA0

Ewova 6.7.1.8 Mpoypappatiotiko neptpaAiov Arduino

6.7.2 Koodwkag 1606100 p1ong
SOUQOVA LE OVTE TTOV TEPLYPAPNKOV GTIG TPOTYOVUEVEG TOPAYPAPOVS, 0 KMOKAS Tov Oa ypapel 6To
TPOYPAUHOTIOTIKO TTEPIPAALov Tov arduino ,060v agopd TV 1606TAOUIGT, TaPOVCIAlETAL TAPAKAT®:

/*KQAIKAS 1302 TAGMIZHZ

Anuoupyodc : Kwvotavtivog MmoUpxag
Huepopnvia Anuwoupyiag: Abyouotog 2012*/

/* ta MOSFET mou cuvd€ouv to KaBe kel pe Tnv avtiotaon woootdduiong cuvdéovtal pe pio Pndakn Bupa */

intM0S1=31; /* kaBoplopdc BUpag otnv omoia cuvdéetal n AN tou MOSFET mou cuvdéel Tnv avtiotaon UE To

KeAL 1. H Yndraxn autr BUpa eAéyxel Kat tnv aywyr tou MOSFET*/

intM0S2=32; /* opoiwg yla to MOSFET mou cuvbéel tnv avtiotacn e To KeAi 2 */
intM0S3=33; /* ouoilwg yla to MOSFET mou cuvbdéel tnv avtiotacn e To KeAi 3 */
intM0S4=34; /* ouoiwg ya to MOSFET mou cuvbdéel tnv avtiotacn e To KeAi 4 */

voidsetup () {
pinMode(MOS1, OUTPUT); /*n BUpa MOS1 dnhwvetal wg £€€0doc¢, adol avdaAoya pe TI¢ ouvonkeg Ba maipvel tnv
T 0 5V avolyokAeivovtag €tol to MOSFET */
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pinMode(MOS2, OUTPUT); /*opoiwg yla tn B0pa MOS2 */
pinMode(MOS3, OUTPUT); /* ouoiwg yLa tn Bupa MOS3 */
pinMode(MOS4, OUTPUT); /* opoiwcg yia tn OUpa MOS4 */
Serial.begin(9600);

}

voidloop() {

// uétpnon tng taong Tou Kabe keAlov

/* Ztnv avaloyikn BUpa Al cuvdeetal n €€060¢G ToU TEAEOTLKOU EVLXUTH TTOU cuvEeTal e To KeAl 1 kat Seiyvel Thv
Tdon tou keAoL 1 pe avadopd to 0.

Opoliwg yla tig Bupeg A2,A3,A4

*/

intsensor_V1=analogRead(A1); //8laBdlel tnv tdon otn avaioyikr Bupa Al

intsensor_V2=analogRead(Az2); //8laBdleL tnv tdon otn avaioyikr Bupa A2

intsensor_V3=analogRead(A3); //8laBdleL tnv tdon otn avaioyikr Bupa A3

intsensor_V4=analogRead(A4); //8laBdlel tnv tdon otn avaioykn Bupa A4

floatVl=sensor_V1 * (5.0/1023.0); /*petatpéncel tnv avohoykn T mouv SiaBalel (n omoia kupaivetal amnod 0-
1023) os tun taong (0-5V) */

float V2=sensor_V2 * (5.0/1023.0);

float V3=sensor_V3 * (5.0/1023.0);

floatV4=sensor_V4 * (5.0/1023.0);

/* Av ta kehd sival péoca ota aodaln 6pla taong (2.3V-3.6V), tote AapBadvel xwpa n Loootdduton.

‘Omolo keAl Bploketal pe TNV LeyaAUTEPN TAON, TOTE AUTO ekdopTileTal i poptileTal Mo apyd €wg 6tou GTAcoUV
TO €minedo TAoNg Tou Ta UTOAoLTa KeALd. Auth Stadikacia emavalapBAveTal CUVEXWS e OTIOLO KeAL £xel KAOE
OTLYMN TN MEYOAUTEPN TAON. Mg aUTOV ToV TPOMO, Ta KEALA Ba dtdcouv OAa pall tnv tdon twv 3.6V(yla tnv
akpiBela Ba Eemepdoouv tnv tdon twv 3.595V) kal and ekel kal mépa Oa otapatiosl n woootabuion agpou To
batterypack Ba ¢poprtiotel pe otabepn taon */

if (V1>2.3 && V2>2.3 && V3>2.3 && V4>2.3 && V1<3.595 && V2<3.595 && V3<3.595 && V4<3.595) {
floathigh_cell=V1; // 1o keAi 1 apylkomoleital wg to KeAL pe Tn peyalltepn tdon

intflag= MOS1; /* apywomoleital n BUpa mov cuvdéetal pe to KeAl 1 wg n BUpa MoU CUVEEETAL e TO KEAL PE TNV
unAotepn taon */

if (V2 >high_cell) {
high_cell=V2; /* av n tdon tou keAloL 2 Eemepva tnv tédon high_cell, téte n petapAnth high_cell
TALPVEL TNV TLUH TN TAoNC Tou KeAoL 2 */
flag=MOS2; /*n BUpa mou Ba dwoel 5V opiletal wg n BUpa mou cuvdEtal pe to MOSFET mou
ouvdéeL TNV avtiotaon .oootddulong oto KeAl 2 */
}
if (V3 >high_cell) {
high_cell=V3; /* av n tdon tou kehov 3 &emepva tnv tdon high_cell, téte n petapAntn high_cell
TALLPVEL TNV TLUH TN TAoNC Tou KeALoL 3 */
flag=MOS3; /*n BUpa mou Ba Swoel 5V opiletal wg n BUpa mou cuvdEtal pe to MOSFET mou
ouvdéeL TNV avtiotaon lootdduLong oto KeAl 3 */

}
if (V4 >high_cell) {
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high_cell=V4; /* av n tdon tou keAov 4 emepva tnv tdon high_cell, téte n petapAntn high_cell
TalpVeL TNV TLUA TG TAONG TOU KeALov 4 */

flag=MOS4; /*n BUpa mou Ba Sdwoel 5V opiletatl wg n BUpa mou ocuvdétal pe to MOSFET mou
ouvbdéeL Tnv avtiotaon wootaduiong oto KeAi 4 */

}

digitalWrite(flag,HIGH); /* &ivovtal 5V otn BUpa mou cuvdéetal pe to MOSFET, To omoio ouvdéeL tnv avtiotaon
LO0OTAOULONG LE TO KEAL TTOU £XEL TN peyoUtepn tdon */

}

/* av n Taon €otw Kal evog KeAoU sival KATw amod 2.3V Kal n Taon Twv umoAoinwy sival katw amnod 3.6V, 1ote
Slakomtetal n woootabuion kat doptilovtal OAa to KeAld pe otobepd pevpa. Auto yivetal pe okomd va
KPATLOUVTAL OL TACELG TwV KEALWV 0To achaAég Oplo dvw twy 2.3V */

else if ((V1<2.3 | | V2<2.3 || V3<2.3 || V4<2.3) && (V1<3.6 && V2<3.6 && V3<3.6 && V4<3.6)) {
digitalWrite(MOS1,LOW); // armocuvdéeL tnv avtiotaon amo to KeAi 1
digitalWrite(MOS2,LOW); // armocuvdéeL tnv avtiotaon amno To KeAL 2
digitalWrite(MOS3,LOW); // armocuvdéeL tnv avtiotaon amno to KeAl 3
digitalWrite(MOS4,LOW); // armocuvdgeL tnv avtiotaon oo to KeAi 4

/* étav n taon Kol Twv TecoGpwv KeEAWWV ¢tdoel ta 3.595V, tote otapotdel n Stadikaoia Tng LoootaduLong
KaBw¢ toTE TO battery pack doptiletal pe cuotnua otabeprg taong. Aev t€Bnke cav cuvBnikn va givatl lon n tdon
HE 3.6V S8LOTL UTIAPXEL MEPIMTWON va PNV GTACOUV TA KEALA TAUTOXPOva oTnv tdon twv 3.6V. Qotdéco av
Eemepacouv OAa pall Tnv taon twv 3.595V, ToTe onuaivel OTL €X0UV LOOOTAOULOTEL EMAPKWE KoL OTOLOSATIOTE
avioooporia amno kel kal mépa Sev emnpedlet Ta KeAld adol otn Xelpotepn meplmtwon Oa €xouv Tpia KEALA TGN
3.596V kal éva keAi taon 3.612, kATL To omolio sival anodektd */
else if (V1>3.595 && V2>3.595 && V3>3.595 && V4>3.595) {

digitalWrite(MOS1,LOW); // amoouvbésL tnv avtiotacn amo to KeAl 1

digitalWrite(MOS2,LOW); // amoouvbésL tnv avtiotacn amo Tto KeAl 2

digitalWrite(MOS3,LOW); // amoocuvbésL tnv avtiotacn amo to KeAl 3

digitalWrite(MOS4,LOW); // armocuvbésL tnv avtiotacn amno to KeAi 4

}

}
/* Té\og loootd®uiong */

O mopomdve KOSIKAG TEPAGTNKE GTO TPOYPUUUATIOTIKO TTepIPdilov Tov Arduino Kot PeTayA®TTIOTNKE
EMTUYDG. XtV €Kova 6.7.2.00 @oivetor £€vo  OTIYHOTLUNO omd  TOV  TMOPOTAVE KOOKK GTO
TPOYPAUHOTIOTIKO TTEPPAALov. Xt0 Cd TO 000 TMEPIEXETOL OTN SMAMUOTIKY TOPEYETAL TO APYEIO TOL
Tapamdve koddika 1ootdduiong (dvoua apyeiov: “ code_isostathmisi”).
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5 diplomatiki_code
File Edit Sketch Tools Help

diplomatiki_code_isostathmisi §

JREQATEAZ I20ITAGNIZHI -
Arploupydg @ Ewwotavtiveg Mmovpyes
#

/% Ta MOSFET mowv owvédouy 1o kifz xzil pe oy ewtioteon LoootdBpuong owvéfaviel pe ple ympLery Bupe 57
int MO0$1=31; /% xwfopLopds Bdpes oty omole mmédetel nomian Tou MOSFET mov mrvégsl v evtioteoy pe to keal 1. H imprexd oot fdpe eAfyyel kel Ty wyond) Tou MOSFET®/
int M0$2=32; /% opolwg yie o MOSFET mou ouwééel v avwiioTeom pe to xedl 2 %7

m

int M0$3=33; /% opolwg yie o MOSFET mou ouwééel v avwiioTeom pe To xedl 3 %/
int M0S4=34; /% opolwg yie 1o MOSFET mou mmwédel  Try awiioTeom pe to xedl 4 %7

void setwp () {

pinMode (MOS1, OUTPUT); /*n Bpe MOSL éniivetel o) £50805, agol avdioye pe Tig owBhxeg Be melpwer oy tum) 0 § 5 VW avolyoxdzivovteg £ToL to MOSFET 7/
pinMode (MOS2, OUTPUT): /*opolwg yie T fdpe MOS5Z +/

pinMode (M0$3, OUTPUT); /* opolwc yie tn Gope MOS3 7/

pinMode (M0§4, OUTPUT); /* opolwc yie tn Gope MOS4 /7

Serial.begin(9600);

}

void loop{) {

4 pEtpnon g Tdomg Tov xdBEr xEAlol

JF I aveAoylrf Bdpy Al mrvdgeTel n £E0d0C TOU TEAESTLEON EWLRUTH mow mvdfetel pe To keAl 1 ke deiywer v tdom tow xeAiod 1 ope evepopd To 0.
(poiwg yio Tug Bipeq AZ,43,44

w

int sensor_Wl=analogRead(Al); //éiepdizl v Téon 0T aveAoyirri O9pe AL

int sensor_Vz=analogRead(B2): //aLepdiel v tdon o1 aueAoyirf Bipe A2

int sensor_V3=analogRead(A3); //8Lepilel v Téon o1 avedoyirr Bpe A3

int sensor_Wd=analogRead(A4); //8LepddzL v Téoy oTn evadoviry Bips Ad

float Vl=gensor_¥1 * (5.0/1023.0): /*petetpémer tov avadoylrd) Topf mov &uepdlel (n omole wmeiveter ond 0-1023) o tuwf téomg (0-5V) %/

float Vi=sensor_¥Z * ({5.0/1023.0);

float Wi=sensor_¥3 * (5.0/1023.0); -
< T

Ewcova 6.7.2.0: Koppdtt To00 KOSIKA 1606TAOHIONG 6T0 TPOYypoppatioTiké wepifarlov Tov Arduino
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KED®AAAIO 7°: Extiunon ¢ Katdotaong
doptiong (State Of Charge-SOC)

7.1 Opropdg Tov SOC

To SOC opiletar ®¢ M evamopévouca yoPNTIKOTNTO EKPPULOUEV OC TOGOGTO KATO0G AVAPOPUS.
Kdamoeg popég avti) n ava@opd €ivor 1 OVOUOGTIKT YOPNTIKOTNTA, OV KOl TIG TEPIGCOTEPES POPES Elval
YOPNTIKOTNTO 7oV €lye KOTA TOV TEAELTOUO KOKAO y¥pnong. Qotdco, N acdeelo. Tov TopPovcldlel M
YOPNTIKOTNTO LT 001YEl TOAAEG POPEC o€ AAOOG EKTIUNGELC.

H mpotipdtepn avagopd yio to SOC glvar  oVOLOGTIKY YOPNTIKOTNTO £VOG KOVOUPLOL KEAOV. Avtd
EMEWON 1 YOPNTIKOTNTO EVOC KEAIOD pewdveTal kKabdg avutd moiowmvel. o mopddetypo, N TPOYUOTIKN
XOPNTIKOTNTA EVOG TANPOS POPTIGUEVOL KEAOV TTPOG TO TEAOG TG Long Tov mpooeyyilet pois to 80%
NG OPYIKNG OVOUOGTIKNG TOL Yopntikotntas. H Beppokpacio kot o fabuog ekpodptiong emdpodv emiong
TEPOLTEP® OTN JOUOPOMOT TNG YOPNTIKOTNTAS. ALTA 1 S0pOopd OV TOPOVSIALETOL OVAUEGH OTIG
ava@opés Yoo to SOC etvan e€apeticd onpavtikn av to SOC nailel to poro TG HETPNONG TOV KOVGIHOD,
OT®G YIVETOL OTIC EPAPHLOYEG TOV OLTOKIVITOV.

Zuvnbmg, N avagopd puétpnong tov SOC opiletar ¢ N y@PNTIKOTNTO TOV KEAOD ekeivn TN otiyun (av
glval TANP®G POPTICUEVO). ZE OVTNV TNV TEPIMTOON, £V TANP®G POPTIGUEVO KEAL, TO 0010 OUMG PTAVEL
010 1€h0g TG Lmng Tov, Ba dbéter SOC ico pe 100% evd 1 xopnTikdTTd Tov B Tpooeyyilel LOAG TO
80% 1TNg OVOLOGTIKTG TOV TIUNG.

7.2 Mé0oodot IIpocoropropov tov State Of Charge

I'a tov Tpocdiopiopd tov SOC ypnoomotovvion dtdeopes néBodot. Mepikég amd avtég e€etducebovon
6€ KEMA GLYKEKPIUEVIC YMIKNG ovotaong. H mepiocdtepeg mot000 Pacilovial 6tnv HETPNON OPIGUEVOV
TapaUETPOV o1 omoieg aAlalovv avaroya pe To SOC.

7.2.1 Apeon Métpnon

H pébodog avtn Ba Ntav wwitepa €dkoAn av 1 pratapio ekeoptilotav pe otabepd pvud. H poption ot
plo pmotopio eivor ion pe To yvOpEVO TOL PEVUOTOC €Ml TOV ¥POVO GTOV Omoio péel. Avotuymg,
TPOKVTTOVV SO0 TPOPANUATO HE AVTO. Le OAES TIG TPAYLOTIKES UTATOPIES, TO PEOLOL EKPOPTIONG dEV Elvar
otafepd oAAd petdvetan kaBmg 1 pratopio ekpoptiletat, cuvnOwS e un ypappiko tpémo. Kabe cvokeun
pétpnong emopéveg Ba mpénet va givar oe BEom va voAoYilel TO OAOKANPOLLO TOV PEVUATOG GTOV YPOVO
mov péet. Agvtepov, N péBodog avtn Paciletal oTnv ekEOPTION TNG UTATAPIOG [LE CKOTO TOV TPOGOIOPICUO
™G POPTIONG TTOV QTN TEPLETYE. LTI MEPLGGOTEPES EPUPLOYES LITAPYEL OvAyKn Ttpocdiopicpov tov SOC
YOPig va ypetdleTal va EKQOPTIOTEL 1| pratapia.

7.2.2 llpocdropiopég Tov SOC péom tng pETPNong Tov £101KoY BApovg Tov NAEKTPOALTY.

Mio pébodoc pécw g omoiog pmopel va ektiunfel 1o SOC tov pmoatapidv pLoAvPoov o&€og elvarl M
pétpnomn tov €W01Ko1 PApovg Tov MAEKTPOAVTN. Avt) opileTol ¢ TO KAACHO TNG TLKVOTNTOS TOV
OLOADHOTOG TOL MAEKTPOAVTN TPOG TNV TLKVOTNTA TOL KabBopov vepol. e €vav TANP®G QOPTIGUEVO
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GLGCMPELTH LOAVPSOL, N TeprekTiKOTNTA 68 Bk 0EL (H2SO4) etvan 36% Kkatd Bapog 1 25% kat' Oyko
Kot 10 €101KO PApog Tov daAvpatog eivar mepimov 1.25 otovg 27°C. Kabbg 0 cucscmpevtig ekpoptileTon
TO €101KO BAPOG TOV SOAVUATOG TOL PELDVETOL KO ETOVEPYETOL OTAV ETAVAPOPTIETAL.

7.2.3 IIpocodropiopdg tov SOC péom g Tdong

H pébodoc avtn Paciletar ot ypnom g téong tov kdbe keAol pe okomd tov tpocsdiopicpd tov SOC.
Ta amoTEAEGUOTO TOIKIAOVY OVAAOYO LE TNV TPOYUATIKY 6TAOUN TG Tdong, T Bepuokpacia, Tov puoud
EKQOPTIONG Ko TN YHpavon Tov keAo0. 't avtd 10 AOY0 TapEYETOL KATOOL £100VG AVTIGTAOLOT, 0OVTMG
wote vo emtevybel 600 10 duvatdv peyarvtepn akpifela. To ypaenua 7.2.3.00 wapovcstalel ) oyéon
UETOED TNG TAONG 0vOLYTOD KUKAMUOTOS KOl TNG EVOTOUEVOVCOG YWPNTIKOTNTOG GE GLVONKES oTadEPNC
Bepuoxpaciog yio Eva kel LoAvPoov 0EEog. Omtmg aivetat, 1 TAoT TOL KEAMOV LEIMVETAL AVAAOYO LE TNV
EVOTOUEVOLGA YOPNTIKOTNTA.

"o

Open corcurt woltage (8Y battery)
Opencecull volags (12V ballery)

70 w0 i) 50 100
Reswdual capacity (%)

Ipaonpa 7.2.3.0: Zyéon T00NG 0VOLYTOD KUKADRATOG KO YOPNTIKOTNTAS Y10 £va KEAM polOPoov o&éog

Qc1000, 0E GLYKEKPIUEVES YMUEIEC pmaTapldv pmopel va Tpokvyovy mpofAnuata. Avtd to TpofAnuato
elvan Wwitepa acOntd otic pratapieg ynueiag Abiov ot omoieg emdekviovLY TOAD HKPN HETAPOA TNG
TéoNG TOVG KATA TOV KOUKAO Agttovpyiog tovs. Xt0 ypdonuo 7.2.3.0 ¢aivoviar ot yopokTnploTikég
KOUTOAES eKQOPTIoNG €vOg kehol 2.3Ah / LiFePO, . Avtég ot xapmdreg eivar wavikég yuo €va kel
kaBdg n Tdon Tov dev peldveTal onuavtikd Kabng exeoptiletal. o tov 110 Adyo dumg, M téorn Tov
KEAL00 anToL dgv amotedel KaBohov kaln £voelén Tov SOC Tov KeAL0V.
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Ipaonpa 7.2.3.p: Kopundres ek@optiong oe Ocppokpocio 25°C evég kehov 2300mAh LiFePO, tg erorpiog A123
Systems

H paydaio ntdom thong katd 1o 1€A0g Tov KOKAOL Agrtovpyiag Ba pumopovoe va ypnoipomomOet mg
EVOEIEN EMKEIPUEVNG TANPOVS EKPOPTIONG TOV KEAOV, WGTOCO GE MOAAEG £QAPUOYEG amotteiton pia o
pdwpn mpocwomnoinomn. H ntinpng ekpdption tov keMdv ynueiag ABiov odnyel oe dpapatikn peimon
g owpkelog Long toug. Eva 1 tdomn tov kelob pmopel va ypnotipomonel yio v €voeiEn tov onueiov
TepraTiopod Asttovpyiog, pio mo akpPng pétpnon eivorl amapaitntn oTig TEPIGGOTEPES EPAPLOYES.

7.2.4 TIpocdropropog tov SOC pe Baon to pedpo (nétpnon Coulomb)

H evépyelo n onoio mepiéyeton o€ pion nhektpikn @option petpiétar oe Coulombs ko givan ion pe 1o
oAOKANpOUO TOV pedpHOTOg ,TO0 Omoio peTaPépOnKe kotd T @OpTIon, ot0 YpoOvo @Optiong. H
EVOATOULEVOLG O YOPNTIKOTNTO EVOS KEAOD UTTOPEL VAL VTTOAOYIGTEL LETPMOVTOS TO PEVLLOL TO OO0 E1GEPYETOL
(pOpTIom) N e&épyetan  (exeOpTIon) OMO TOL KEAD KOl OAOKANP®OVOVTAS T0 otov ypdvo. To omueio
avaeopdg stvar évo mApwg eopticpévo kel ko to SOC Aapfdvetor apapodvtag v kabopn pon
QOPTIONG 0O EVOL TANPMOG POPTIGUEVO KEM. Avth N nébodog, yvaot kot og pétpnon Coulomb (Coulomb
counting), mpoo@épel peyolutepn axpifeia and tig dliec puebodovg pétpnong tov SOC kabmg petpdet
katevBeiav ™ pon eoptiong. Iapdia avtd, yperdletar Ki ot TEPUTEP® OVTIOTAOUION £TGL OGTE VO
ANeOovY vTOY™M o1 GVVONKEG AsttovpYyiag.

IMa ™ pérpnon tov pedpartog ypnoipomotovvtat Tpelg péhodot:

o  Awxladwon pevpartos. Eivor n mo amdn pébodog yia tov mpocdiopiopd tov pedpatos. Baoiletan
oTN HETPMON TNG TTOGNG TAONG 0T AKPO UioG OUKNG avTioTaong VYNNG akpifelag n onoio eivor
GLVOESEUEVT GE GEPA OVAIESH TNV Uratopio Kot To @optio. Avt 1 pébodog pétpnong mpokaiet
pio ehappd ammAELn 10YVOGC, Beppaivel T uratapio kot etvor avakping o€ xaunid pedpato.

e Ot petatponeic Tov @awvopévov Hall dev mapovoialovv 10 mapambved TpoéPAnua ®oTd60 £Yovv
peyolvtepo k60toG. ‘Eva petovéktnua etvat 0Tt €govv HiKpn ovoyn 6€ vymid pedpoTo Kot givot
emppeneic oto 06pvo.
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o Ot aeOnmpec LAYYNTOOVTIOTACE®Y £Y0VV OKOUO VYNAOTEPO KOGTOG OAAG £XOVV UEYOADTEPT
gvailcOnoio kot kaAbTepn gvoTddeln o€ VYNAES Oeprokpaociec amd o1t ot oodnpeg Hall.

H pétpnon Coulomb e€aptdrar amd 10 pedpo To omoio péet amd T pratapio e Eva eEMTEPIKO KOKAMLOL
Kol 0eV AaUPAVEL LTOYT TO PEVLLA AVTOEKPOPTIONG 1 TV KOVAOUTIKNY amddoon NG Umatapiog.

7.2.5 Mpooodropiopég Tov SOC péc® PETPNOEMV TG ECOTEPIKNG AVTICTAGNS

Kotd toug KOKAOVS OPTIoNG-EKPOPTIONG €VOG KEAMOV, 1| chVOES TV €vEPYDV GTOLYEIMV TOV KEAOD
peTaPAAAETOL, KATL TO OTTOI0 £XEL AUEOT] EMIOPACT OTNV ECMOTEPIKN avTioTaon Tov keAov. Emouévac, ot
HETPNON NG €0MTEPIKNG avVTIOTAONG €vOG KeEAMOV pmopel va fondnoet otov mpocsdiopicud tov SOC .
Qo1660, N 1EB0OOG oV TN dev ¥PNOLUOTOLEITOL EVPEMS AOY® TV SVCKOAMY GTN UETPNOT TNG ECOTEPIKNG
avtiotaong kotd ) Asttovpyio kabdg Kot Adym TV petafolmv mov veictatol Adym OeplokpaclokmV
ALY DV.

7.3 Emilhoy1] 0AOKANPOREVOV KUKAMDUOTOS Y10 TOV TPOSoopiopnd Tov SOC

7.3.1 Ewcayoy

O @optiotig Tov uroatopiov LiFePO, oyedidleton £tol dote vo £xel T duvoTOTNTO VO VITOAOYILEL TO
eminedo @oOptiong Tov uroataplov. Kdatr tétoto pmopel va yiver ypnoipomolidvtog Eva 0OAOKANpOUEVO
KOKA®po To omoio epapudletl pe pueydin oxpifelo ko a&omotio ™ péBodo tov petpnry Coulomb. H
EMAOYN TOV KLKADOUATOG avTo¥ yivetar amd v gtarpeion MAXIM. To cvykekpuévo chip mov umopei va
ypnowonomBei etvon to DS2788, to omolo petpdet v téom, T Beppokpacio kol o peda £vOG KEAOD
ynueiog Li-ion kot vroloyiler to SOC. Emiong, péom tov potokdAlov emkowvoviag 1-wire® pmopei va
EMKOWVOVEL QUECH PE £VOV MAEKTPOVIKO LITOAOYIGTY] KO VO HETAPEPEL GE ALTOV, OAQ TO. GTOLXEIDL TOV
battery pack, 6cov agopd tv tdom, to pedua Kot T Oeppokpacio Tov. Mg avtdV TOV TPOTO VITAPYEL
TANPNG EMOTTTEIN TG POPTIONG KOL TNV KOTAGTOCNG TOV KEAMMV.

7.3.2 Agrtovpyio ko yopokTnproTikd Tov DS2788
[Mopokdto cuvoyilovtal Ta KLPLOTEPQ YUPUKTIPLOTIKA TOV OAOKANP®UEVOL KukAmpatog DS2788 :

o Axpng pétpnon g Taong, e Oeprokpasciog Kot Tov PELUATOS TOV VO LETPNCT GUGTILLATOG.

e  YmoAoywopdg TG amOALTNG Kol OYETIKNG YOPNTIKOTNTOG AouPdvovtog vmdyn 1 pérpnon
Coulomb, tov Babud exedptione, ™ Bepuokpocio kot To 1WO1HTEPA YAPAKTNPIOTIKA TOV KEAMDY
™mg pmatopiog.

e [Ipoedonoinon o mepinmtmon yauning t@ong tov battery pack.

o  AwnBétel avTONOTO KAMUTPAPIGHO KEPOOVG KL £TGL €ival SLVOTN M XPNOLOTOINGTN AVTICTACE®DY
(Rsense) pkpol KOGTOVG.

Ol o dedopéva Tov GUAAEYOVTOL KO YPTCLLOTOOVVTOL Y10 TOVG VITOAOYIGHOVG amodnKevovIaL GtV
evoopatopévn EEPROM. Eniong, ot mAnpogopieg mov amattovvtal yio Tov Tposdlopicid Tov taitepov
YOPOUKTNPIOTIKOV TOV KEAMMV, TNG TACTG KOl TOV PEVUATOC POPTIONG Kol TNG YOWPNTIKOTNTAS E1GAYOVTOL
and tov ypnotn. Ta dedopéva ovtd amodnkedovior o€ kotaywpntéc g puvnung tov DS2788. H
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TPOGPOoT GTOVE KOTOX®PNTEG AVTOVG TTapovotldleTon oty evotnta mov axoiovBel. H Asttovpyia tov
KGOe katoyopnt mapovoidletar avaivtikd oto datasheet tov DS2788 oto téhog TG SUTAMUATIKNG
(ITAPAPTHMA oe¢h. 147)

TOP VIEW

e[ 1] 14 | Le03

Lot [ 2 13| LED4

Dvss [ 3 12 | LED5

ANAAMN

Von [ 4 | 162788 31 ]P0

o [ 5 10| Viy
5 Vss [ 6 | ERER

[ 7 3 ] vma

TSSOP

Ewéva 7.3.0: DS2788 ICchip

To block didypappa tov DS2788 mapovcialetor otnyv ikova 7.3.2.6.

Voo ‘L I T
EN BIAS/VREF TIME BASE LD
fon — =

LED
- DRIVERS LED2
| | LED1

(I DVss
”“ e s W ] e
o CONTROL |, AND
VOLTAGE
ADC VMA
> Vin
EEPROM <}:{> 17
L_| RATEAND
ACCUMULATED TEMPERATURE
MAXINVI @ CURRENT || COMPENSATION
DS2788
-® CURRENT ADC
SNS 15-BIT + SIGN Ve

Ewova 7.3.2.8: Block dwaypappe Tov DS2788

To tomikd Aettovpywkod didypappa tov DS2788 napovoidleton oy gwcova 7.3.2.y.
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45V
REGULATOR
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LA &4 L £:08 £44 [1 DISPLAY
boA 200 200 L2041 — 1 7
LED2

LED3

oy MAAXLAA VA
- pszrge - Vm
LED5 ovD

N-CELL
Li+ BATTERY

(N-1)RQ

(]
Voo

oo ——

DVgg

[
| PROTECTION !
I CIRCUT !
L _ _I

SNS Vss

Rsns

Ewoéva 7.3.2.y: Asrtovpyikoé dwaypappa tov DS2788

Kabmg to vrd pelétn battery pack amoteleiton and pio cvototyio T€660pmV KEMOV, GTO TAPATAV®
Aertovpyikd ddrypappa torobetodpe 6mov R pia avtiotacn 100kQ kot OEtovpe 6mov N = 4.

7.3.3 Xpnon tov DS2788

7.3.3.1 Eykotdctacn kot 6vvoest TovDS2788 ne tov vroioyiot

[Tpokepévouv va ypnoomoindel anotedecpatikd to DS2788, amoatteital mpdTa 1 £YKATAGTAON Kot M
ypnoomoinon tov DS2788K Evaluation Kit. To EV Kit givar pio avamtvuéoky mlat@opuo HEGH NG
onoiag mpaypatonoteiton n avartvén tov software tov DS2788 kot n ontikonoinon kot a&loAdyNoT TOV
emdocewv. To DS2788K mpocpépet mAnpn €heyyo OA®V TV AEITOLPYIOV TOL OAOKANpwuéEvovr DS2788.
Méow t0V TPOGIOPIGUOL Odpopwv TapapéTpav, mpocapudletor KaBe @opd m Asrtovpyio. TOL
OAOKANPOUEVOL OVAAOYO LE TOV aplOUO Kot TO WO0ATEPD YOPUKTNPICTIKA TV KEMOV TG KAOe pmotapiog
. Anhadn, péoa and to DS2788K divovtor ot amapaitntes THéEG 6TOoVG Kotaympntég tov DS2788 ko
TOPOVCIALOVTOL TO ATOTEAECUOTO TOV LETPT|CEDV.

[Topaxdto Tapovotdlovtal KATOEg EIKOVEG CYETIKA UE TN TIG BUpeg emkovaviag Kot T 6OVOEST TOV
DS2788Kue to battery pack kat tov poptiot.

nB+

QO Qe

Ewoéva 7.3.3.1.0: Ovpeg emkowvoviag Tov DS2788K
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Ewova 7.3.3.1.p: To DS2788K

Power
= Supply /
] B Battery
% * n [+ Charger
m ~ A
o
> E BATTERY
3z
"8

- .O0—b

o

=

-0

Ewcova 7.3.3.1.y: Xovdeon Tov DS2788K pe 1o battery pack kot tov gpoptioti.

Méow tov DS91230 USB Adapter, o ypnotng umopei va yepiotel to DS2788K péow miektpovikon
vroAoyloth. v €wkova 7.3.3.1.8 mapovoidleton to DS91230.

Ewcva 7.3.3.1.6: DS91230 USB Adapter.




Enopévmg, 10 DS2788K cuvdéeton péow tov RI-11 pe t0DS91230 kot avtd pe ™ 6€1pd ToL GUVOEETOL LUE
TOV NAEKTPOVIKO VITOAOYIOTN.

‘Enetta, péom tov 16TtdTomov. WWW.maxim-ic.com , yivetot to «katéoouoy Tov AoyIoukod HEG® TOL
omoiov yivetar 1 dwayeipion tov DS2788K. Tt cuvéyea eykabiototon To AoyIoHIKO Kot givat £TOLHO Yo
TIC omapaitnteg puOuicelc cvvoeong.

[Topaxdatw eaivetor 1o Tapdbuvpo mov epeaviCeton otav emiéyeton  60vpa USB oty omoia elvan
ouvvdedepévo to DS2788K (uéom tov DS91230).

= Select Preferences g@@
Port Number 1 —

Port Type USB =

OK ‘

Ewova 7.3.3.1.e: Emloyi 00pag 6ovdoeong tov PC pe to DS2788K

7.3.3.2 Mgvo? Tov TpoypappaTog
Ynrdpyovv d1apopa. Levoy Ta 0oio Kavouv 1o 0KoAN T xpnon tov software tov DS2788K. H
Agrtovpyio TOL KOOEVOC TEPLYPAPETOL TOPOUKAT®. ZVVOTTIKA T LLEVOD TTOL VILAPYOLV EIVOL TO TOPAKATOD:

e FILE MENU

e REGISTERS MENU

e STATUS REGISTER

e 1-WIRE SPEED MENU
e PREFERENCES MENU
e HELP MENU

Ta mopamdve PevoDd apopovy T cLVOESN TG GLGKELNG Ke Tov H/Y kabdg kot oty enifreyn TV TILOV
7oV Taipvovy kdbe otryun ot Kataympntég Tov DS2788. H Asttovpyia tov kdbe pevod mapovcidletal o
avolvTikd oto datasheet Tov vdpyet oto téhoc g dumhmpotikng (TAPAPTHMA oel. 181).

7.3.3.3 Kaptéhes TOL TPOYPAPPATOS
Oleg o1 Aettovpyieg TOL TPOYPAUIOTOS KATOVELOVTOL GE TEGOEPIS KAPTELES GTO KEVTIPIKO TAPABVPO TOL
npoypappatos. Ot koptéleg avtég stval:

¢ Real time tab- ITepiéyovtar 6Aeg o1 petpioelc mov mpaypatonolel to DS2788.
e Parameters tab- O ypnomg éxet pdcPoomn ota ototyeio. tTng EEPROM.

118

——
| —



e Memory tab- [Topovcidlovtar kot divetal 1 SuVOTOTNTO AALAYTG TOV TEPIEXOUEVMY TOL KAOE
KaToympnTn Ko 0Eong pvnung oto ecmtepkod tov DS2788.
e Datalog tab- Aivetou n Svvatdtta oTov Yprotn vo anobnkevoel real-time TAnpogopiec o€ £va

apyelo Kot voL O€L aVTA T EGOUEVH GE YPAPIKY| LOPOT).

H ka0 kaptéha mapovstdletal o AETTOUEPDS TOPUKAT®.

REAL TIME TAB

H xaptéha avti yopiletoar og d0o empépovg kaptédeg - Parametric data tab xow Fuel Gauge data. Xtnv
npwTn TEPLEYovTan OAeg ot real time petpnoeic mov maipver o DS2788 evd 1 dedtepn KopTtéda TEPIEYEL
OAeg T1g TIES mov vroAoyiler o DS2788. Tlapakdtw @aivoviar ot dV0 aVTEG KAPTEAES OTWS PaivovTal

GTOV YPNOTN.

DS2788K 9[(=1[c3]
File Registers 1 Wire Speed Preferences Help
Real Time 1 Parameters It Memaory i Log Data
Parametric Data I Fuel Gauge Data |
Voltage Current Temperature

3.7891 Volts 0.0000 mA
Aver urrent
0.0000 mA
{_CurrentOffsetBias
RSense: 20.00 mOhms
5 LED Display

854.3750 mAhr

SetACR

Acc Bias

Set PIO bit

PIOPinis: Low

228750 C
73175F

Ewéva 7.3.3.3.a: Parametric Data Tab
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DS2788K [(=0t3]

Fie Registers 1 Wire Speed Preferences Help
Real Time T Parameters T Memaory T Log Data

l

Parametric Data

Levels Flags
Full 1135.07 mAhr O Full Charge

: O Active Empty
Active Empty 15.64 mAhr O Stand-by Empty
Stand-by Empty  2.30 mAhr O Leam
Capacities O Under Voltage
RAAC 838.4 mAhr O Power-On-Reset
RARC 75 %
RSAC 851.2 mAhr
RSRC %%
Scalar

Update 100.0000 %

5 LED Display

Ewova 7.3.3.3.p: Fuel Gauge Data Tab

PARAMETERS TAB

H xoptéla avt) diver mpdofacn oe OAeg TG TOPOUETPOVG TTOL VIApyovy oto memory block g
EEPROM. XwpiCetar oe Application Units tab kou Device Units Tab. H xaptéla Application Units
Topovoldlel OAES TIC MAPAUETPOVS € pHovades omwe MA , mAhr kot Volt. H xaptéla Device Units
eQapUOLel TOLG VIOAOYIGHOVG OV €ival amapaitnTn , £T01 MGTE VO TOPOVGLUGTOVV T OEOOUEVA GTNV
kaptéra Application Units. IMapaxdto eaivovtat ot 600 Kaptéreg OTmG Gaivoviol GTov ¥pNnoTh.
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FEile Registers 1 Wire Speed Preferences Help
Real Time T Parameters T Memaory T Log Data
Application Units ] Device Units (Read Only) |

Temperature (C) | 0 [ 10c [ 200 I |
Full {mAhrs) 1016 | 1060 | 1098 [ 1190 | 1214
Active Empty (mAhrs) &8 | e | w® | 15 | &
Stand-by Empty (mAhrs) | 23 | 7 | 3 | 2 | i}
Charge Woltage (V) 41382 Rated Cell Capacity (mAhrs) |1 220.00
Terminating C t (mA] —_—

erminating Current (MA) 80.0 Accurulation Bias (ma) 0.0000

[r— Ci t Offset Bi A, R
Active Empty Voltage (V) 30061 ument Offset Bias (mA) 1.71875
Active Emtpy Current (may) 420 Control Register | 00k
. Read Factory RSGAIN
Sense Resistor (mOhms |
¢ ) 20.00 Read Factory VGAIN ‘
RSGain 1.02637
L 0.99218 ‘rite & Copy ‘
LSRR [0 Recall & Read ‘
Save SetlUp | Load Setup Load Default Set Up ‘

Ewova 7.3.3.y: Application Units Tab

File Registers 1 Wire Speed  Preferences  Help
Real Time T Parameters T Memaory T Log Data
Application Units | Device Units (Read Onky) |
BOh: Control | 00h 70h: AE Seq_4 Slope | 05h |3g5 ppm
: 71h: AE Seg_3 Slope 02h 122 ppm
Blh: AccB
cc Bias [ 00h [0.000000 mYv 72h: AE Seg_2 Slope 11h [1038 ppm
62/63h: Capacity [ oF4oh [e4.40000mvhrs 73N AE Seg1Slope | 27n 2380 ppm
B4h: Charge Voltage | E&h |4.1 3824 74h: 5E Seg_4 Slope 01h |1 ppm
B5h: Charge Current | 20h |1 B0myv 75h: SE Seg_3 Slope 02h 122 ppm
76h: 5E Seg_2 Slope
66h: AE Voltage | 4Dh [300608V 77h: SE 893_1 smEe ?:: 132:; o
B7h: AE Current | 2ah [g4mv ) B il
) 78/79h: RSGAIN 41BR |1 7
B8h: Active Empty 40 | 05h |0.0045828 | 0418h ]1.0263
7Ah RSTC
B3h: RSNSP [ 32h [20.0000 mOhms | oo o
7Bh: Curr Offset Bias ECh |-0.031250 my
BA/BBh: Full 40 [ OF2Dh [24.28125 mvhrs | j "
BCh: Full Seg_4 Slope | 0Dh {793 ppm ;g: —'II—'?:; | 14n [ZD c
BDh: Full Seqg_3 Slope | F7h |16076 ppm ' | UAh |1E| C
BEh: Full Seg_2 Slope | 33h 3113 ppm 7
BFh: Full Seg_1 Slope | 3Bh [3601 ppm TE47FRVGAIN | F803h |U-EIEIZIB
Recall & Read ‘

Ewéva 7.3.3.3.6: Device Units Tab.
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MEMORY TAB

H kaptéla memory tab diver tpdoPaon ota 32 bytes tng SRAM «oun ota 48 bytes tng EEPROM oto
eowtepkd Tov DS2788. ITapaxkdtm Qaivetor 1 oYETIKN KOPTEAL.

Fle Registers 1 Wire Speed Preferences Help
Feal Time T Parameters T Memory T Log Data

00n-0Fh| 10n-1Fh| 20h-2Fh | 60h-6Fh | 70n-7Fh| NetAddress|

EEPROM Block 1 : 60h-7Fh

Descripton Address Descripton Address
Control 60h 00h AE 40 B8h 05h
Acc Bias E1h 00h RSNSP 63h 12h
Aging Cap MSB 62h 0Fh Full 40 MSB BAh 0Fh
Aging Cap LSB 63h | 4on Full 40 LSB 6Bh | 2Dh
Charge Yoltage B4h EAh Full Seg_4 Slope 6Ch 0Dh
Charge Current B5h 20h Full Seg_3 Slope EDh E7h
AE Vaoltage 66h 4Dh Full Seg_2 Slope BEh | 33n
AE Current E7h 24k Full Seg_1 Slope BFh 1Bh
Read ‘ \Write ‘
Recall ‘ Copy ‘

Permanently Lock EEPROM Block 1 ‘

Ewova 7.3.3.3.¢: Memory Tab

LOG DATA TAB

H xoptéra log data tab enttpénerl otov ypnotn va det o ypagpnpata tig real time petpricelg mov maipvel to
DS2788. Yrdapyovv Eexmplotég vmokapTtéLEG Yo TNV Téon, To pedpa, T Beppokpacio Kot T OPTIOT TNG
umatopiog. Kabe ypaonuoa mpoPdiet to tedevtaia 500 onueio mov cviiéydnkov and to software tov
DS2788. H ddpkelo katd v omoio mpoypatonoleitor 1 derypotoinyio pmopet vo gtdoet kot ta 15
Aentd. [opakdto eoiveTal 1 oYeTIKn KopTéELQ.
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File Registers 1 Wire Speed Preferences Help
Feal Time T Parameters T Memory T Log Data
Voltage] Current] Temperature I Accumulated Charge Logto File |
Filename: |c:\D82?EIBK_datang bet
Time Yoltage Current  AwveCurrent Temp ACR Full AE SE
1:52:45 Pid 3.789 0.000 0.000 22875 854375 11350710 1656352 2.2971 83
1:52:45 Pid 3.789 0.000 0.000 22875 854375 11350710 156352 22971 83
< >
Sampling Interval 1 Second ﬂ Clear Graphs

Ewova 7.3.3.3.0: Log Data Tab

7.3.4 Lovoyn
2TIC TOPOTAVE EVOTNTES TOPOVGLAGTIKE TO OAOKANP®UEVO KOKAUo DS2788 ko peletnOnke  obhvdeon
ToL pe 1o battery pack kot tov poptiot ToL.

Méow tov DS2788 kau g mhokétag DS2788K mpaypatomoteitan pétpnon g téong, Tov pepuaTog Kot
™¢ Oepuoxpaciag tov battery pack. Me ) ypnowonoinon tov DS2788K vrdpyet onticomoinon péom
H/Y g Aertovpyiag kot Ohmv tov mapapétpov tov battery pack. H kvupiotepn Aettovpyio mov emitelet
etvan 611 vroroyiler a&domota to State of Charge tov battery pack kot padoto Aappdvovtog vadyn v
ToAoimon TOV KeMOV. Avtd yivetor KaMpmpdpoviog kabe @opd péom software to emimedo péyromg
@OpTIoNG Tov battery pack.

Mia emmpochetn Aettovpyia mov emtelel to DS2788 givar ot petpder ) Oeppoxpacio tov battery pack.
Méow tov DS2788K mpoBdAilovtatl ot Tipég Beproxpaciog.

Téhog, o DS2788K Swnbéter mévie LEDS 1o omoia avafouvv avdloyo e To eninedo epoptiong Tov battery
pack.
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7.3.5 Ilapovoioon evarlokTiKig pe@doov gvpeong tov SOC

2T TOPATOVE® EVOTNTEG TOPOVCIUCTNKE 1| EYKATACTOON €VOG OAOKANP®UEVOL KUKAMDUOTOG TO OTOi0
petpdet to SOC tov battery pack péow g pétpnong g téong, tov peduatog Kot g Oeppokpacioc. o
™mv axpipela, n pébodog mov ypnoponoteitar eivar  pétpnon Coulomb.

Qot660, vINPYe N duvatodTTo GYedlaon evOg OmAOD KUKADUATOG Yo TN METPNON TNG KOTAGTOONG
QOPTIONG TNG UTATOPIOG, YMPIG VO amonteitan 1 ¢p1oN KATO00 OAOKANPOUEVOL KUKAMLOTOC.

‘Eva t€1010 KOKAOUO amotedeiton amd pio ovtiotaon UKpng TG, Rsense, N 0T0la GuvOEETOL O GEPE e
1o battery pack. Ta dxpa ovTfg TG AVTIOTOOTG GLVOEOVTOL GTOV LUKPOEAEYKT O OTTO10G LETPAEL GUVEYELN
v téong . ['vopilovtag v tdomn Kot v avtiotaon ™S Rense LTOpel va vTodloyioTel TOAD €0KOAN TO
pedLo. To omoio dlappéet To battery pack péom g oyéong :

] = Rsense

RSBTLSE

‘Emeta, péow tov pukpogheyktr| ot Tpég Tov I amodnkevovror 6t Pvipn Kot OAOKANP®OVOVTOL GTO XPOVO.
Me avtov tov tpoémo vroAoyileTor 1 TocdTTA TOV POPTIOV OV £lGépyeTon N e€EpyeTon amd to battery
pack kot emopévac 1 KaTdoTao EOPTIONC.

[Mapora avtd, n péBodoc mov HOMG TEPLYPAPNKE EXEL £V LEYAAO UEOVEKTNUA TO OTOi0 TNV KaO1oTA
apketd ava&omot. To pelovéktua avtd Eykeltol 6To YeYovog 0Tt | OUKY ovTiotaon Rsensedloppéetan
amd TO PELUO POPTIONG, 1| TO PEVUA EKPOPTIONG, TO OTOI0 EXEL OPKETA PeYAAN Ty (évg 3 AmPS yio )
@option). Avtd €xel ¢ amotélecpa, 1 avtictoon avt va Beppaiveror. H avénon g Beppokpaciog Exet
eMIdpAOT GTNV TYWN TNG OUIKNG AVTIGTAONS KL £TG1 0 VTOAOYIGHOG ToL I pmopet va dtapépet o idteg Tipég
tov V.

Ed® mapatnpeiton kot o peydio mieovéktnpa mov mapovctdlel n xpnomn tov DS2788, 10 onoio petpdiet
™ petaforn g Bepuokpaciog kat Tpocapudlel avaroya tovg vroloyicpuovg Tov Stateofcharge.
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Kepdiato 8° : Atakomn tne Poptiong

8.1 Ewoayoyn

210 KePdloo avtd Ba mopovclacTtel 0 TPOTOC e Tov omoio Bo otapatdel n eopTion. ['evikd, vapyovv
000 AOyo1 Yo Tovg omoiovg teppatiCeton 1 eoOpTIong ¢ uratapiag. O mpdtog Adyog eivon 6t N pmatopio
€xel POPTIOTEL TANPWG Kot 0 deVTEPOG AOYOG elvarl Ot cLVEPN KdAmolwo pn emBountd yeyovog, Ommg M
avénon g Bepuoxpoaciag tov battery pack | n veépfoon tov opimv tdong amd kamwolo ke

8.2 Teppoatiopnog @opTionS AOY® eniTEVENS TANPOVS POPTIONG

‘Evag amd toug Adyovg yio Tovg omoiovg dtokOmTeETOL 1 QOpTIong piog pmatopiog givor n emitevén g
TANpovg eoptions. Qotdco, ywo. va Bewpnbel pio eoption ®g mANpPng OBa mpémer va peietnBovv
TPOCEKTIKA TO. 1O10HTEPQ YOPUKTNPIOTIKA TOV KEMOV TG uratapiog kabdg kot n péBodog eopTIoNg mov
akoAovOeitat.

‘Eva kel Iovtov ABiov LiFePO4 @oprtileton pe teyviky CC/CV ota 3A/ 3.6 V. Avtd onuaivel 0t
eoptiletar pe otabepd pedpa 3 AmMps kot 6tav 1 téorn tov etdoet ta 3.6 V, 10te 10 pevpa apyiletl vo
HEIOVETAL oLVEYXDG £TGL MOoTE Vo dtatnpnbei n téon otabepr ota 3.6V. H @dption otapatdel dtav to
PELLLOL POPTIONG UNOEVIOTEL .

Emopévmg, o tepploticpdg eoptiong Adym emitenéng mAnpovg eoptiong yivetal pe puokd tpdmo. AnAadn
dev yperaleton vo eTEUPEL KATO10G EAEYYOG Y10 VO GTAUATNGEL 1] POPTION.

Ed® a&ilel va avapepbel 0TL otV TEPITTOGN TOV VIO LEAETT] POPTIOTY|, AVAAOYO LLE TO EMIMEDO POPTIONG
G UmaTopiog TV TE66apav kKelmv, avapovv ctadtakd ta 5 LEDS mov Bpickovtar mdve oty miakéta
tov DS2788K. Otav n pdption teletdosl, SnAodn 6Tav 1 urotopio PTAcEL TO EMITEO TAPOVS POPTIONG,
tote avapouv ko ta wévte LEDs.

8.3 TeppaTiopnos eopTions A0y vrepOEpRAvVONS

8.3.1 Ewsayoy

‘Evag dALOC AOYOG Yio TOV OTOi0 TPEMEL VO CTAUOTNOEL 1] OPTION TNG Uratapiog eivar 1 vrépPaocn tov
opiowv Bgpuoxpacioc. [pdypatt, Adym pnyovikng koatomdvnong evog keAov g pmatapiog, €ite Ady®
dvuopevav cuvinkodv tepifarlovtog, vadpyetl tepintmon vo. avéndel n Beppokpocio oto battery pack. Xe
QLTNV TNV TEPITTMOOT), TPOKEYEVOL VO TPOGTATEVTEL 1] UaTtapio, TPEMEL va. S10KOTEL 1| OPTION).

To 6pro Beppokpacioc mave and to omoio Ba TPEmeL va SAKOTTETAL 1| POPTIOT| TPocsdlopileTan and Ta
TEYVIKA YOPOKTPLOTIKA OV OiVEL O KATOOKEVLOOTNG TOV KEMAMV TG pratopiog. Ta keld yio ta onoio
yivetor n peAémn eivan ta ANR26650 1t etoupiag Al23 Systems. Onwg oqaivetor ota TEXVIKA
YapoKTNPIoTiKG Tou¢ (0el.51), ta Beppokpactakd Opio Aettovpyiag eivar -30°C €mg 60°C. Emopévamc
otovg 65°C Ba Srokomteton  @optTion pécm Tov ovoiypatog evdg Swaxdmtn. O Sokodmng avtdc Ha
GUVOEETOL GTOV KAAMILO POPTIONG TO 0010 GUVOEETAL [LE TOV OPVNTIKO TOAO TNG UTOTOPIOG.
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H aviyvevon g vrépPaomng tov opiov Bepuoxpacioc pmopet va yivel pe 6000 tpomovs. Eite
XPNOLOTOLDVTOS £V OAOKANPp®UEVO KOKA®Ua PETpNoNG Beppokpaciag, ite péow evog thermistor ce
ocvvoecporoyia yépupag Weatstone. Iapoakdto B avarlvBodv tepattépm ot 600 aVTEC VAOTOMGELS.

8.3.2 Aviyvevon vrepBippaveng pEcm 0AOKANPOUEVOD KUKADNATOG

8.3.2.1 Ewocayoyn

H aviyvevon vmepBépuavone tov battery pack kot 1o dvorypo evdg dtakdémtn pmopei va yivet
YPNOLOTOIDVTOS VO OALOKANPOUEVO KOKA®p péTpnong Bepuoxpacioc. To cuykeKpUEVO OAOKANP®UEVO
KoKAopo Tov Ba ypnopomondel etvar to TMP36 g etoupiog ANALOG DEVICES.

To meovéktnpo g xpnong avtod tov chip évavtt g xpriong evog thermistor ivor 6t 1 Ogppoxpacio
petatpénetol omevbeiog oe niektpikd onua. ‘Etol, dev yperdletor n yprion evog emmAEOV KUKADUOTOG TO
omoio Oa petatpémer 1 pétpnon Oepuokpaciog oe mAekTpikd onuo. Me oavtév tov TpoOmo yivetan
€E0KOVOUN O™ YOPOL EVA KOl TO KOGTOG TOPAUEVEL GE EEAPETIKA YOUNAG ETITED L.

ToTMP36 &yst akpipeia +£2°C yia gbpoc Beppokpaciav -40 £mg 125°C. Enopévag, eivar davikd ya tnv
o pedétn epappoyn. Emiong, 10 ovykekpuévo chip Ba ypnowomombei oe ocvvdvoopd pe Ttov
UIKPOEAEYKTT] TOV POPTIOTY].

INa v okpifeto, o pikpoereyktmgc Arduino o déxeton Tig petpnoelg omd to TMP36 kot 6tav vdpyet
vrepbéppavon, O eréyyel éva mosfet to omoio Oa Aettovpyei wg dakdmtng. Otav vdapyet vaepHEpuaveon,
N eoption OBa dakdmteTon, evd Otav 1 Oepuokpocio mTEETEL oTOL emTpentd Opta, toTE TO MOSfet Oa
Aertovpyel oav KAEloTN emaen Ko 1] eOpTion Ba cuveyiletar.

8.3.2.2 Xvvoeon tov TMP36 pe tov Mikpogheykti
To oloxinpopévo khkimpa mov Ba ypnoiponombet paivetar oty ewova 8.3.2.2.0.

.

3-Pin TO-92
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Bottom
View
1
Voo Vout GND

Ewova 8.3.2.2.a: TMP36
H o0vdeon pe tov pikpoereyktn Oa yivelr og e&ng:

e To Vppovvdéetar pe to pin 5V ov vrdpyel otov Arduino
e To GND pe to pin GND mov vrépyet otov Arduino
e To Vout pe to pin A8 (analog pin)
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8.3.2.3 O TpoypuoppaTICHOS TOV PIKPOEAEYKTI

[Mpokepévov 10 TMP36 va emtelel v emBountn Acttovpyia, Bo Tpémet va ypagel 0 KOTAAANAOG
K®dwkag otov Arduino. I'o v akpifeta, o kddkag Oa ypopel 6To TPOYPAUUOTIOTIKO TEPPAALOV TOV
Arduino kot énetto o TEPAGTEL GTOV LUKPOEAEYKTT.

O kmodKag eivor o akdAovBog:

//Anuoupyoc: Kwvotavtivog MmoUpxog

inttemperaturePin = analogRead(A8); /* o MikpogAeyktng dtapalel To orjuo tou TMP36
arnd To avaAoyko pin A8 to omoio cuvdéetal e to Vout (sense)

n avaluon eivat 10 mV / degree centigrade

(500 mV offset) yla va untdpyel wg emAoyn Ko apvnTIkEG Bepuokpaoisg */
voidsetup()
{

Serial.begin(9600); //=skwvdel n oslplakr) cuvdeon pe tov H/Y

pinMode(40,0UTPUT);/*6nAwvw otL to PndLakd pin 40 Ba Asttoupyei wg £€0bog */
}

voidloop() // apyxileL o Bpoxoc emavaAnng
{

floattemperature = getVoltage(temperaturePin); /*AauBdvetal n tadon and tov alebntripa Osppokpaociac*/

temperature = (temperature - .5) * 100; /*6nuoupyw to offset twv 500mV otnv avdAuon £T0L WOTE va EXW Kat
apvNnTIKEG Beppokpaoisg */

if (temperature>65) {digitalWrite(40,LOW);} /*6tav n Bepuokpaocia Eemepdoel Toug 65 Pabuolg, tote Sivel OV
oto pin 40 to onoio gival cuvdedepévo pe to mosfet/Bondntikn emadn*/
elseif(temperature<65) {digitalWrite(40,HIGH); /*yi.o Ospuokpacia kdtw Twv 65 Babuwv divel 5V otnv £€060
£€tolL wote va dlatnpeital kAswoti n emadn) */
¥

/*to degrees ((voltage - 500mV) * 100) */
Serial.printin(temperature); /*mpoParAetal n T tng Bepuokpaociag otov serial monitor tou
nipoypappatiot tou ARDUINO */

delay(1000); //avauovr evdc sec yia va emavoinedBsi to LOOP

}

floatgetVoltage(intpin){

return (analogRead(pin) * .004882814); /*petatpornn Pndrakwy Tpwvo - 1023ce avaloyikeg Tipég 0 £wg 5 volts,
dnAadr ADC*/

}
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O mopamdve KOSKOG LETAYAMTTIOTNKE EMTLYMOC. XTNV €1KOVA 8.3.2.3.0 paivetal 0 KOOKOG OTwg
TEPAGTNKE GTO TPOYPOUUATIOTIKO TEPIBAALOV Tov Arduino (o kddkog tepieyetal 6to CD pe ovopocio
“code_thermokrasia”).

kodikss thermokrasies | Arduine 10 HETEE. T e e o e e - Y i T B

|File| Edit Sketch Tools Help

kodikas_thermokrasias §

JranuLoupyes: FuveTeviives Moodpwuct/ e

fint vemperavarebin = mialocRead(A8): /% o MixpozhEviTic SLBECEL To Gfu ToUTHPIS
ené 1O GURACYLEG pin AS To omolo sUvEZETel pE To Vout [sense)

1 wvdivon siver 10 w¥ / degree centigrade
(500 wV offser) wiw wo umdpxel wf EmLA0YY rel wpvnTirEs BEpuompasieg TS
woid setw()

{
Serial.begin(9600); /7 ZExiwislL n oeLpLemd mvezom ne Tov HST TS

I

pinMode (40,00TPUT); /7 énadve 6TL 1o UmeLexd pin 40 8o AzLtowpvel wg £fodog =/
}

void loop () Jf uprlger o ppdyos smavdirmimg

{

float temperature = getVoltage (temperaturePin); /Tioppdustel 1 Téem emd Tou eleBnTApy Beppoxpasiegts

temperature = (temperature - .5) * 100;  /TEnpLovpyt To 0ffset Twu SOONV oW wvEAUMN ETOL GOTE VT Exw REL apuyTLRES BEppoxpesiog T/

if (temperature65) {digitallirite(40,HIGH):) /7étev n Scppoxpesie femepdozi Toug 65 padpovs, TOTE SLVEL SV oTo pin 40 To omnio siuel CUUAEAEEWA P To mOSfet/BonAnTLRN EMEPHT/
else if (temperature<s5) {digitalWrite(40,LON);  //yln Beppoxpesic ndtw Tew 65 BeBudv Alvel 0 ¥ omy éEedo) L
Y

/7to degrees ((voltage - S00MY] * 100) */
Serial.println[temperature) SmpopdAlETaL noTUM TG Bsppoxpesieg oToy Serial WOMitor ToU MRCYIIATLOTH Torr ARDUTNOD ®/

4e1a¥{1000) F/avanov Evég sec vl we emewsAngeel To LOOP <

Ewova 8.3.2.3.a: O kddkag shéyyov Oeppokpacios oto Tpoypoppotiotiké repifariov rov Arduino

8.3.2.4 Xvuvoeoporoyia O10KOTNGS TNS POPTIONG

[Mopandve mwapovsidomke 1 oOvdeon tov TMP36 pe tov HKPOEAEYKT KOl O TPOYPUUUATIGUOS TOV
LIKPOEAEYKTT €101 MOOTE VA SOKOTTETOL 1] POPTION GE MePimT®OT vVIepBépovong. Xty ewkdva 8.3.2.4.a
napovctaletar 1 oHvdeon tov acOntpa TMP36 pe tov pukpoeneéepyoot. Emniong gaivetar n ocvvoeon
tov N-channel mosfet pe 1o kah®d0 @EOptTione kot tov pikpoemeEepyaot). Na onuewwbei ot
ypnowonoteital pio opkn avtiotaon 100kQ yo ) odvdeon g TOANG pe T yeiwon €161 dote To Mosfet
va Aettovpyel oav avolktdg S1oKOTTNG dTaV OEV TOV diVETUL KATOL0 TAGN GTNV TOAN TOV.
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+ BATTERY PACK - [ [

L n5\-’
uGND %
Digital pin 40 O
L, 3100kQ a c
_._'_| >
@)

TPO®OAOTIKO
CC/CV

Ewova 8.3.2.4.0. : Xvoeon TMP36 pe To kOkLopa @opTiong

8.3.3 Evailaxtikn péBodog aviyvevong vrepOéppavong

‘Evac aAAog tpdmog aviyvevong vrepfépuavong e puratapiog eivar péow g yprong evog thermistor. Ta.
thermistors amotedovvtol omd kepoapukd o&eidio peT@AA®Y, €lval Ol O WUN YPOUUKOL oicOntpeg
Bepurokpaciog pe VYA evarcOnoio Kot GYETIKA YOUNAO KOGTOC.

Ynrdapyovv dvo tomor thermistors. To NTC (Negative Temperature Coefficient) thermistor ka1 to PTC
(Positive Temperature Coefficient) thermistor. Ta tov TpdTOVL THTOL YPNGILOTOLOVVTAL GOV OGO THPES
Bepurokpaciog Ve To TOL OEVTEPOL THITOV XPNGLOTOOVVTOL GLVNOMG cav evepyomomTé. Me dAa Adya,
to. thermistors Aertovpyodv cav oUKEG avilotdoelg 1 T TV onoiov efaptdtol dueco omd
Oepuokpacio. Xto NTC n tyun g avtiotaong peidveror 6co avéavetor 1 Oeppokpacio eved ota PTC n
TN TNG OVTIOTOONG TOVG avEAvETaL Le TNV avEnon g Beppokpaciog.

Qo1660, OO opiotnKe TopATAvm, 1 HETOPOAN TG Beppokpaciog mpokaAel amid pior petafoAr g
avtictaong tov thermistors. I va yivel avtiAnmt 6pumg n Hetoforn avt omd Evov LiKpoemeEepyast 1
amd &va KOKA®UO Tov TEPAAUPAvEL £var S10KOTTIKO oToyelo, Oa mpémel To onpo TOV TaPAYETOL OO TN
petafoArn avt) va eivor nAektpuko. Aniadn t petaforn g Beppoxpaciag vo v axkolovbel pio
petafoAn taong 1 peOvLOTOG.

[Tpoxewévov va yivel mn petotpomny oavtr| ypnowomnoteitar pion ddrtaln mov ovopdleTon yépupo
Wheatstone. H didtaén ovtr ovolootikd petatpémel ) petafoAn g oviictaong evog otolyeiov oe
petaporn taong. H d1drtaén avt) eaivetar oty eikdéva 8.3.3.0.
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Ewcova 8.3.3.0: Kukhopatiko didypappa yépupag Wheatstone

H yépupo Wheatstone omoteAeiton amd dbo dwpéteg thong. H oyxéon mov diver v ££006 g Vg
GLVOPTNGEL TNG TAONS £16000V Vs givar 1 akdAovOn:

V.= Rx RZ
G_(R3+Rx R, +R,

Ws

[Ipoeavac, otn Béon ¢ avtiotaong Rx praivel to thermistor kot ot vIOAOITES TPEIC AVTIOTACELS £XOVV
YVOOTEG TIEG. Metpdvtog Ty Tiuf ¢ avtictaong tov thermistor otovg 65°C , pubuilovue €10t TIC
VTOAOUTES AVTIGTAGELS MGTE YOl T GLYKEKPIUEVT TN TG Ry va vtapyel otnv ££000 NG YEPLPOS TETOLN
Taomn M omoia va givar wavh va dleyeipel évo dtakomTikd otoryeio, évo mosfet otn ovykekpiévn
TEPIMTOON.

8.3.4 ovoyn
21ig evotnreg 8.3.2 ko 8.3.3 mapovsiacnkay dVo Tpomotl aviyvevong vrephipuavong g uratopiog. o
TOV VIO PEAET QopTioTh Oa emleyel 1 xpron tov chip TMP36.

H pébodoc aviyvevong vmepbépuacvong péow thermistor dev emdéydnke, xobdc n Swdrtaln dev
nepthapPdvel amid Evav aentpa Oepproxpaciog aAld Kot To KOKA®UO LETATPOTNG TS LETOPOANG TNG
TIUNG NG avTioTAoNG 68 LETAPOAN TAGNC.

Emiong, éva axdpo mAeovéKTnua Tng ¥pNMong tov oAokAnpouévov awsbntipo TMP36 sivar 6Tt
LETAPEPOVTOL OAEG Ol LETPNGELS BEPLOKPAGIOG OTOV HIKPOEAEYKTH. ATO €Kel Ko TEPA YPTCLULOTOLDOVTOG
amhd pio 000vn Kot YpAeovTog KAToleg YPOUUESG KMOKa, UTOPEL O YPOTNG VO TOPAKOAOVDEL GUVEYMS TN
Oeproxpacio tov batterypack. Avt n viomoinom Oa TopovGlacTEl 6TO KEQPALNLO TOV OKOAOVOEL.

8.4 Avuxom) ™S OpTIONS AOY® VITEPPOPTIONG

H protopioa elvar elvor mApmg mpootatevpévn amd KAmow eVOEXOUEVT] VIEPPOPTION AOY® TOV
GYEOGLOD TOV TPOPOSOTIKOV KOl TOL KLKAMUATOG tcootdfuone. [pdyupatt, to tpo@odotikd sivol
oYeCEVO £TG1, MoTe va Tapéyel £og 14.4V ot unatapio. And kel kol mépa, e4v Kamolo KeAl mhel va
Eemepdoel 10 Oplo TV 3.6V, 10Te TO KOKA®UO 1600TAOoNG eviomilel T TNV VIEPPOPTION KOl
mopoakauntel 1o keAl. Ot amapaitntol EAeyyot yio TV Taon Tov KaOe KEAOV Tpaypatomodnkay 1o oTov
KOOIKA TNG 1600TAOUIoNC.

130

——
| —



Kepdiato 9° : TIpoBoin otoryeiowv og 006vn
LCD ko TeAMKOC TpOoypaUUATIOUOS TOV
UIKPOETEPEUOTN

9.1 Ewcayoyn

Mio peydAn avdykn mov vrdpyel Katd T eOpTIon TV urnatapldv [oviov Adiov sivor vo vdpyet kébe
otrypn enifleyn g tdong Tov Kabe keAod kot ¢ Oeppokpaciog tov battery pack. Me owtdv tov tpomo
avEdvetal 1o eminedo AcQUAEG, aPoD 0 ¥PNOTNG Exel T dvvatodTNTa Vo Tapatnpel ™V eEEMEN ™G
@OPTIONG Kot Vo EMEUPEL G TEPITTMOT OV TO KPIVEL AvVaLyKaio.

Onmg TopovcldoTnKe G TPONYOVLEVO KEQPAANLO, O POPTICTNG £XEL NON TN duvATOTNTA VO AVAPEL
dwdoywka 5 LEDs avéioya pe to enimedo pdptionc. Eniong, cuvdéovtag to DS2788K pe tov vmoroyiot)
umopet o ypfHotg vo det ypaeikd v eEEMEN g eOpTiong Kot Tov State of Charge g puratapiag.

Hopaxdro Ba Tapovsiactet o TpOmOC e Tov onoio Oa mpoPdiieton o pia 006vn LCD n tdon tov kdbe
KeMov kat 1 Oeppokpacio tov battery pack.

9.2 X0voeon TG 000VNC HE TOV HIKPOELEYKTI]

Qg 006vn Ba ypnoonombei kamola 1 omoia eivar copPaty pe tov driver Hitachi HD44780. Ovolootikd
npokerTon yio 11 000veg LCD ot omoieg €xovv dtachvdeon pe 16 pins. Mio tétoto 000vn amoteAeiton amd
T0. akOLlovBa pins:

e Register select (RS) pin: EAéyyovv o€ moieg Oéoeig pvnung ypdoovtot to S1dpopa dE0UEVAL.

e Read/Write (R/W) pin: Méow twv onoimv yivetor emioyn avaueoa og Reading 1 Writing mode.

e Enable pin: Méow t0v 0moiov emTpENETAL TO YPAWILO GE KOTOXWOPNTEC.

e 8data pins (DO -D7): Ot xataotdoeig avtdv tov pins (High 1 Low) givar ta bits ta omoia
ypdoovtal og évav katoywpnt) 1 StoPfdloviol amd Tov KPOEAEYKTY).

e Display contrast pin(Vo0): Méom tov omoiov eléyyeton 1 avtibeon g 00ovnc.

e Power supply pins (+5V and Gnd): Méow tmv omoimv yivetal n Tpo@odoacio TG 00ovng.

o LED Backlight (Bklt+ and BKIt-)pins: Mécw t@v onoimv umopel vo avoryokAEiGeL TO MG TNG
006vnc.

H odvdeon g 006vng pe tov pukpoeheyktiy Arduino yel og e€ng:

e LCD RS pin oto digital pin 42
e LCD Enable pin cto digital pin 41
e LCD D4 pin oo digital pin 45
e LCD D5 pin oto digital pin 44
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e LCD D6 pin oto digital pin 43
e LCD D7 pin oto digital pin 46

Xy eikova 9.2.0 paivetol  cvvdeopoloyia Tng 006vng ue tov Arduino.

3V3 bV Vin
Power
— RST — Ve

4 AREF D42 Vo
Arduino b | RS

e @——=o R/W

Vss

—_— =l DBO

DB1

ann

e — DB2

10K potentiometer

B pys = DB3
— Al D44 | DB4

|j
Digital Input/Output

g
—_ 2 2 D43 DB5
— A3 og D46 DB6
— AL -E [r— DB7
-1 A5 — ] LED+
GND =] LED-

l

Ewcova 9.2.0: Xovdeon 000vng LCD pe tov ArduinoMega

9.3 IIpoypoupaTIoNOS TOV HIKPOEAEYKTT
AoV ouvdédnke n 000V e TOV UIKPOEAEYKTN, UEVEL VO YPAPEL 0 KATOAANAOG KOOIKAG £TOL MOTE VO
napovstafovtot To emBvuNTa dedopéva Tave oty 00ov).

Zmv gvomta 6.7.2 VIapYEL 0 KOOKOS TNG 1GOGTAOUIONS TOV KEMAOV. XTOV KOOKO 0VTOV, Ol LETAPANTEG
V1, V2, V3 kot V4 mepiéyovv v TIun g Téons tov kabe kelov ekppacpévn oe Volts.

Eniong, otv evomta 8.3.2.3 vrdpyel 0 KOOGS TG aviyvevong vephipuavons. Xe avtdv ToV KOOKO 1
petaPAnty temperature mepiéyxel v T ¢ Beppoxpaciog tov battery pack exopacuévn oe Badpoig
Kelsiov.
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AxolovOel 0 KOSIKAC OV YPAPETOL OTO TPOYPOUUATIOTIKO TEPIPdAlov tov Arduino mpokeipévon va
mpoPaAilovtol oty 006vn ta Tapandve aroterécpato. ESd va toviotel 6Tt 0 KOdKAG avTOg 0ev Umopet
va otafel povog Tov agov vrdpyovv oe avtov ot petafantéc V1, V2, V3, V4, temperature ot omoieg
&yovv OMAwbel og KOPPATI KMOOKO TTOL VTLAPYOVY GE TTPOTYoLUEVEG EvOTNTEG. ESD Ba Tapovoiactel to
KOUUATL KOOIKO TOV apopd TNV mopovsioon amotedecudtov otnv o86vn LCD kot ot ocvvéyeia Ba
TOPOVCICTEL 0 TEMKOC KMAKAG oL o mepactel oToV puKpoeneepyaoty). e ekeivn 11 @don Ba yivet kot
N LETAYADTTION TOV KOJIKO.

/* NpoPoAn taong keAlwv kot Beppokpaciag battery pack oe 086vn LCD
Anuoupyoc: Kwvotavtivog Mmnoupyag */

// include the library code:
#include<LiquidCrystal.h> /*£6w mephapBdvoupe otov kwdika tn BLBALOORKN ya tnv 006vn LCD */

LiquidCrystallcd(42, 41, 45,44, 43, 46); /*ApxkomoloUpe tnv 00dvn pe tov apldud twv pins Stemadnc */
voidsetup() {

Icd.begin(16, 2); /* 6nAwvoupe to MARB0C Twv oTNAWVY KoL ypappwy the 006vng LCD */

}

voidloop() /* edw apxileL o Loop */

Icd.clear(); /*kaBapilel tnv 006vn amod nmponyolpeva amMoTEAECATO £TOL WOTE Va YPAPEL TA VEQ OIMOTEAECUATA
*/

Icd.setCursor(0,0); /*6nAwvoupe oucLAOTIKE OTL AUTO Ttou Ba ypdaoupe Ba MTAPOUCLAOTEL OTNV TIPWTN YPAUUN
™G 086vng Kot Ba Eekvasl amo tnv mpwtn otnin */

Icd.print(“Celll Voltage=");/*autd nou Ba ypadtel otnv mpwtn ypauun tng 086vng eivat «Celll Voltage=» */
Icd.setCursor(0,1); /*5nAwvou e OUCLOOTIKA OTL aUTO Ttou Ba ypddoupe Ba mapouactaotel otn SgUTEPN YPOUUNA
Ng 00ovng kat Ba Eekivdel amnod tnv mpwtn othin */

led.print(V1); /*auto mou Ba ypadtei otnv mpwtn ypauun tng o6ovng elvatl n T Tg Tdong tou keAou 1,
dnAadn Ba epdaviotei n Tun tng tdong tng uetapAntrg V1 */

delay(5000);/*to nmapandvw anotéheopa epdaviletal yia 5 SsutepOAenta Kal EMELTA TAPOUGCLALETAL TO EMOUEVO
arnotédeopa */

/*nN eUPAvVIoN TWV TIUWV TWV TACEWV TwV AAWV TPLWV KEALWV akoAouBei tnv iSta Aoyikr] yL auto Kat Sev Ba
vpadouv oxola */

Icd.clear();
Icd.setCursor(0,0);
lcd.print(“Cell2 Voltage=");
Icd.setCursor(0,1);
Icd.print(V2);

delay(5000);

Icd.clear();
Icd.setCursor(0,0);
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Icd.print(“Cell3 Voltage=");
Icd.setCursor(0,1);
Icd.print(V3);

delay(5000);

Icd.clear();
Icd.setCursor(0,0);
lcd.print(“Cell4 Voltage=");
Icd.setCursor(0,1);
lcd.print(V4);

delay(5000);

/* téhocg, Ba epdaviletal n Beppokpaocia tou battery pack ekeivn tn otiypn */

Icd.clear();
Icd.setCursor(0,0);
lcd.print(“Battery Temp=");
lcd.setCursor(0,1);
Icd.print(temperature);
delay(5000);

}

9.4 TehkOg TPOYPUURATICHOS HIKPOETEEEPYAOTY)
2mv evotra 6.7.2 TapovcldoTnKe 0 KOKAG 1600TAOONG, oty evotnta 8.3.2.3 0 KK aviyvevong

vrepBéppovong Kot oy evotta 9.2 Tapovcldotnke 0 KOSKAS TPOPOANG TV AnoTEAECSUAT®OV GE 006VN
LCD.

2mv mopovca evotnta Ba evwbovv Ao Ta Tapamdve Tpoypdppate o Eva. To TeMkd avTd TPOYPULLLLOL
0o mepootel otov pikpoekeykt Arduino ki £totl Bo emitelovvron pali ot Aettovpyieg ¢ wootdOuionc,
™G aviyvevong vrepOEéprovons Kot 10KoTNG POPTIONS Kot TEAOG TNG TPOPOANG TOV OMOTEAECUATOV GE
pia 006vn LCD.

Emopévmg, o teAkog kadikag tov Oa mepactel otov pukpoeneéepyaotn too ARDUINO givar o mapakdto.

/* Aumdwpatikn: Sxedioon ¢optioth unataplwy LiFePO4
TeAlkOC KwSIKAG UKPOETIEEEPYAOTN
Anuoupyoc: Kwvotavtivog Mmoupyag */

/* ta MOSFET mou ouvdéouv to KaBe kell pe Tnv avtiotaon toootddulong cuvdéovral pe pia Pndlokn Bupa */
int MOS1=31; /* kaBoplouog BUpag otnv omoia cuvdéetal n MUAN tou MOSFET Ttou cuvS£EL TV avtiotaon e
to KeAi 1. H Pndrakn avtr BUpa eAéyyxel kal tnv aywyr tou MOSFET*/
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int MOS2=32; /* opolwg yla to MOSFET mou cuvééel tnv avtiotoon e To kel 2 */
int MOS3=33; /* opolwg yla to MOSFET mou cuvééel tnv avtiotoon e to keAl 3 */
int MOS4=34; /* opoiwc yla to MOSFET mou cuvbéel tnv avtiotoon UE To KeAL 4 */

int temperaturePin = 8; /* 0 MikpogAeyktng dtapalel to orjpa touTMP36
arnd To avaAoyko pin A8 to omoio cuvdéetal pe to Vout (sense)

n avaluon eivat 10 mV / degree centigrade

(500 mV offset) yla va urtdpyel wg eTAOYH Kol apvnTIKEG Bepuokpacieg */
#include <LiquidCrystal.h> /*edw neplapBavou e otov kwdika tn BLPALOAKN yla TV 086vn LCD */

LiquidCrystal Icd(42, 41, 45, 44, 43, 46); /*Apxwomolol e tnv 0006vn Ue Tov aplBuo twv pins dtemadng */

void setup() {

pinMode(MOS1, OUTPUT); /*n BUpa MOS1 SnAwvetol wg £€060¢, adol avdaloya Ue Ti¢ ouvOrikeg Ba maipvel tnv
T 0 5V avolyokAsivovtag £tot to MOSFET */

pinMode(MOS2, OUTPUT); /*opoiwg yta tn B0pa MOS2 */

pinMode(MOS3, OUTPUT); /* opoiwc yia tn Oupa MOS3 */

pinMode(MOS4, OUTPUT); /* opoiwc yia tn O0pa MOS4 */

pinMode(40,0UTPUT); /*&nAwvw otL to PndLako pin 40 Ba Asttoupyei wg €€odog */

Serial.begin(9600);
Icd.begin(16, 2); /* 6nAwvoupe To MARB0C TwV TNAWVY KoL ypapHwY ThG 086vng LCD */

}
void loop() // apxileL o Bpoxog emavainyng

{

// uétpnon tg Tdong Tou KABe keAlov
/* Ztnv avaloyikn B0pa Al cuvdietal n ££080¢ TOU TEAECTIKOU EVIOXUTH TIOU CUVSEETAL e To KeAl 1 Kat Seiyvel
TNV Tdon tou keAoL 1 pe avadopd to 0.
Opolwg yia tig Bupeg A2,A3,A4
%

/
int sensor_V1=analogRead(A1); //6iaBdaleL tnv tdon otn avahoyik O0pa Al
int sensor_V2=analogRead(A2); //6iaBdaleL tnv tdon otn avahoyikr O0pa A2
int sensor_V3=analogRead(A3); //6waBaleL tnv tdon otn avahoyikr O0pa A3
int sensor_V4=analogRead(A4); //6waBdaleL tnv tdon otn avaloyiky B0pa A4

float V1=sensor_V1 * (5.0/1023.0); /*petatpénel tnv avaloyikn T mou StaBalel (n omoia kupaivetat and 0-
1023) og Tun téong (0-5V) */

float V2=sensor_V2 * (5.0/1023.0);

float V3=sensor_V3 * (5.0/1023.0);

float V4=sensor_V4 * (5.0/1023.0);

/* Av ta KeALd elval péoa ota aopalf opla taong (2.3V-3.6V), tote Aappdvel xwpa n LoootdduLlon.
‘Omnolo kel Bploketal pe TNV PeEYAAUTEPN TAOH, TOTE QUTO ekdopTtiletal ] poptileTal Mo apyd Ewg 6tou GTAcouV
To eninedo taong Tou Ta uTtoAoua KeAld. Auth Stadikaoia emavaAopBAVETAL CUVEXWE LE OTIOLO KEAL £XEL KABE

135

——
| —



OTLYUNA TN HeyoAUTEPN TAoN. Mg auToV Tov TPOTMO, Ta KeALd Ba ptacouv 0Aa pali tnv taon twv 3.6V (yla tnv
okpiBela Ba Eemepacouv TNV Tdon Twv 3.595V) kal amo kel kal mépa Ba oTapatiosL n lootdadbuion adou 1o
battery pack Ba dpoptiotel pe otabepry taon */

if (V1>2.3 && V2>2.3 && V3>2.3 && V4>2.3 && V1<3.595 && V2<3.595 && V3<3.595 && V4<3.595) {

float high_cell=V1; // to keAl 1 apyikomoleital wg To KeAL e TN peyoAUTEPN TAON

int flag= MOS1; /* apxwomoleital n Bupa mou cuvdéetal pe to KeAl 1 wg n BUpa TToU cUVEEETAL e TO KEAL pe TV
uPnAotepn taon */

if (V2 > high_cell) {
high_cell=V2; /* av n taon tou keAlou 2 Eemepva tnv taon high_cell, tote n petapAntn high_cell
TAlPVEL TNV TLUA TNE TAONG TOU KeALovw 2 */
flag=MOS2; /*n Bupa mou Ba dwoel 5V opiletal wg n BUpa mou cuvbetal pe to MOSFET mou
ouvlEsL TNV avtiotaon Loootdduong oto KeAi 2 */
!
if (V3 > high_cell) {
high_cell=V3; /* av n tdon tou keAlou 3 Eemepva tnv taon high_cell, téte n petafAntn high_cell
TLALLPVEL TNV TLUH TN TAoNC Tou KeAoL 3 */
flag=MOS3; /*n BUpa ov Ba Swaoel 5V opiletal we n BUpa ou cuvdéetal pe to MOSFET mou
ouvbdéeL TNV avtiotaon wootdduiong oto KeAi 3 */

}
if (V4 > high_cell) {
high_cell=V4; /* av n tdon tou kehoU 4 Eemepva tnv taon high_cell, tote n petaBAntr high_cell
TalpVEL TNV TLUA TN TAONG TOU KeALoU 4 */
flag=MOS4; /*n BUpa mou Ba Swoel 5V opiletal we n BUpa ou cuvdéstal pe to MOSFET mou
oUVS£EL TNV avTioTtaon LoooTabuLong oto KeAl 4 */

}

digitalWrite(flag,HIGH); /* &ivovtatl 5V otn BUpa ou cuvdéetal pe to MOSFET, To omoio ocuvSEsL Tnv avtiotaon
LO0OTAOULONG LE TO KEAL TTOU £XEL TN peyoAUtepn Tdon */

}

/* av n taon €0tw Kal evog KEALOU gival K&tw arod 2.3V Kat n Tdon Twv urntoAoinwv givat k&tw amno 3.6V, tote
SlakomreTal n Lootabuion kat poptilovral OAa ta KeEALA pe otabepd pelpa. AuTo yivetal e OKomo va
KPOTLOUVTOL OL TAOELG TWV KEALWY 0TO 0.oPaAEG OpLo Avw Twv 2.3V */

elseif ((V1<2.3 || V2<2.3 || V3<2.3 || V4<2.3) && (V1<3.6 && V2<3.6 && V3<3.6 && V4<3.6)) {
digitalWrite(MOS1,LOW); // armocuvdéel Tnv avtiotaon amno to keAl 1

digitalWrite(MOS2,LOW); // armocuvdéel Tnv avtiotaon amno to KeAl 2

digitalWrite(MOS3,LOW); // arnmocuvdéel Tnv avtiotaon arno to keAi 3

digitalWrite(MOS4,LOW); // amocuvdésl tnv avtiotaon arnod to KeAi 4

}

/* 6tawv n Tdon Kol TwV TECoAPWV KEALWV GTdoel Ta 3.595V, ToTe oTapaTAEL N SladLlkaola TNE LoooTABULONG
KaBw¢ toTe To battery pack ¢poprtiletal pe cvotnua otabeprg taong. Asv T€0nke cav cuvOnikn va sivat ion n taon
pe 3.6V SLOTL UTIAPYXEL TEPIMTTWON va NV GTACOUV Ta KEALA TAUTOXpOVA OTNV Tdon Twv 3.6V. Qotdoo av
Eemepdoouv OAa pali tnv taon twv 3.595V, ToTE oNUALVEL OTL £X0UV LOOOTABULOTEL EMAPKWG KAl otoLadnmoTe
avioooporia amno ekel kal népa Sev ennpedlel Ta KeALA adol otn XELpOTEPN TepiMTWaon Ba €xouv Tpila KEALA TAGCN
3.596V kal éva keAi tdon 3.612, kATt To omoio sival anodektd */

else if (V1>3.595 && V2>3.595 && V3>3.595 && V4>3.595) {
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digitalWrite(MOS1,LOW); // anocuvééel tnv avtiotoon amo to keAl 1
digitalWrite(MOS2,LOW); // anocuvééel tnv avtiotaon amnod To KeAl 2
digitalWrite(MOS3,LOW); // armocuvdésL tnv avtiotaon arnod to KeAi 3
digitalWrite(MOS4,LOW); // amoocuvbésL tnv avtiotacn amno to KeAl 4
}

float temperature = getVoltage(temperaturePin); /*Aoppavetal n tdon ano tov alodntrpa Bepuokpaciac*/
temperature = (temperature - .5) * 100; /*6nuloupyw To offset Twv 500mV otnv avaAucn £T0L WOTE VoL £XW KoL
apVNTIKEG Beppokpaoieg */

if (temperature>65) {digitalWrite(40,LOW);} /*o6tav n Bepuokpaocia Eemepaoel Toug 65 Babuolg, tote Sivel 5V
oto pin 40 to omnoio gival cuvdedepévo pe to mosfet*/
else if(temperature<65) {digitalWrite(40,LOW); /*ywa Bepuokpacio katw Twv 65 Babuwv divel 0 V otnv
£€060)*/
}

/*to degrees ((voltage - 500mV) * 100) */
Serial.printin(temperature); /*npoBaAAetal n tur) tng Oepuokpaciag atov serial monitor tou
nipoypappatiotr tou ARDUINO */

Icd.setCursor(0, 0); /*SnAwvoupe ouolaoTikd OTL auto ou Ba ypdoups Ba MOPOUCLAOTEL OTNV ITIPWTN VPO
™G 086vN¢ Kat Ba Eekvacsl amo tnv mpwtn otnAn */

Icd.print("Celll Voltage="); /*auto nou Ba ypadtel otnv mpwtn ypopun tng 08évng eivar «Celll Voltage=» */
Icd.setCursor(0, 1); /*6nAwvoupe ouoLaoTika OTL auTd Tou Ba ypdoupe Ba mapouciactel otn SeUTepn ypaAUUN
™G 086vng Kot Ba Eekvasl amo tnv mpwtn otnAn */

lcd.print(V1,DEC); /*auto mou Ba ypadtei oTnv mpwtn Ypoppr TG 000vng eivat n Twur g Tdong tou KeAou 1,
dnAadn Ba epdaviotel n Twn tng Tdong tng petaPAntng V1 */

delay(5000); /*to mapandavw anotédecpa spdoaviletal yia 5 SsutepOlenta Kol EMELTA TAPOUGCLAIETAL TO EMOLEVO
anotéAeopa */

/*n epdavion Twv TIWV TWV TACEWV TwV AAAWVY TPLWV KEALWV akoAouBel tnv (Sta Aoyikn yL autd kot Sev Ba
vpadouv oxoAa */

Icd.clear();

lcd.setCursor(0, 0);
Icd.print("Cell2 Voltage=");
Icd.setCursor(0, 1);
Icd.print(V2,DEC);
delay(5000);

Icd.clear();

Icd.setCursor(0, 0);
lcd.print("Cell3 Voltage=");
Icd.setCursor(0, 1);
lcd.print(V3,DEC);
delay(5000);

Icd.clear();
Icd.setCursor(0, 0);

137

——
| —



Icd.print("Cell4 Voltage=");
Icd.setCursor(0, 1);
Icd.print(V4,DEC);
delay(5000);

/* téhocg, Ba epdaviletal n Beppokpacia Tou battery pack ekeivn tn otyun */

Icd.clear();

Icd.setCursor(0, 0);
lcd.print("Battery Temp=");
Icd.setCursor(0, 1);
lcd.print(temperature,DEC);
delay(5000);

Icd.clear();

}

float getVoltage(int pin){
return (analogRead(pin) * .004882814); /*ustatpon PndLrakwy tpwy 0 - 1023 */

}

O Topamdve KOJKAG TEPAGTNKE GTO TPOYPAULOTIoTIKO TepiBaiiov tov ARDUINO «at
UETOYAOTTIOTNKE EMTUYDG. TNV £1KOVa 9.4.00 QaiveTar £va GTIYUIOTUTO OO TO TPOYPOUUOTIOTIKO
nepPairov tov ARDUINO a@ov éxet petayAd@tticel Tov mapomdve KodKa.
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diplomatii ina.code | Artuino 10— =) |

File Edit Sketch Tools Help

diplomatiki_final_code

A% AumhwpeTirn: Exsdiaon gopTLoT pmateplow LiFePOd
TeALxdg KOSLEEC PLEpOEmsEepyaoty
AnpLovpyds: Kuwotewtivog Moodpyeg w

F* 1o MOSFET mou ouwéfouy 10 xdBz xzil pe v ewtioteon LoootdBpLong ouredgoviel pe plo ympLakd Bipe 7 b
int M051=31; /* xeBopLopdg Bdpeg omnv omole mméEfetel 1 misn Towr MOSFET mouo suvéasel v awtiotacn pe to xeil 1. H ymgLerd auth Bipe eASyWEL KoL THY oy Touw MOSFET®/

int MO52=32:; /% opolwg wiw To MOSFET mou mnvésel T WTLOTEon pe To xeAl 2%/

int MO33=33; /* opolwg wio to MOSFET mou ouvédel T wvIlioTeon ps 1o xeAl 3 0%/

int M034=34; /* opolwg yviw to MOSFET mou orudsel I GWTLGTEor pE To KAl 4 */

int temperaturePin = 87 /% o MixposisyxTig ALepddsl To ofpe TouTHPS6
rmd To eveAoyvikd pin A8 to omolo muwifetel pe To Vout [sSense)

n evdiuon ziver 10 n¥ ¢ degree centigrade
(500 w¥ offset) wyia wa UIGPYEL of SOLAOYY X&l epwnTLEEG Beppoxpesizg *7F

#include «<LifquidCrystal.h> /%2 mepliepfdvomps oTow ®&Lke TR BLRALOBRXN yvie Thv oBdwn LCD %/

LiguidCrys=tal lcd(42, 41, 45, 44, 43, 46); /FApyLkonoLoups Tryw ofoun ps Tow eplBpd tww pins &Lemugrg *F

woid setup() {
pinMode (M051, OUTPUT): /*n Gipe MOSL &énidvetel wg £fodog, epold ewdioye pe T ouvdrkeg Se melpvel oy tum) 0 5 5 F evoryorisivovies 2ToLr To MOSFET 4
pinMode (M052, OUTPUT): /%opolwg wiw T Bdpe MOSZ +7
pinMode (M033, OUTEUT); /% opolwg viw Tn B0ps HO3E */
pinMode (M054, OUTPUT): /% opolwg yiw T B0ps MOSd +/
pinMode (40, 0UTPUT) ; /*&nAduw dTL To fmpLexd pin 40 By AziToupysi wg 2Eodoc */

Ewkova 9.4.a: O TeAKOG KWSIKAG LETAYAWTTLOUEVOG OTO MPOYPOUUUATIOTIKO TepLBAAAov Tou Arduino

O ek k®OWKOS Tov pkpoeneEepyast vtapyel 6to CD mov cuvodedet ) dimAwpatikn (Gvopo
apyeiov: diplomatiki_final_code).
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KED®AAAIO 10° : [Tapovoiaon TeAlkov
KukAwpoatog tov Poptioty Mmataplwv
LiFePO4

10.1 Ewoayoym

210 B’ pépog e SIMAOUATIKNG TapoustdoTnKe EeY®PLoTd T0 KAOE VTOGVGTNIA TOV POPTIGTY| UTATAPLOV
[oviov ABiov pe vako kabddov to LiIFEPO,. I'o tqv akpifeta:

4° Kepdhowo: Ipaypatorombnke n oyedioon tov tpo@odotikod tov @optioth. 1o cuykekpiuéva
éva tpopodotikd CC/CV 3Amps/3.6Volts.

5° Kepdhowo: 'Eywve n oyedioon tov kKukAduatog omopdvoons e tdong tov kdbs kediod tov
battery pack, éto1 dote va propel va tepactel ywpig TpOPANUA GTOV IKPOELEYKTT.

6° Kepdhato: Zyedidotnke To0 KOKA®UA 1606TAOUIONG TG TAOTC TV KEAM®DV.

7° Kepdharo: ITopovsidotnke to kOKAopo vroloyiopot tov State of Charge tng protapiog.

8° Kepdhato: Mekethibnkav ot tpémor Swakomng g eOptiong kot avalvOnke S1e&odikd 1
aviyvevon vrepbépuavong oto battery pack.

9° Kepdiawo: MehetOnke o tpdmog mpoPorng kdmoiwv amotedeoudtmv oe 006vn LCD kau
YPAPTNKE TO TEMKOG KMOKAG OV Bl TEPAGEL GTOV LUKPOENEEEPYUTTN.

Emopévac, peletnniay kot oxedldotnkay OAd 10, VIOGLGTHUOTH TOV PopTIoTh urotapldv LiFePO,. Xto

Ke@PdAao ovtd Ba yivel pio cuvoym €161 AGTE v avaderyTel 0 POPTIGTNG ¢ o eviaio GLGKELT.

[Mapakdto yivetal pio GLVOTTIKT TOPOLGINGT OAMY TOV VTOGLGTNUATMOV TOV POPTICTY).
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Yovdeon mhokétac DS2788K ue 10 KOKA®UO TOV QOPTIGTN

ayvod
NOILVNIVA3I M88.2s0

B+u ] -

BATTERY

B- ] -

Power
Supply /
Battery
Charger

5) KYKAQMA ANIXNEYYXHY YIHEPOEPMANYHY KAI ATAKOIIHY ®OPTIXHX

+

BATTERY PACK ‘

nAnalog pin A8

TPO®OAOTIKO

1

Ccc/CV

——
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6) XYNAEXH OOONHX L CD ME TON MIKPOEAET'KTH

10K potentiometer

RST
AREF

A0
Al

Ad
A5

3V3 5V

Power
Arduino

b3

2
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oq

5

o

=1
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Digital Input/Output
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10.2 Iapovoinct TEMKOU KUKADUATOS POPTICTN

2uvoEovToG KATAAANAC TO TOPOTAVEO VLTOGLGTALOTO, TPOKVATEL TO TEMKO (NToduevo kOkAmpa. No
onuemdel 6tL oty €1KOVO TOL AKOAOLOEL dev PaiveTol To KUKAMUO pETpnong ¢ Beprokpaciog kabmg
TaporeipOnke orkomipmg Yoo Adyovg amAloTnTag oty mapovcioon tov oyediov. H odvdeon tov pe tov
pKpoeAeyKTn ivorl GAA®OTE EEQUPETIKA OTTAY].

Emopévac, 1o tedid KOKA®UO TOV QOpTIoTH piog cvototyiag tecoapmv kemmv LiFePO, aivetor otnv
nicm celida.
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10.3  Ko00710¢ KOTUOKEVS QOPTLOTI]
Xe auTnv TV evotnto Bo TapovctaoTel pio EVOEIKTIKN TIUN Y10 TO KOGTOG KOTACKEVTC TOV (POPTIOTH.

1)Tpo@odoTikéd

MocotnTa Meprypaen

600 V, 1,00 A, Standard Recovery Bridge, DFM

100 nF, 275 VAC, Ceramic, X Class

39 uF, 400 V, High Voltage Al Electrolytic, 5101 m€2, (40 mm x
10 mm)

3,3 nF, 1 kV, High Voltage Ceramic Disc

0,1 uF, 50 V, Ceramic, X7R

47 pF, 10 V, Electrolytic, Gen Purpose, 1040 mQ, (11 mm x 5
mm)

2,2 nF, 250 VAC, Ceramic, Y Class

390 pF, 100 V, Ceramic, X7R

1 uF, 50 V, Electrolytic, Gen Purpose, 1080 mQ, (11 mm x 5 mm)

3300 pF, 35V, Electrolytic, Low ESR, 16 mQ, (35 mm x 18 mm)
100 pF, 16 V, Electrolytic, Low ESR, 250 mQ, (11,5 mm x 6,3
mm)

68 nF, 50 V, Ceramic, X7R

800V, 1,00 A, Fast Recovery, 250 ns, DO-41

75V, 0,30 A, Fast Recovery, 8 ns, DO-35
80V, 5,00 A, Schottky, DO-201AD

250 VAC, 1 A, Radial TR5, Time Lag Fuse

33,7 mm x 20,0 mm. Aluminum Alloy (3003 OR 5052), 1.6 mm
thickness. Heatsink for use with Device U1.

178,8 mm x 20,0 mm. Aluminum Alloy (3003 OR 5052), 1.6 mm
thickness. Heatsink for use with Diode D3.

6mH, 1,6 A

33 uH, 5,5 A

24 kQ, 5 %, 2 W, Metal Oxide

5,1 9,5 %, 0,25 W, Carbon Film

15,8 kQ, 1 %, 0,125 W, Metal Film

2,4 MQ, 5 %, 0,25 W, Carbon Film

6,8 Q, 5%, 0,125 W, Carbon Film
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27 Q, 5%, 0,25 W, Carbon Film

422 Q, 1%, 0,125 W, Metal Film

1kQ, 5%, 0,125 W, Carbon Film

54,9 kQ, 1 %, 0,125 W, Metal Film

11,5kQ, 1%, 0,125 W, Metal Film

NC-2H (Nicera) or Equivalent Core Material

See Transformer Construction’s Materials List for complete
information

TOPSwitch-GX, TOP246YN, TO-220

Optocoupler LTV817A, 35V, CTR 80 - 160 %, 4-DIP

2,495 V, Shunt Regulator IC, 2 %, TO-92

Xvvoro

2) Kvxkiopa aropdéveong taong

Item # Ieprypaon Iocotyta Twn ($)

1 TeleoTkog 4 4*1.45
evioyvtg LM741

2 Quikn avtictaon 16 16*0.008
470k 0.125W, 1%
avoyn

XYvoro 5.9

3) Kokhopa 16061d0p10mg

Item # Ieprypaon IocotyTa Twn ($)

1 Avtictaon 1Q 4 4*0.8
13W £10% avoyn

2 N-MOSFET 4 4*1.6
IRFZ44

3 HlektpoAvTiog 4 4*0.04
nmokvet)g 100nF

4 Avtiotaon 100kQ, | 4 4*0.01
0.125 W, 10%
avoyn

XVvolro 9.8

4) Kvkhopa vroroyiopov tov SOC

Item# Ieprypaon IocotyTa Ty ($)

1 DS2788 1 3

2 DS2788 EV Kit 1 50

3 DS91230USB 1 20
adapter

2XVVoLro 73
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5) AvoOnmipog Oeppokpaciog

Item# Ieprypaon Iocotra Twn ($)
1 TMP36 1 1.5

6) MikpogheykTig

Item# IMeprypaon IMocotnTa Ty ($)
1 Arduino MEGA 1 40

7) 006vn amoteleopdTmV

Item# Meprypaon MocétnTa Ty ($)
1 LCD 16X2,16 pins |1 8

Apa 10 GLVOMKO KOOTOG TOL GLOTAWOTOS POpTIoNG avépyetar ota 158 $ (120 €) . Tlpénel va toviotel
®otHG0 0Tt £dv mapaielpBel to cvoTra £vdelEng Tov SOC ctov VToAoy1loTH], TOTE TO KOGTOC TEPTEL GTO
Hed aeov GtV TEPITTOGN T amatTeital LOVO To OAOKANpmuévo KokAwpo DS2788 kot tévte LEDS ta
omoia Oa avafovv avaroya pe T xOpNTIKOTNTA TNG Urtatapiog ekeivn ™ oTiyun).

Yg MEPIMTOON TOV KOTOOKELAGTOOV Ol TUMMUEVEG TAOKETEG TOL TPOPOOOTIKOV, TOV KLKAMUATOG
amopdVMONG KOl TOL KUKAMUOTOG 1600TAOONGS, TOTE T0 KOGTOG B avén et mepimov kard 100 €.

Eniong éva @Alo moAd onupavtikd otoyyeio, 6cov agopd 10 kO6GTOG, £ivan 0Tt og mepimtwon palikng
TAPOYOYNG LEWDVETOL SPAUATIKA, apoV OAeS O TPoUnBeHTPLeE ETOUPIEG NAEKTPOVIKDV EWOMOV KOGTOAOYOVV

HE IKpOTEPN TN HoVAdag peydro péyebog mapayyeMmv.
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Kepdioo 11° : Zdvoyn

11.1 Xovoyn oyeoiaonc

2V mopovoo SUTAMUATIKY TOPOVCIACTNKE SEE0SKE O oYedAGUOG VOGS QOPTIOTH UTOTOPLOV
Ioviov ABiov pe viakod kabodov LiFEPO,4, a@od mpdta €€etdotnKav TO YOPAKTNPLOTIKG KOL Ot
W01UTEPOTNTEG TOV UTATOPLOV 0VTAOV. O QOPTIGTNG YOPIGTNKE APYIKO GE ETUEPOVS VTOGVGTNHATO. Ta
VTOGLGTNLOTO AVTE Elvat:

e To tpogpodotikéo CC/CV

e To kKOKAOUO ATOUOVMOTG TNG TAGNG TOL KAOE KeEAOD

e To xixhopa 16ooTAOMOoNG

e To kOxhopo LETPNONG TNG KATAGTACTG POPTIONG

o To kuxhoua aviyvevong vrepBEpovong Kot SIKOTHG pOPTIONG

e To xixhopa £voelEng g téomg Tov Kdbe keAlo0 Kot TG Beppokpaciog oe pio 006vn

e O TPOYPOUUOTIGHOS TOV UIKPOETEEEPYAGTN TOV ATOTEAEL TOV KEYKEPAAO» TOL POPTIOTY|

Mo mv mAnpomta g peEAENE, Yoo KAOE VTOGVGTNUA TOPOVCIAGTNKOV Kol EVOAAAKTIKEG HEBOdOL
VAOTOINOTG KOl SIEVKPIVIGTNKOV 01 AGYOL Y10 TOVG OTTO10VG SEV TPOTIIONKAY OVTL TOV TEAMIKOV ETAOYDOV.

Téhog, oyeddonKe T0 TEMKO KOKA®UO TOV QOPTIoTH. Me GAAa AdYLa, TOPOVCIAGTNKE 1) GUVOEST OA®V
TOV VTOGVOTNUATOV, £TG1 OCTE VO TPOKVYEL TO TEAKO {NTOLIEVO KOKAMULA.

11.2 ITAcovekTipota oyedioong

A&iler va onuewmBel 6TL 01 mep1ocdTePOl PopTioTéC urataplov [oviov ABiov tov gumopiov amotelovvion
uovo and to tpogodotikdé CC/CV. Avtd ocvuPaivel emeidn tic meplocdtepec popés, ta. battery packs
EVOOUOTOVOLY T0 KOKA®ua toootdbuong. Emiong, n Aettovpyia e pétpnong tov State of Charge, n
€vdelEn ¢ tdong tov Kdébe keAoL kol M aviyvevorn vrepHEPUAVONG, CLVOVTMOVTOL CTAVIO GE TETOLOVG
QOpTIoTEC. AvtiBeTa, o1 QOPTIOTEG aVTol EYouv pio amAn €vOeElEn KOTA TOV TEPUOTIGUO TNG QOPTIONG, N
omoio TPOKVTTEL O TOV PUNOEVICUO TOV PEOIOTOS KATA TO TEAOG TG POPTIOTG.

Noa toviotel 6€ avTd T0 oNUEID OTL TO GVOTNUO POPTICNG TOV GYEOAOTNKE, TPOKEITOL OVCIUCTIKA Y10 EVOL

GUGTNUA TO OTOI0 EVOMUOTAOVEL £vO. OPTIOTH TV pratopldv pali pe évo Battery Management System
(BMS).

‘Evo Ao mAeovéKTNUA TOV GUOTHUOTOS @OPTIONG TOL OYEOAOTNKE €lvol OTL YpNoIUomolEl Evav
LIKPOEAEYKT Yia TG TEPLocOTEPEG Asttovpyieg Tov. [ tn pétpnon tov SOC emiong ypnoponoteiton Eva
npoypappotiiopevo chip. Kartt tétowo €xet peydn onuoocia, agov o€ mepintwon mov oAAGEeL 0 aplOudc
TOV €V OePd KEMMDV, 1 O TEPIMTOON 7OV YPNOHOTONOoVV KEAMA HE OLOPOPETIKE  TEXVIKA
YOPOKTNPIOTIKAE (Oplar Thomg Kot Bepprokpaciag), T0Te o1 TEPIOCOHTEPEG AALUYEG UTOPOVV VO, YIVOLV OmTAd
aAAGCOVTOG KATO1EG YPOUIES KOOIKO GTO TPOYPOLLLLLO, TOV JUKPOETEEEPYOTTY].
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AKOUO KOL GTO TPOPOJOTIKO TO OMOI0 OEV EAEYYETOL QMO TOV WKPOEAEYKTY], UmOpel TOAD €0KOAQ val
aALAa&el M €£000G TG TAONG KOl TOL PEVUOTOS HETAPAALOVTOG TIC TYEG TOV oTOolKElMV avAdpaons GTov
oroxAnpopévo DC-DC petatponéa. Emiong, oto KukKAGUOTO OTOUOVOONG TACEMV Kol 1600TAOUIONG,
TOAD €0KOAO KOL OUKOVOLUKG PTOPOVV Vo, TPOoTEHOUV KATOl0L CUUTANP®UATIKE GTolElD, £TCL OOTE Va
Aertovpyohv Kot Yo UIoTopieg TEPIGGOTEPOV KEAMMDV.

YUVOTTIKA, N oYESIOGN TOV TPAYUATOTOMONKE aPopd Eva GVGTNUA EOPTIONG TO OTOI0 Elval KavO va
eopticel pio cvotoryior TECoAP®Y KEAMMV TO 0oio, amAd ivol cuvoederEVe LETOED TOVS KOl OEV £XOVV
EVOOUATOUEVO KovEVE KOKA®UO 1600Tdfong 1 aviyvevong vrepbépuavonc. Emiong, n oyxediaon avt
mheovektel €vovil GAA®V LAOTOMGoE®V KoODG umopel vo. mpocoppootel mOAD omAd oe mepinTwon
petatpomnng Tov battery pack.

154

——
| —



BiAoypapia

[1] David Linden, Thomas B.Reddy, Handbook of Batteries, Third Edition.

[2] Ned Mochan, Tore M.Undeland, William P.Robbins Power Electronics, Converters, Applications and
Designs.

[3] Power Integration, Data Book and Design Guide, 2007.

[4] Stephen W.Moore, Peter J.Schneider, “A Review of Cell Equalization Methods for Lithium lon and Lithium
Polymer Battery Systems”, IEEE publication.

[5] Shuo Pang, Jay Farrell, Jie Du and Matthew Barth, Electrical Engineering, University of California, Riverside,
“Battery State-of-Charge Estimation”, Proceedings of the American Control Conference.

[6] ON Semiconductor Linear & Switching Voltage Regulator Handbook.

[7] John Chiasson, Baskar Vairamohan, “Estimating the State of Charge of a Battery”, IEEE publication.

[8] Yevgen Barsukov, Texas Instruments, “Battery Cell Balancing: What to Balance and How”.

[9] Rajashekara, K., Bhat, A.K.S., Bose, B.K. “Power Electronics”.

[10] Sandeep Djameja, “Electric Vehicle Battery Systems”, Newnes.

[11] ON Semiconductor, “Rectifier Applications Handbook”.

[12] Carmelo Speltino, “The Lithium-lon Cell: Model, State of Charge Estimation and Battery Management
System”.

[13] Abusaleh M. Imtiaz and Faisal H. Khan, Haresh Kamath, “A Low-Cost Time Shared Cell Balancing
Techniquefor Future Lithium-lon Battery Storage SystemFeaturing Regenerative Energy Distribution”, IEEE
publication.

[14] Thomas A.Stuart, Wei Zhu, “A Targeted Equalizer for Lithium lon Battery Packs”.

[15] Davide Andrea, “Battery Management Systems for Large Lithium-lon Battery Packs”, chapter 1.

[16] Tan Ji Xiang, “Battery Management System For Autonomous Robots”.

[17] Chol-Ho Kim, Moon-Young Kim, Young-Do Kim, and Gun-Woo Moon, “A Modularized Charge Equalizer
Using BatteryMonitoring IC for Series Connected Li-lon Battery Strings in an Electric Vehicle”, 8th
International Conference on Power Electronics - ECCE Asia.

[18] John Chiasson, Baskar Vairamohan, “Estimating the State of Charge of a Battery”.

[19] XP POWER, “Power Supply Technical Guide”.

[20] Carmelo Speltino, Anna Stefanopoulou and Giovanni Fiengo, “Cell Equalization In Battery Stacks Through
State Of ChargeEstimation Polling”, 2010 American Control ConferenceMarriott Waterfront, Baltimore,
MD, USA, June 30-July 02, 2010

[21] Pablo A. Cassani and Sheldon S. Williamson, “Significance of Battery Cell Equalization and Monitoring for
Practical Commercialization of Plug-In Hybrid Electric Vehicles”, IEEE publication.

[22] Jonathan W. Kimball and Brian T. Kuhn, Philip T. Krein, “Increased Performance of Battery Packs byActive
Equalization”, IEEE publication.

[23] http://en.wikipedia.org/wiki/Lithium_iron_phosphate_battery

[24] http://arduino.cc/en/Reference/HomePage

[25] http://arduino.cc/en/Tutorial/LiquidCrystalDisplay

[26] http://www.mpoweruk.com/soc.htm

155

——
| —






IIAPAPTHMA







AIAKOTITIKO TPO®OAOTIKO CV (9V@0.3A)

To OUYKEKPLUEVO SLAKOMTIKO TPOPOSOTIKO XPNOLUOTOLEITAL Yo TNV TPodoSooio TOU WULKPOEAEYKTH Kol Twv
TEAECTIKWY EVIOYUTWV.

ETAEXONnKe SLOKOTTIKO TPOodOSOTIKO £VAVTL YPAUULKOU AOYyw NG HeEYaAUTEPNG amodoong mou mopouaotalel. Mo

OUYKEKpPLUEVQ glval €va TpododoTikd otabepr¢ Taong ota 9VKal To HEYLOTO peUp TTou Umnopel va dwoel givat 0.3

A.Quoka autd ta pey€n cupBadilouv pe TIg podlaypodEC TOU LKPOEAEYKTH) TTOU XPNOLUOTIOLELTAL.

O oxebloopdg tou tpododotikol autol Eylve pe Baon évav olokAnpwpévo DC-DCconvertertng etaupiag
Powerlntegrations kal cuykekpluéva pe Baon to TinySwitch-lll.

MapaKATw mapouctAleTal To KUKAWUA Tou TpododoTtikol autou.

195 - 265
VAC

C4
22nF

250 VAC
cE

I R S0pF
T 130 0 100V
EF12.8
1 8
;-\S..-\ ‘ . 4 - ML;\ . 9,0V, 030 A
L oE ] o= e
VR1 1M914 7 470 uF g 7= 100 pF
200V 5 - 18v 10V
& 5
o1 o3 5% RTH
B8 jsoos L8 anaaoe
=3
RF1 FR106
100
2w
1320
c co > A2 --
c1 cz = 24
_ _ = ) Uzh gebi 2 RS
A a7 pesi7D # 41 B
:E R1 cs
=aTMmn 100 nF
50V
i D 11 L Re
= . ﬂnvstlv:tcn-m [ I E: 23.17;6@
B o 8 . U2
1N4008 144008 TRYZT4RN T TLeat Ty
£ uzB 2% L RT
A7 peairo Fo.05k0
9 1=

Moootnta

Part Ref

Meplypadn

C1

1 uF, 400V, High Voltage Al
Electrolytic, 397800 mQ, (11 mm x 6
mm)

2,2 uF, 400 V, High Voltage Al
Electrolytic, 180800 mQ, (11 mm x 8
mm)

0,1 pF, 50V, Ceramic, X7R

2,2 nF, 250 VAC, Ceramic, Y Class

80 pF, 100 V, Ceramic, X7R

470 uF, 16 V, Electrolytic, Super Low
ESR, 53 mQ, (15 mm x 8 mm)

100 pF, 10V, Electrolytic, Low ESR,
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500 mQ, (11,5 mm x 5 mm)

100 nF 100 nF, 50 V, Ceramic, X7R
1N4006 800V, 1,00 A, Standard Recovery,
DO-41

FR106 800V, 1,00 A, Fast Recovery, 250
ns, DO-41

1N914 75V, 0,30 A, Fast Recovery, 4 ns,
DO-35

1mH 1mH,0,15A

3,3 uH 3,3 uH, 2,66 A

4,7 MQ 4,7 MQ, 5%, 0,25 W, Carbon Film
130 Q 130 Q, 5%, 0,25 W, Carbon Film
133 Q 133 Q, 1%, 0,125 W, Metal Film
1kQ 1kQ, 5%, 0,125 W, Carbon Film
23,7 kQ 23,7 kQ, 1 %, 0,125 W, Metal Film
9,09 kQ 9,09 kQ, 1 %, 0,125 W, Metal Film
100 10 Q, 2 W, Fusible/Flameproof
Wire-Wound Resistor

EF12.6 NC-2H (Nicera) or Equivalent Core
Material See Transformer
Construction’s Materials List for
complete information

TNY274PN | TinySwitch-IIl, TNY274PN, DIP-8
PC817D Optocoupler PC817D, 35V, CTR 300
- 600 %, 4-DIP

TL431 2,495V, Shunt Regulator IC, 2 %,
TO-92

P6KE200A | 200V, 5W, 5%, DO-204AC, TVS

RlRrR[Rr]|R|R|N|R|R~

52 mm? area on Copper PCB. 2 oz
(70 um) thickness. Heatsink for use
with Device U1.

52 mm? area on Copper PCB. 2 oz
(70 um) thickness. Heatsink for use
with Diode D6.

H KATOOKEUT TOU PLETACXNOTLOTH YIVETAL PUE BACN TO TMOPOKATW UNXAVOAOYLKO Kal NAEKTPOAOYLKO oXESLO:

1 9,00V KOO OOO0OOO00e 5

EF12.6
8000003003000 e
2 Pri, 98T 9,00V, 10T
1 x #36 AWG 1 x#25 T.LW.
KEY 2 * 5
& Mechanical start of winding (also denotes electrical phase) . ] KE‘!’ )
+® Direction of winding (clockwise) Pri = Primary Winding

T.LW. =Triple Insulated Wire

Mnxavoloyiko Zx£S61o HAektpoAoyiko oxédio
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Description

Core: EF12.6, NC-2H (Nicera) or Equivalent, gapped for ALG of 108 nH/T?

Bobbin: Generic, 4 pri. + 2 sec.

Barrier Tape: Polyester film [1 mil (25 um) base thickness], 7,50 mm wide

Varnish

Magnet Wire: 36 AWG, Solderable Double Coated

Triple Insulated Wire: 25 AWG

To ox£610 NG TUMWHEVNG TIAAKETAG:

| Maxirnize hatched copper
Safety Spacin
¥ opacing areas (F 7771} for oplimum

heatsinking

»

—
+b [s] (o] 'ﬁﬂﬁ'ﬂ[ Output Filter
HV Input Filter Capacitor Capacitor
gyt T o I #
o o a ; A 7
n
H o
s °
P m
s ]} g““n e
sl £ '
TOP VIEW s ] —
|
= S opto- vyv
G- O | ceveer iy " oo

PI-GRB3-NETN

TéMNog, To tpododotikd mou Ba SnuoupynOel Ba £xeL TNV mapakdTtw popdn:
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[IPOAIATPA®EX MIKPOEAEI'KTH ARDUINO
MEGA 2650

O ArduinoMega 2650 eival o PLkpoeAeyKTHG Tou Ba xpnotpomnotnBei. O CUYKEKPLUEVOC ULKPOEAEYKTAC BaoileTal
oToV pKkpoemeEepyaot) ATmega2560.

Tal TEXVIKA XOPOKTNPLOTIKA TOU ULKPOEAEYKTH cuvoilovTial oToV MAapaKATW TVaKOL:

Microcontroller ATmega2560 \

Operating Voltage 5V

7-12V

6-20V

54 (of which 15 provide |

Input Voltage (recommended)

Input Voltage (limits)

PWM output)

16

40 mA

50 mA

256 KB of which 8 KB
used by bootloader
SRAM 8 KB

EEPROM 4 KB

Clock Speed 16 MHz

Analog Input Pins
DC Current per I/0 Pin
DC Current for 3.3V Pin

Digital I/0 Pins ‘

Flash Memory

Mapakdtw GaiveTal 0 CUYKEKPLUEVOC ULKPOEAEYKTAC:

m; 1560 .
ARDUINO .
ks oy

Arduino Mega 2560 R3 Front Arduino Mega2560 R3 Back
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19-4639; Rev 2; 5/09

DS2788

N AKX/

Stand-Alone Fuel-Gauge IC with

LED Display Drivers

General Description

The DS2788 measures voltage, temperature, and cur-
rent, and estimates available capacity for rechargeable
lithium-ion (Li+) and Li+ polymer batteries. Cell charac-
teristics and application parameters used in the calcu-
lations are stored in on-chip EEPROM. The available
capacity registers report a conservative estimate of the
amount of charge that can be removed given the cur-
rent temperature, discharge rate, stored charge, and
application parameters. Capacity estimation is reported
in mAh remaining and percentage of full.

LED display drivers and a debounced input make dis-
play of the capacity information easy. The LED pins can
directly sink current, requiring only a resistor for setting
the current in the LED display, thus reducing space and
cost.

Applications

Power Tools Electric
Bicycles Electric

Vehicles

Uninterruptible Power Supply
Digital Cameras

Pin Configuration

TOP VIEW

LED2 [1] : [ 14 |LeD3
LEDL [2 ] [ 13 |LEDs
o |I NAXI Zl L
Vo % DS2788 % PO
0oyD 5 10 |ViN
& = s
@ o
TESOP

Typical Operating Circuit appears at end of data sheet.

1-Wire is a registered trademark of Maxim Integrated Products, Inc.

——

164

Features
¢ Five 30mA Open-Drain Drivers for Driving LED
Fuel-Gauge Display
¢ Debounced Fuel-Gauge Display Enable

4 Internal Voltage Measurement Gain Register for
Trimming External Voltage-Divider
¢ Pin for Driving FETs to Enable Voltage-Divider

Only During Voltage Measurement, Conserving
Power

¢ Precision Voltage, Temperature, and Current
Measurement System

¢ Accurate, Temperature-Stable, Internal Time Base
¢ Absolute and Relative Capacity Estimated from

Coulomb Count, Discharge Rate, Temperature,
and Battery Cell Characteristics

¢ Accurate Warning of Low Battery Conditions

¢ Automatic Backup of Coulomb Count and Age
Estimation to Nonvolatile (NV) EEPROM

¢ Gain and Tempco Calibration Allows the Use of
Low-Cost Sense Resistors

¢ 24-Byte Battery/Application Parameter EEPROM

¢ 16-Byte User EEPROM
¢ Unique ID and Multidrop 1-Wire® Interface
¢ 14-Pin TSSOP Package

Ordering Information

PART TEMP RANGE PIN-PACKAGE
DS2788E+ -25°C to +70°C 14 TSSOP
DS2788E+T&R -25°C to +70°C 14 TSSOP

+Denotes a lead(Pb)-free/RoHS-compliant package.
T&R = Tape and reel.

'
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_ 2N AKX M Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim Direct at 1-888-629-4642,
or visit Maxim’s website at www.maxim-ic.com.
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DS2788

Stand-Alone Fuel-Gauge IC with
LED Display Drivers

ABSOLUTE MAXIMUM RATINGS

Voltage Range on Any Pin Relative to Vss............ -0.3V to +6.0V Operating Temperature Range .... ....-40°C to +85°C
Voltage Range on V|N, VMA Relative to Vss .. -0.3V to Vpp + 0.3V Storage Temperature Range ..........ccccoeeeeeeeinnns -55°C to +125°C
DVss to Vss .. ..-0.3V to +0.3V Soldering Temperature (10S) .......cc...... Refer to IPC/JEDEC-020

LEDIL-5. i 60mA each pin Specification.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED DC OPERATING CHARACTERISTICS

(VDD = 2.5V to 4.5V, Ta = -25°C to +70°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX [UNITS
Supply Voltage VDD (Note 1) +2.5 +4.5 \
VIN, VMA Voltage Range (Note 1) 0 VDD \Y

DQ, PIO, OVD, LED1-LEDS

Note 1 0 +5.5 \%
\Voltage Range (Note 1)

DC ELECTRICAL CHARACTERISTICS

(VDD = 2.5V to 4.5V, Ta = -25°C to +70°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX [UNITS
ACTIVE Current IACTIVE 25V Voo 4.2V 70 % LA
105

SLEEP Mode Current ISLEEP 1 3 LA
Input Logic-High: DQ, PIO VIH (Note 1) 1.5 \
Input Logic-Low: DQ, PIO VIL (Note 1) 0.6 \%
Output Logic-Low: DQ, PIO, VMA VoL loL = 4mA (Note 1) 0.4 \
Output Logic-High: VMA VOH loH = 1mA (Note 1) X%D' v
VMA Precharge Time tPRE 13.3 14.2 ms
Pulldown Current: DQ, PIO IpD \VDQ, Vpio = 0.4V 0.2 5 LA
Output Logic-Low: LED1-LED5S VoL loL = -30mA (Note 1) 1 \Y
Input Logic-High: OVD VIH (Note 1) E)/DZD_ Y
Input Logic-Low: OVD VIL (Note 1) Vgs; \Y
VIN Input Resistance RIN 15 M

DQ SLEEP Timeout tSLEEP DQ < VL 1.8 2.0 2.2 S
Undervoltage SLEEP Threshold VSLEEP (Note 1) 2.40 2.45 2.50 \%
P10 Switch Debounce 100 130 |ms
LED1 Display Blink Rate 50% duty cycle 0.9 1.0 1.1 Hz
LED Display-On Time 3.6 4.0 4.4 S

2 NAXI
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Stand-Alone Fuel-Gauge IC with
LED Display Drivers

ELECTRICAL CHARACTERISTICS: TEMPERATURE, VOLTAGE, CURRENT

(Vcc = 2.5V to 4.5V, Ta = -25°C to +70°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX [UNITS
Temperature Resolution TLSB 0.125 °C
Temperature Error TERR +3 °C
\Voltage Resolution VLsB 4.88 mV
Voltage Full-Scale VEs 0 4.5 \%
\Voltage Error ERR +50 mV
Current Resolution ILsB 1.56 uv
Current Full-Scale IFs +51.2 mV
Current Gain Error IGERR (Note 2) +1 Z’CZ;;”
Current Offset Error |IOERR (()lzlgtesTeﬁ 4)+70°C’ 25V Vop 4.2V -7.82 +12.5 uv
Accumulated Current Offset COERR ?/s(r:us :T?/SS*'(L%t(e:.S 25;/ 5)VDD 4.2V, 188 0 z\;;r/
pp= 3.8V, Ta = +25°C +1
Timebase Error tERR 0°C Ta +70°C, 25V Vpp 4.2V +2 %
+3
ELECTRICAL CHARACTERISTICS: 1-Wire INTERFACE, STANDARD
(Vce = 2.5V to 4.5V, Ta = -25°C to +70°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX [UNITS
Time Slot tsLoT 60 120 us
Recovery Time tREC 1 us
\Write-0 Low Time tLowo 60 120 us
Write-1 Low Time tLow1 1 15 us
Read Data Valid tRDV 15 us
Reset-Time High tRSTH 480 us
Reset-Time Low tRSTL 480 960 us
Presence-Detect High tPDH 15 60 us
Presence-Detect Low tPDL 60 240 us
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DS2788

Stand-Alone Fuel-Gauge IC with

LED Display Drivers

ELECTRICAL CHARACTERISTICS: 1-Wire INTERFACE, OVERDRIVE
(Vce = 2.5V t0 4.5V, Ta = -25°C to +70°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX [UNITS
Time Slot tsLOT 6 16 us
Recovery Time tREC 1 us
\Write-0 Low Time tLowo 6 16 us
\Write-1 Low Time tLow1 1 2 us
Read Data Valid tRDV us
Reset-Time High tRSTH 48 us
Reset-Time Low tRSTL 48 80 us
Presence-Detect High tPDH 6 us
Presence-Detect Low tPDL 8 24 us

EEPROM RELIABILITY SPECIFICATION

(Vcc = 2.5V to 4.5V, Ta = -25°C to +70°C, unless otherwise noted. Typical values are at Ta = +25°C.)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX [UNITS
EEPROM Copy Time tEEC 10 |ms
EEPROM Copy Endurance NEEC TA = +50°C (Note 6) 50,000 Cycles

Note 1: All voltages are referenced to Vss.

Note
Note
Note
Note
Note

Factory-calibrated accuracy. Higher accuracy can be achieved by in-system calibration by the user.
Parameters guaranteed by design.
At a constant regulated Vpp voltage, the Current Offset Bias register can be used to obtain higher accuracy.
Accumulation Bias register set to 00h.
EEPROM data retention is 10 years at +50°C.
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Stand-Alone Fuel-Gauge IC with
LED Display Drivers

Pin Description

PIN NAME FUNCTION
1 LED2 |Display Driver. Connect to an LED connected to Vpp for display of relative pack capacit y.
2 LED1 |Display Driver. Connect to an LED connected to Vpp for display of relative pack capacit y.
3 DVss |Display Ground. Ground connect ion for the LED display drivers. Connect to Vss.
4 VDD Power-Supply Input. Connect to the positive terminal of the battery cell through a decoupling network.
5 ovD 1-Wire Bus Speed Control. Input logic level selects the speed of the 1-Wire bus. Logic 1 selects overdrive (OVD)
land Logic O selects standard (STD) timing. On a multidrop bus, all devices must operate at the same speed.
Device Ground. Connect direct ly to the negative terminal of the battery cell. Connect the sense resistor
6 Vss
between Vss and SNS.
7 e Data Input/Output. 1-Wire data line, open-drain output driver. Connect this pin to the DATA terminal of the battery
pack. This pin has a weak internal pulldown (lpp) for sensing pack disconnect ion from host or charger.
8 VMA \Voltage Measurement Active. Output is driven high before the start of a voltage conversion and driven low at
the end of the conversion cycle.
9 SNS Sense Resistor Connection. Connect to the negative terminal of the battery pack. Connect the sense resistor
between Vss and SNS.
10 VIN \Voltage Sense Input. The voltage of the battery cell is monitored through this input pin.
Programmable 1/0 Pin. Can be configured as input or output to monitor or control user-defined external
11 PIO circuitry. Output driver is open drain. This pin has a weak internal pulldown (Ipp). When configured as an input,
upon recognit ion of a rising edge, the fuel-gauge display is enabled.
12 LEDS Display Driver. Connect to an LED connected to Vpp for display of relative pack capacit y. Leave floating in
LED4 configuration.
13 LED4 |Display Driver. Connect to an LED connected to Vpp for display of relative pack capacit y.
14 LED3 |Display Driver. Connect to an LED connected to Vpp for display of relative pack capacit y.
Vip -L ® T
> BIASIVREF TIME BASE LD
Voor —d — — LED4
LED LED3
PI0 DQ DRIVERS LED2
ovD | | LEDL
. STATUS DVss
1-Wire ® M ﬁ
AND TEMP
INTERFACE cONTROL L AND
VOLTAGE
ADC VMA
< ViN
EEPROM <):(> [ 11
RATE AND
ACCUMULATED TEMPERATURE
MAXIN <):(> CURRENT COMPENSATION
DS2788
_<):(> CURRENT ADC
SNS 15-BIT +SIGN Vs

Figure 1. Block Diagram
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Detailed Description

The DS2788 operates directly from 2.5V to 4.5V and
supports single-cell Li+ battery packs. As shown in
Figure 2, the DS2788 accommodates multicell applica-
tions by adding a trim resistor for calibration of an
external voltage-divider for VIN. NV storage is provided
for cell compensation and application parameters.
Host-side development of fuel-gauging algorithms is
eliminated. On-chip algorithms and convenient status
reporting of operating conditions reduce the serial
polling required of the host processor.

Additionally, 16 bytes of EEPROM memory are made
available for the exclusive use of the host system
and/or pack manufacturer. The additional EEPROM
memory can be used to facilitate battery lot and date
tracking and NV storage of system or battery usage
statistics.

A 1-Wire interface provides serial communication at the
standard 16kbps or overdrive 140kbps speeds, allow-
ing access to data registers, control registers, and user
memory. A unique, factory-programmed, 64-bit regis-

tration number (8-bit family code + 48-bit serial number
+ 8-bit CRC) assures that no two parts are alike and
enables absolute traceability. The 1-Wire interface on
the DS2788 supports multidrop capability so that multi-
ple slave devices can be addressed with a single pin.

Power Modes

The DS2788 has two power modes: ACTIVE and
SLEEP. On initial power-up, the DS2788 defaults to
ACTIVE mode. While in ACTIVE mode, the DS2788 is
fully functional with measurements and capacity esti-
mation continuously updated. In SLEEP mode, the
DS2788 conserves power by disabling measurement
and capacity estimation functions, but preserves regis-
ter contents. SLEEP mode is entered under two differ-
ent conditions and an enable bit for each condition
makes entry into SLEEP optional. SLEEP mode can be
enabled using the power mode (PMOD) bit or the
undervoltage enable (UVEN) bit.

The PMOD type SLEEP is entered if the PMOD bit is set
and DQ is low for tsLeep (2s nominal). The condition of
DQ low for ts_eep can be used to detect a pack discon-

PH+ O T T
IN  ENABLE
+
MNAXIMN 0.1uF
MAX6765TTLD2+
— +
RST GND —
oUT | TIMEOUT —
300 330Q > 330Q = 330Q > 330Q | P
[IO BSS84 -
B3F-1000
o YE YT YL YL VY (g
LEDL PIO
LED2 Voo
LED3
/MAXI/VI VA
LED4  Ds2788 ViN *
LED5 ovD
1500 DVss
DATA  © AVAVAY: . DQ |+ + PRATECTION E
SNS Vss 10uF 0.1pF Q CIREUIT |
56V R B '
Rss
20mQ
P o ® AVAVAY, i} . ? 3 .
Figure 2. Multicell Application Example
6 IV AKXV
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nection or system shutdown, in which no charge or dis-
charge current flows. A PMOD SLEEP condition transi-
tions back to ACTIVE mode when DQ is pulled high.

The second option for entering SLEEP is an undervolt-
age condition. When the UVEN bit is set, the DS2788
transitions to SLEEP if the voltage on VN is less than
VsLEEP (2.45V nominal) and DQ is stable at a low or
high logic level for ts_egp. An undervoltage condition
occurs when a pack is fully discharged, where loading
on the battery should be minimized. UVEN SLEEP
relieves the battery of the IacTive load until communi-
cation on DQ resumes.

Note: PMOD and UVEN SLEEP features must be dis-
abled when a battery is charged on an external charger
that does not connect to the DQ pin. PMOD SLEEP can
be used if the charger pulls DQ high. UVEN SLEEP can
be used if the charger toggles DQ. The DS2788
remains in SLEEP and therefore does not measure or
accumulate current when a battery is charged on a
charger that fails to properly drive DQ.

Initiating Communication
in Sleep

When beginning communication with a DS2788 in
PMOD SLEEP, DQ must be pulled up first and then a
1-Wire reset pulse must be issued by the master. In
UVEN SLEEP, the procedure depends on the state of
DQ when UVEN SLEEP was entered. If DQ was low,
DQ must be pulled up and then a 1-Wire reset pulse

must be issued by the master as with PMOD SLEEP. If
DQ was high when UVEN SLEEP was entered, then the
DS2788 is prepared to receive a 1-Wire reset from the
master. In the first two cases with DQ low during
SLEEP, the DS2788 does not respond to the first rising
edge of DQ with a presence pulse.

Voltage Measurement

Battery voltage is measured at the VN input with
respect to Vss over a range of 0 to 4.5V, with a resolu-
tion of 4.88mV. The result is updated every 440ms and
placed in the Voltage (VOLT) register in two’s comple-
ment form. Voltages above the maximum register value
are reported at the maximum value; voltages below the
minimum register value are reported at the minimum
value. Figure 3 shows the format of the Voltage register.

VIN is usually connected to the positive terminal of a
single-cell Li+ battery by a 1kQ resistor. The input
impedance is sufficiently large (15MQ) to be connected
to a high-impedance voltage-divider in order to support
multiple-cell applications. The pack voltage should be
divided by the number of series cells to present a sin-
gle-cell average voltage to the V|N input. In Figure 2,
the value of R can be up to 1MQ without incurring sig-
nificant error due to input loading. The VMA pin is dri-
ven high tpre before the voltage conversion begins.
This allows an external switching element to enable the
voltage-divider, and allows settling to occur before the
start of the conversion.

OLT READ ONLY

VSB—ADDRESS 0Ch LSB—ADDRESS 0Dh
S 29 |28 27 26 25 24 23 22 2t 20 X X X X X
MSb LSb MSb LSb
“$”: SIGN BIT(S), “X”: RESERVED UNITS: 4.88mV
Figure 3. Voltage Register Format
_MAXIMN 7
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Temperature Measurement

The DS2788 uses an integrated temperature sensor to
measure battery temperature with a resolution of
0.125°C. Temperature measurements are updated
every 440ms and placed in the Temperature (TEMP)
register in two’s complement form. Figure 4 shows the
format of the Temperature register.

Current Measurement

In the ACTIVE mode of operation, the DS2788 continu-
ally measures the current flow into and out of the bat-
tery by measuring the voltage drop across a low-value
current-sense resistor, Rsns. The voltage-sense range

between SNS and Vss is #51.2mV. The input linearly
converts peak signal amplitudes up to 102.4mV as long
as the continuous signal level (average over the con-
version cycle period) does not exceed 151.2mV. The
ADC samples the input differentially at 18.6kHz and
updates the Current (CURRENT) register at the com-
pletion of each conversion cycle.

The Current register is updated every 3.515s with the
current conversion result in two’s complement form.
Charge currents above the maximum register value are
reported at the maximum value (7FFFh = +51.2mV).
Discharge currents below the minimum register value
are reported at the minimum value (8000h = -51.2mV).

TEMP

READ ONLY
NISB—ADDRESS 0Ah LSB—ADDRESS 0Bh
s |° 28 27 26 25 24 23 22 |1 20 X X X X X
Msb LSh MSh LSb
“$” SIGN BIT(S), “X”: RESERVED UNITS: 0.125°C

Figure 4. Temperature Register Format

CURRENT READ
ONLY MSB—ADDRESS OEh LSB—ADDRESS 0Fh
S 214 213 212 211 210 29 28 27 06 25 04 23 22 21 20

MSb LSh MShb LSb
“$”: SIGN BIT(S) UNITS: 1.5625uV/RsNs

CURRENT RESOLUTION (1 LSB)

RsNs
\Vss - Vsns
20m 15m 10m 5m
1.5625uV 78.13uA 104.2uA 156.3uA 312.5pA

Figure 5. Current Register Format
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Average Current Measurement

The Average Current (IAVG) register reports an aver-
age current level over the preceding 28 seconds. The
register value is updated every 28s in two’s comple-
ment form, and is the average of the eight preceding
Current register updates. Figure 6 shows the format of
the Average Current register. Charge currents above
the maximum register value are reported at the maxi-
mum value (7FFFh = +51.2mV). Discharge currents
below the minimum register value are reported at the
minimum value (8000h = -51.2mV).

Current Offset Correction

Every 1024th conversion the ADC measures its input
offset to facilitate offset correction. Offset correction
occurs approximately once per hour. The resulting cor-
rection factor is applied to the subsequent 1023 mea-
surements. During the offset correction conversion, the
ADC does not measure the sense resistor signal. A
maximum error of 1/1024 in the Accumulated Current
(ACR) register is possible; however, to reduce the
error, the current measurement made just prior to the
offset conversion is displayed in the Current register
and is substituted for the dropped current measure-
ment in the current accumulation process. This results
in an accumulated current error due to offset correction
of less than 1/1024.

Current Offset Bias

The Current Offset Bias (COB) register allows a pro-
grammable offset value to be added to raw current mea-
surements. The result of the raw current measurement
plus COB is displayed as the current measurement
result in the Current register, and is used for current
accumulation. COB can be used to correct for a static
offset error, or can be used to intentionally skew the cur-
rent results and therefore the current accumulation.

COB allows read and write access. Whenever the COB
is written, the new value is applied to all subsequent
current measurements. COB can be programmed in
1.56pV steps to any value between +198.1uV and -
199.7uV. The COB value is stored as a two’s comple-
ment value in nonvolatile memory.

Current Measurement
Calibration

The DS2788’s current measurement gain can be
adjusted through the RSGAIN register, which is factory-
calibrated to meet the data sheet specified accuracy.
RSGAIN is user accessible and can be reprogrammed
after module or pack manufacture to improve the cur-
rent measurement accuracy. Adjusting RSGAIN can
correct for variation in an external sense resistor's nom-
inal value, and allows the use of low-cost, nonprecision

IAVG READ ONLY
MSB—ADDRESS 08h LSB—ADDRESS 0%h

S 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20
MSb LSh MSb LSb
“$”: SIGN BIT(S) UNITS: 1.5625uV/RsNs
Figure 6. Average Current Register Format
doB RW
AND EE ADDRESS 7Bh

s |28 25 24 23 22 21 20
MSb LSb
“$”. SIGN BIT(S) UNITS: 1.56pV/RSNS
Figure 7. Current Offset Bias Register Format
_IMAXI.M 9
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current-sense resistors. RSGAIN is an 11-bit value
stored in 2 bytes of the parameter EEPROM memory
block. The RSGAIN value adjusts the gain from 0 to
1.999 in steps of 0.001 (precisely 2-10). The user must
program RSGAIN cautiously to ensure accurate current
measurement. When shipped from the factory, the gain
calibration value is stored in two separate locations in
the parameter EEPROM block: RSGAIN, which is repro-
grammable, and FRSGAIN, which is read only. RSGAIN
determines the gain used in the current measurement.
The read-only FRSGAIN (address BOh and B1h) is pro-
vided to preserve the factory value only and is not used
in the current measurement.

Sense Resistor Temperature
Compensation

The DS2788 is capable of temperature compensating
the current-sense resistor to correct for variation in a
sense resistor's value over temperature. The DS2788 is
factory programmed with the sense resistor temperature
coefficient, RSTC, set to zero, which turns off the tem-
perature compensation function. RSTC is user accessi-
ble and can be reprogrammed after module or pack
manufacture to improve the current accuracy when
using a high temperature coefficient current-sense
resistor. RSTC is an 8-bit value stored in the parameter
EEPROM memory block. The RSTC value sets the tem-
perature coefficient from 0 to +7782ppm/°C in steps of
30.5ppm/°C. The user must program RSTC cautiously to
ensure accurate current measurement.

Temperature compensation adjustments are made
when the Temperature register crosses 0.5°C bound-
aries. The temperature compensation is most effective
with the resistor placed as close as possible to the Vss
terminal to optimize thermal coupling of the resistor to

the on-chip temperature sensor. If the current shunt is
constructed with a copper PCB trace, run the trace
under the DS2788 package if possible.

Current Accumulation

Current measurements are internally summed, or accu-
mulated, at the completion of each conversion period
with the results displayed in the ACR. The accuracy of
the ACR is dependent on both the current measure-
ment and the conversion time base. The ACR has a
range of 0 to 409.6mVh with an LSb (least significant
bit) of 6.25uVh. Additional read-only registers (ACRL)
hold fractional results of each accumulation to avoid
truncation errors. Accumulation of charge current
above the maximum register value is reported at the
maximum register value (7FFFh); conversely, accumu-
lation of discharge current below the minimum register
value is reported at the minimum value (8000h).

Read and write access is allowed to the ACR. The ACR
must be written MSB (most significant byte) first, then
LSB (least significant byte). The write must be complet-
ed within 3.515s (one ACR register update period). A
write to the ACR forces the ADC to perform an offset
correction conversion and update the internal offset
correction factor. Current measurement and accumula-
tion begins with the second conversion following a write
to the ACR. Writing the ACR clears the fractional values
in ACRL. ACR’s format is shown in Figure 8, and
ACRL’s format is shown in Figure 9.

To preserve the ACR value in case of power loss, the
ACR value is backed up to EEPROM. The ACR value is
recovered from EEPROM on power-up. See the memo-
ry map in Table 3 for specific address location and
backup frequency.

ACR R/W AND EE
MSB—ADDRESS 10h LSB—ADDRESS 11h
215 214 213 212 211 210 29 28 27 06 25 04 03 02 21 20
MSh LSb MSh LSb

UNITS: 6.25uVh/RsNs

Figure 8. Accumulated Current Register (ACR) Format
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ACRL READ ONLY
NISB—ADDRESS 12h LSB—ADDRESS 13h
211 210 29 28 27 26 25 24 23 22 21 20 X X X X
MSb LSb MSb LSb
‘X”: reserved UNITS: 1.526nVhr/RsNs
ACRLSb
RsNs
Vss- V.
ST USNS 20m 15m 10m 5m
6.25uVh 312.5uAh 416.7pAh 625uAh 1.250mAh
ACR RANGE
RsNs
Vss- V.
ST USNS 20m 15m 10m 5m
+409.6mVh +20.48Ah +27.30Ah +40.96Ah +81.92Ah
Figure 9. Fractional/Low Accumulated Current Register (ACRL) Format
AB EE
ADDRESS 61h
s |28 25 24 23 22 21 20
MSb LSb
“$”: SIGN BIT(S) UNITS: 1.5625uV/RsNS
Figure 10. Accumulation Bias Register Formats
Current Blanking Accumulation Bias
The current blanking feature modifies the current mea- The Accumulation Bias (AB) register allows an arbitrary
surement result prior to being accumulated in the ACR. bias to be introduced into the current-accumulation
Current blanking occurs conditionally when a current process. The AB can be used to account for currents
measurement (raw current + COB) falls in one of two that do not flow through the sense resistor, estimate
defined ranges. The first range prevents charge cur- currents too small to measure, estimate battery self-dis-
rents less than 100upV from being accumulated. The charge, or correct for static offset of the individual
second range prevents discharge currents less than DS2788 device. The AB register allows a user-pro-
25uV in magnitude from being accumulated. Charge- grammed positive or negative constant bias to be
current blanking is always performed, however, dis- included in the current accumulation process. The
charge-current blanking must be enabled by setting user-programmed two’'s complement value, with bit
the NBEN bit in the Control register. See the register weighting the same as the Current register, is added to
description for additional information. the ACR once per current conversion cycle. The AB
value is loaded on power-up from EEPROM memory.
Figure 10 shows the format of the AB register.
_MAXIM 11
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Capacity Estimation Algorithm

Remaining capacity estimation uses real-time mea-
sured values and stored parameters describing the cell
characteristics and application operating limits. Figure
11 describes the algorithm inputs and outputs.

Modeling Cell Stack

Characteristics

To achieve reasonable accuracy in estimating remain-
ing capacity, the cell stack performance characteristics
over temperature, load current, and charge termination

point must be considered. Since the behavior of Li+
cells is nonlinear, these characteristics must be includ-
ed in the capacity estimation to achieve an acceptable
level of accuracy in the capacity estimation. The
FuelPack™ method used in the DS2788 is described in
general in Application Note 131: Lithium-lon Cell Fuel
Gauging with Maxim Battery Monitor ICs. To facilitate
efficient implementation in hardware, a modified ver-
sion of the method outlined in AN131 is used to store
cell characteristics in the DS2788. Full and empty
points are retrieved in a lookup process that retraces
piece-wise linear model consisting of three curves

VOLTAGE R) —————>>| FULL FULLT)  (R)
TEMPERATURE R) ————— | ACTIVE EMPTY  AE(T) R |
CAPACITY LOOKUP
CURRENT | R ——> »-{ STANDBY EMPTY  SE(T) R |
AVAILABLE CAPACITY CALCULATION
AGCUMULATED CURRENT (ACR) (RW) > ACR HOUSEKEEPING . REMAINING ACTIVE ABSOLUTE
<1 " ICAPACITY (RAAC) mAh R)
A[ERAGE CURRENT R) AGE ESTIMATOR - [REMAINING STANDBY ABSOLUTE
B LEARN FUNCTION CAPACITY (RSAC) mAh R)
_ |REMAINING ACTIVE RELATIVE
CELL|PARAMETERS CAPACITY (RARC) % R
16 BYTE (EEPROM) > REMAINING STANDBY RELATIVE
AA | AAAAA CAPACITY (RSRC) % R)
AGING CAPACITY (A2 BYTES EE)
AGE SCALAR (AS) (11B¥TE £5)
SHNSE RESISTOR PRIME (RSNSP) (1 -BYTE EE) <
CHARGE VOLTAGE (\CHG) (1-BYTE EE)
M[NIMUM CHARGE CURRENT (IMIN) (1-BYTE EE)
AGTIVE EMPTY VOLTIAGE (VAE) (1-BYTE EE)
AGTIVE EMPTY CURRENT (AE) (1-BYTE EE)
Fjgure 11. Top|Level Algorithm Diagram
FuelPack is a trademark of Maxim Integrated Products, Inc.
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named full, active empty, and standby empty. Each
model curve is constructed with five line segments,
numbered 1 through 5. Above +50°C, the segment 5
model curves extend infinitely with zero slope, approxi-
mating the nearly flat change in capacity of Li+ cells at
temperatures above +50°C. Segment 4 of each model
curves originates at +50°C on its upper end and
extends downward in temperature to +25°C. Segment

3 joins with segment 2, which in turn joins with segment

1. Segment 1 of each model curve extends from the
junction with segment 2 to infinitely colder tempera-
tures. Segment slopes are stored as pVh ppm change
per °C. The two junctions or breakpoints that join the
segments (labeled TBP12 and TBP23 in Figure 12) are
programmable in 1°C increments from -128°C to

+25°C. They are stored in two’s complement format,
TBP23 at 7Ch, and TBP12 at 7Dh. The slope or deriva-
tive for segments 1, 2, 3, and 4 are also programmable.

Full: The full curve defines how the full point of a given
cell stack depends on temperature for a given charge
termination. The charge termination method used in the
application is used to determine the table values. The
DS2788 reconstructs the full line from cell characteristic
table values to determine the full capacity of the battery
at each temperature. Reconstruction occurs in one-
degree temperature increments. Full values are stored
as ppm change per °C. For example, if a cell had a
nominal capacity of 1214mAh at +50°C, a full value of
1199mAh at +25°C, and 1182mAh at 0°C (TBP23), the
slope for segment 3 would be:

((1199mAh - 1182mAh) / (1214mAh / 1M)) / (25°C
- 0°C) = 560ppm/°C

1 LSB of the slope registers equals 61ppm so the full
segment 3 slope register (location 0x6Dh) would be
programmed with a value of 0x09h. Each Slope register
has a dynamic range Oppm to 15555ppm.

SEGMENT 1

100% -

DERIVATIVE (ppm/°C)

EMPTY

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

:

I ACTIVE
{

L EMPTY
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

SEGMENT 3 : SEGMENT 4 | SEGMENT 5
: o N\
b 7
1
1
1
1
1
1
1
1
1
1
1
1
1
;
CELL
CHARACTERIZATION

STANDBY

+25°C

Figure 12. Cell Model Example Diagram
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Active Empty: The active empty curve defines the tem-
perature variation in the empty point of the discharge
profile based on a high-level load current (one that is
sustained during a high-power operating mode) and
the minimum voltage required for system operation.
This load current is programmed as the active empty
current (IAE), and should be a 3.5s average value to
correspond to values read from the Current register
and the specified minimum voltage, or active empty
voltage (VAE) should be a 250ms average to corre-
spond to values read from the Voltage register. The
DS2788 reconstructs the active empty line from cell
characteristic table values to determine the active
empty capacity of the battery at each temperature.
Reconstruction occurs in one-degree temperature
increments. Active empty segment slopes are stored
the same as described for the full segments.

Standby Empty: The standby empty curve defines the
temperature variation in the empty point in the dis-
charge defined by the application standby current and
the minimum voltage required for standby operation.
Standby empty represents the point that the battery
can no longer support a subset of the full application
operation, such as memory data retention or organizer
functions on a wireless handset. Standby empty seg-
ment slopes are stored the same as described for the
full segments.

Figure 13. Lookup Function Diagram

The standby load current and voltage are used for
determining the cell characteristics but are not pro-
grammed into the DS2788. The DS2788 reconstructs
the standby empty line from cell characteristic table
values to determine the standby empty capacity of the
battery at each temperature. Reconstruction occurs in
one-degree temperature increments.

Cell Stack Model Construction

The model is constructed with all points normalized to
the fully charged state at +50°C. The cell parameter
EEPROM block stores the initial values, the +50°C full
value in mVh units, and the +50°C active empty value
as a fraction of the +50°C value. Standby empty at
+50°C is by definition zero and therefore no storage is
required. The slopes (derivatives) of the 4 segments for
each model curve are also stored in the cell parameter
EEPROM block along with the break point temperatures
of each segment. Table 1 shows an example of data
stored in this manner.

CELL MODEL
PARAMETERS
15 BYTES
(EEPROM)

TEMPERATURE

FULL(T)

\

LOOKUP

FUNCTION AEM

SE(T)

Table 1. Example Cell Characterization Table (Normalized to +50°C)

Manufacturer’s Rated Cell Capacity: 1220mAh

Charge Voltage: 4.2V |Charge Current: 500mA

|Termination Current: 50mA

Active Empty (V, I): 3.0V, 500mA

Standby Empty (V, I): 3.0V, 4mA

Sense Resistor: 0.020

SEGMENT BREAKPOINTS
TBP12 = -12°C
TBP23 = 0°C
CALCULATED VALUE +50°C NOMINAL SEGI\ﬁIENTl SEGI\iIENTZ SEGI\iIENT3 SEGI\iIENT4
(mAh) (Ppm/°C) (Ppm/°C) (ppm/°C) (ppm/°C)
Full 1214 488 549 1587 2686
Active Empty 854 1526 2686 3113
Standby Empty 244 183 916 244
14 IV AKXV
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Application Parameters

In addition to cell model characteristics, several appli-
cation parameters are needed to detect the full and
empty points, as well as calculate results in mAh units.

Sense Resistor Prime (RSNSP) RSNSP stores
the value of the sense resistor for use in computing the
absolute capacity results. The value is stored as a 1-
byte conductance value with units of mhos. RSNSP
supports resistor values of 1Q to

3.922mQ. RSNSP is located in the parameter EEPROM
block.

Charge Voltage (VCHG) VCHG stores the
charge voltage threshold used to detect a fully
charged state. The value is stored as a

1-byte voltage with units of 19.52mV and can range
from 0 to 4.978V. VCHG should be set marginally less
than the cell voltage at the end of the charge cycle to
ensure reliable charge termination detection. VCHG is
located in the parameter EEPROM block.

Minimum Charge Current (IMIN) IMIN stores the
charge current threshold used to detect a fully charged
state. The value is stored as a 1-byte value with units
of 50pV and can range from O to

12.75mV. Assuming Rsns = 20mQ, IMIN can be pro-
grammed from O to 637.5mA in 2.5mA steps. IMIN
should be set marginally greater than the charge cur-
rent at the end of the charge cycle to ensure reliable
charge termination detection. IMIN is located in the
parameter EEPROM block.

Active Empty Voltage (VAE) VAE stores the
voltage threshold used to detect the active empty
point. The value is stored in 1 byte with units of
19.52mV and can range from O to 4.978V. VAE is
located in the parameter EEPROM block.

Active Empty Current (IAE) IAE stores the
discharge current threshold used to detect the active
empty point. The unsigned value rep- resents the
magnitude of the discharge current and is stored in 1
byte with units of 200uV and can range from

0 to 51.2mV. Assuming RSNS = 20m&, IAE can be pro-
grammed from OmMA to 2550mA in 10mA steps. IAE is
located in the parameter EEPROM block.

Aging Capacity (AC) AC stores the rated battery
capacity used in estimating the decrease in battery
capacity that occurs in normal use. The value is stored
in 2 bytes in the same units as the ACR (6.25pVh).
Setting AC to the manufacturer’s rated capacity sets
the aging rate to approximately

_MAXIMN

2.4% per 100 cycles of equivalent full capacity dis-
charges. Partial discharge cycles are added to form
equivalent full capacity discharges. The default estima-
tion results in 88% capacity after 500 equivalent cycles.
The estimated aging rate can be adjusted by setting
AC to a different value than the cell manufacturer’s rat-
ing. Setting AC to a lower value, accelerates the esti-
mated aging. Setting AC to a higher value retards the
estimated aging. AC is located in the parameter
EEPROM block.

Age Scalar (AS) AS adjusts the capacity estimation
results downward to compensate for cell aging. AS is
a l-byte value that represents values between 49.2%
and 100%. The LSB is weighted at 0.78% (precisely 2-
7). A value of 100% (128 decimal or 80h) represents
an unaged battery. A value of 95% is recommended
as the starting AS value at the time of pack
manufacture to allow learning a larg- er capacity on
batteries that have an initial capacity greater than
the nominal capacity programmed in the cell
characteristic table. AS is modified by the cycle-
count-based age estimation introduced above and by
the capacity learn function. The host system has read
and write access to AS, however caution should be
exercised when writing AS to ensure that the cumula-
tive aging estimate is not overwritten with an incorrect
value. Typically, it is not necessary for the host to write
AS because the DS2788 automatically saves AS to
EEPROM on a periodic basis. (See the Memory section
for details.) The EEPROM-stored value of AS is recalled
on power-up.

Capacity Estimation Ultility
Functions

Aging Estimation As previously discussed, the
AS register value is adjusted occasionally based on
cumulative discharge. As the ACR register decrements
during each discharge cycle, an internal counter is
incremented until equal to

32 times AC. AS is then decremented by one, resulting
in a decrease in the scaled full battery capacity of
0.78%. See the AC register description for recommen-
dations on customizing the age estimation rate.

Learn Function Since Li+ cells exhibit charge
efficiencies near unity, the charge delivered to a Li+ cell
from a known empty point to a known full point is a
dependable  measure of the cell capacity. A
continuous charge from empty to full results in a
“learn cycle.” First, the active empty point must be
detected. The learn flag (LEARNF) is set at this point.
Second, once charging starts, the charge must
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continue uninterrupted until the battery is charged to
full. Upon detecting full, LEARNF is cleared, the charge-
to-full (CHGTF) flag is set, and the age scalar (AS) is
adjusted according to the learned capacity of the cell.

ACR Housekeeping The ACR register value is
adjusted occasionally to maintain the coulomb count
within the model curve boundaries. When the battery is
charged to full (CHGTF set), the ACR is set equal to the
age-scaled full lookup value at the present temperature.
If a learn cycle is in progress, correction of the ACR
value occurs after the age scalar (AS) is updated.

When an empty condition is detected (AEF or LEARNF
set), the ACR adjustment is conditional. If AEF is set
and LEARNF is not, the active empty point was not
detected and the battery is likely below the active
empty capacity of the model. The ACR is set to the
active empty model value only if it is greater than the
active empty model value. If LEARNF is set, the battery
is at the active empty point and the ACR is set to the
active empty model value.

Full Detect Full detection occurs when the voltage
(VOLT) readings remain continuously above the VCHG
threshold for the period between two average current
(IAVG) readings, where both IAVG readings are below
IMIN. The two consecutive IAVG readings must also
be positive and nonzero. This ensures that removing
the battery from the charger does not result in a false
detection of full. Full detect sets the charge-to-full
(CHGTEF) bit in the Status (STATUS) register.

Active Empty Point Detect Active empty point
detection occurs when the Voltage register drops
below the VAE threshold and the two previous current
readings are above IAE. This captures the event of the
battery reaching the active empty point. Note that the
two previous current readings must be negative and
greater in magnitude than IAE, that is, a larger
discharge current than specified by the IAE threshold.
Qualifying the voltage level with the dis- charge rate
ensures that the active empty point is not detected at
loads much lighter than those used to con- struct the
model. Also, active empty must not be detected
when a deep discharge at a very light load is followed
by a load greater than IAE. Either case would cause a
learn cycle on the following charge-to-full to include
part of the standby capacity in the measure- ment of
the active capacity. Active empty detection sets the
learn flag bit (LEARNF) in STATUS.

16

IC with

Result Registers

The DS2788 processes measurement and cell charac-
teristics on a 3.5s interval and yields seven result regis-
ters. The result registers are sufficient for direct display
to the user in most applications. The host system can
produce customized values for system use or user dis-
play by combining measurement, result, and user
EEPROM values.

FULL(T): The full capacity of the battery at the present
temperature is reported normalized to the +50°C full
value. This 15-bit value reflects the cell model full value
at the given temperature. FULL(T) reports values
between 100% and 50% with a resolution of 61ppm
(precisely 2-14). Though the register format permits val-
ues greater than 100%, the register value is clamped to
a maximum value of 100%.

Active Empty, AE(T): The active empty capacity of the
battery at the present temperature is reported normal-
ized to the +50°C full value. This 13-bit value reflects
the cell model active empty at the given temperature.
AE(T) reports values between 0% and 49.8% with a
resolution of 61ppm (precisely 2-14).

Standby Empty, SE(T): The standby empty capacity of
the battery at the present temperature is reported nor-
malized to the +50°C full value. This 13-bit value
reflects the cell model standby empty value at the cur-
rent temperature. SE(T) reports values between 0% and
49.8% with a resolution of 61ppm (precisely 2-14).

Remaining Active Absolute Capacity, RAAC [mAh]:
RAAC reports the capacity available under the current
temperature conditions at the active empty discharge
rate (IAE) to the active empty point in absolute units of
milliamp/hours (mAh). RAAC is 16 bits. See Figure 14.

Remaining Standby Absolute Capacity, RSAC [mAh]:
RSAC reports the capacity available under the current
temperature conditions at the standby empty discharge
rate (ISE) to the standby empty point capacity in
absolute units of mAh. RSAC is 16 bits. See Figure 15.

Remaining Active Relative Capacity, RARC [%]:
RARC reports the capacity available under the current
temperature conditions at the active empty discharge
rate (IAE) to the active empty point in relative units of
percent. RARC s 8 bits. See Figure 16.

Remaining Standby Relative Capacity, RSRC [%]:
RSRC reports the capacity available under the current
temperature conditions at the standby empty discharge
rate (ISE) to the standby empty point capacity in rela-
tive units of percent. RSRC is 8 bits. See Figure 17.

MAXI

——

180

'



Stand-Alone Fuel-Gauge IC with

LED Display Drivers

RAAC READ ONLY
MSB—ADDRESS 02h LSB—ADDRESS 03h
215 214 213 212 211 210 29 28 27 26 25 04 23 22 21 20
MShb LSh MShb LSb

UNITS: 1.6mAhr

Figure 14. Remaining Active Absolute Capacity Register Format

HSAC READ
AQNLY MSB—ADDRESS 04h LSB—ADDRESS 05h
214 213 212 211 210 29 28 27 26 25 24 23 22 21 20
LSb MSb LSb
UNITS: 1.6mAhr
Figure 15. Remaining Standby Absolute Capacity Register Format
RARC READ
QONLY ADDRESS 06h
27 26 25 24 23 22 21 20
MSb LSb
UNITS: 1%
Figure 16. Remaining Active Relative Capacity Register Format
HSRC READ
AONLY ADDRESS 07h
27 26 25 24 23 22 21 20
MSb LSb
UNITS: 1%

Figure 17. Remaining Standby Relative Capacity Register Format
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Calculation of Results

RAAC [mAh] = (ACR[MVh] - AE(T) x FULL50[mVh]) x RSNSP [mhos]
RSAC [mAh] = (ACR[mVh] - SE(T) x FULL50[mVh]) x RSNSP [mhos]
RARC [%] = 100% x (ACR[mVh] - AE(T) x FULL50[mVh]) / {(AS x FULL(T) - AE(T)) x FULL50[mVh]}
RSRC [%] = 100% x (ACR[mVh] - SE(T) x FULL50[mVh]) / {(AS x FULL(T) - SE(T)) x FULL50[mVh]}

Status Register

The Status register contains bits that report the device bits that can be cleared by hardware. The UVF and
status. The bits can be set internally by the DS2788. PORF bits can only be cleared through the 1-Wire

The CHGTF, AEF, SEF, and LEARNF bits are read-only interface.
IADDRESS 01h BIT DEFINITION
Field Bit Format Allowable Values

Charge Termination Flag

Set to 1 when: (VOLT > VCHG) and (0 < IAVG < IMIN) continuously for a period
between two |IAVG register updates (28s to 565).

Cleared to 0 when: RARC < 90%

CHGTF 7 Read Only

IActive Empty Flag
AEF 6 Read Only Setto 1 when: VOLT < VAE
Cleared to 0 when: RARC > 5%

Standby Empty Flag
SEF 5 Read Only Setto 1 when: RSRC < 10%
Cleared to 0 when: RSRC > 15%

Learn Flag—When set to 1, a charge cycle can be used to learn battery capacity. Set
to 1 when: (VOLT falls from above VAE to below VAE) and (CURRENT > |AE)

LEARNF 4 Read Onl
cad Only Cleared to 0 when: (CHGTF = 1) or (CURRENT < 0) or (ACR = 0**) or (ACR
written or recalled from EEPROM) or (SLEEP Entered).
Reserved 3 Read Only Undefined

Undervoltage Flag
UVF 2 Read/Write*  [Setto 1 when: VOLT < VsSLEEP
Cleared to O by: User

Power-On Reset Flag—Useful for reset detection, see text below.
PORF 1 Read/Write*  [Setto 1 when: upon power-up by hardware.
Cleared to O by: User

Reserved 0 Read Only Undefined

*

This bit can be set by the DS2788, and can only be cleared through the 1-Wire interface.
*LEARNF is only cleared if ACRreaches 0 after VOLT < VAE.

Figure 18. Status Register Format
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Control Register [J

All Control register bits are read and write accessible. be modified in shadow RAM after power-up. Shadow
The Control register is recalled from parameter RAM values can be saved as the power-up default val- N
EEPROM memory at power-up. Register bit values can ues by using the Copy Data command. ~l
IADDRESS 60h BIT DEFINITION
Field Bit Format Allowable Values

Negative Blanking Enable
NBEN 7 Read/Write 0: Allows negative current readings to always be accumulated.
1: Enables blanking of negative current readings up to -25uV.

Undervoltage SLEEP Enable

0: Disables transition to SLEEP mode based on V|N voltage.

1: Enables transition to SLEEP mode if ViN < VsLEgp and DQ are stable at either
logic level for ts EEP.

UVEN 6 Read/Write

Power Mode Enable
PMOD 5 Read/Write 0: Disables transition to SLEEP mode based on DQ logic state.
1: Enables transition to SLEEP mode if DQ is at a logic-low for tsLEEP.

Read Net Address Op Code
RNAOP 4 Read/Write 0: Read net address command = 33h.
1: Read net address command = 39h.

Display Control
DC 3 Read/Write 0: Enables LEDS fuel-gauge display.
1: Enables LED4 fuel-gauge display.

Reserved 0:2 Undefined

Figure 19. Control Register Format
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Special Feature Register

All Special Feature register bits are read and write acces-
sible, with default values specified in each bit definition.

IADDRESS 15h

BIT DEFINITION

Field Bit Format

Allowable Values

Reserved 1:7 Undefined

Read values:
0: PIO pin VL
1: PIO pin  VIH

\Write values:

PIOSC 0 Read/Write

an input.

PIO Sense and Control

0: Activates PIO pin open-drain output driver, forcing the PIO pin low.
1: Disables the output driver, allowing the PIO pin to be pulled high or used as

Power-up and SLEEP mode default: 1 (PIO pin is high-2).
Note: PIO pin has weak pulldown.

Figure 20. Special Feature Register Format

Fuel-Gauge Display

20

Table 2. Fuel-Gauge Display Summary

The DS2788 provides five open-drain drivers capable 5 LEDs. DC: 0 4 LEDs. DC: 1
of sinking 30mA. These can be used to directly drive  [CAPACITY LED5-LED1 LED4—LED1
either 4 or 5 LEDs to display Remaining Active Relative
Pack Capacity (RARC). The LEDs are enabled when [RARC 10 XXXXB XXXB
the PIO is configured as an input and the PIO pin rec- 10 < RARC 20 XXXXL XXXL
ognizes a rising edge. The display lights for 4s and 20 < RARC 25 XXXLL XXXL
then is disabled regardless of the state of the PIO pin. 5 < RARC 40 OXLL YXLL
Further presses or releases of the button connected to
the PIO pin after the 100ms debounce delay causes A0 < RARC 50 XXLLL XXLL
the display to be enabled (the display does not light 50 < RARC 60 XXLLL XLLL
continuously if the button is held down). 60 < RARC 75 XLLLL XLLL
Table 2 summarizes how the LEDs are enabled. B sig- 75 < RARC 80 XLLLL LLLL
nifies that the LED is blinking at a SQ% duty cycle, 0.5s 80 < RARC 100 LLLLL LLLL
on, 0.5s off, to be repeated for the display time of 4s. L
signifies the pin is pulled low, and the LED is lit. X signi-
fies the pin is high impedance, and the LED is unlit.
AKXV
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The EEPROM register provides access control of the
EEPROM blocks. EEPROM blocks can be locked to pre-

EEPROM Register

disables write access to the block. Once a block is
locked, it cannot be unlocked. Read access to EEPROM

vent alteration of data within the block. Locking a block blocks is unaffected by the lock/unlock status.
IADDRESS 1Fh BIT DEFINITION

Field Bit Format Allowable Values
EEPROM Copy Flag
Set to 1 when: Copy Data command executed.

EEC 7 Read Only Cleared to 0 when: Copy Data command completes.

Note: While EEC = 1, writes to EEPROM addresses are ignored.
Power-up default: 0
EEPROM Lock Enable
Host write to 1: Enables the Lock command. Host must issue Lock command as
. next command after writing lock enable bit to 1.
Read/Write to . ;

LOCK 6 1 Cleared to 0 when: Lock command completes or when Lock command is not the
command issued immediately following the Write command used to set the loc k
enable bit.

Power-up default: O
Reserved 2:6 Undefined

EEPROM Block 1 Lock Flag (Parameter EEPROM 60h-7Fh)
0: EEPROM is not locked.

BLL 1 [ReadOnly . EeprOM block is locked.
Factory default: O
EEPROM Block 0 Lock Flag (User EEPROM 20h-2Fh)
0: EEPROM is not locked.

BL R |

0 0 ead Only 1: EEPROM block is locked.

Factory default: 0

Figure 21. EEPROM Register Format
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Memory

The DS2788 has a 256-byte linear memory space with
registers for instrumentation, status, and control, as well
as EEPROM memory blocks to store parameters and
user information. Byte addresses designated as
“Reserved” return undefined data when read. Reserved
bytes should not be written. Several byte registers are
paired into two-byte registers in order to store 16-bit val-
ues. The MSB of the 16-bit value is located at a even
address and the LSB is located at the next address
(odd) byte. When the MSB of a two-byte register is read,
the MSB and LSB are latched simultaneously and held
for the duration of the Read-Data command to prevent
updates to the LSB during the read. This ensures syn-
chronization between the two register bytes. For consis-
tent results, always read the MSB and the LSB of a
two-byte register during the same Read Data command
sequence.

EEPROM memory consists of the NV EEPROM cells over-
laid with volatile shadow RAM. The Read Data and Write
Data commands allow the 1-Wire interface to directly
accesses only the shadow RAM. The Copy Data and
Recall Data function commands transfer data between
the shadow RAM and the EEPROM cells. To modify the
data stored in the EEPROM cells, data must be written to
the shadow RAM and then copied to the EEPROM. To

Table 3. Memory Map

verify the data stored in the EEPROM cells, the EEPROM
data must be recalled to the shadow RAM and then read
from the shadow RAM.

User EEPROM

A 16-byte user EEPROM memory (block 0, addresses
20h—2Fh) provides NV memory that is uncommitted to
other DS2788 functions. Accessing the user EEPROM
block does not affect the operation of the DS2788. User
EEPROM is lockable, and once locked, write access is
not allowed. The battery pack or host system manufac-
turer can program lot codes, date codes, and other
manufacturing, warranty, or diagnostic information and
then lock it to safeguard the data. User EEPROM can
also store parameters for charging to support different
size batteries in a host device as well as auxiliary model
data such as time to full charge estimation parameters.

Parameter EEPROM Model data for the cells
and application operating parameters are stored in
the parameter EEPROM mem- ory (block 1, addresses
60h—7Fh). The ACR (MSB and LSB) and AS registers
are automatically saved to EEP- ROM when the RARC
result crosses 4% boundaries. This allows the
DS2788 to be located outside the pro- tection FETSs.
In this manner, if a protection device is triggered,
the DS2788 cannot lose more that 4% of charge or
discharge data.

ADDRESS (HEX) DESCRIPTION READ/WRITE
00 Reserved R
01 ISTATUS: Status Register R/W
02 RAAC: Remaining Active Absolute Capacity MSB R
03 RAAC: Remaining Active Absolute Capacity LSB R
04 RSAC: Remaining Standby Absolute Capacity MSB R
05 RSAC: Remaining Standby Absolute Capacity LSB R
06 RARC: Remaining Active Relative Capacity R
07 RSRC: Remaining Standby Relative Capacity R
08 IAVG: Average Current Register MSB R
09 IAVG: Average Current Register LSB R
OA TEMP: Temperature Register MSB R
0B TEMP: Temperature Register LSB R
oC IVOLT: Voltage Register MSB R
oD \VOLT: Voltage Register LSB R
OE ICURRENT: Current Register MSB R
OF CURRENT: Current Register LSB R
10 IACR: Accumulated Current Register MSB R/W*
11 IACR: Accumulated Current Register LSB R/W*
22 AKXV
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Table 3. Memory Map (continued)

ADDRESS (HEX) DESCRIPTION READ/WRITE
12 IACRL: Low Accumulated Current Register MSB R
13 IACRL: Low Accumulated Current Register LSB R
14 IAS: Age Scalar R/W*
15 ISFR: Special Feature Register R/W
16 FULL: Full Capacit y MSB R
17 FULL: Full Capacity LSB R
18 IAE: Active Empty MSB R
19 IAE: Active Empty LSB R
1A SE: Standby Empty MSB R
1B ISE: Standby Empty LSB R

1Cto 1E Reserved —
1F EEPROM: EEPROM Register R/W
20 to 2F User EEPROM, Lockable, Block O R/IW
30 to 5F Reserved —
60 to 7F Parameter EEPROM, Lockable, Block 1 R/W
80 to AD Reserved —
AE FVGAIN: Factory Voltage Gain MSB R
AF FVGAIN: Factory Voltage Gain LSB R
BO FRSGAIN: Factory Sense Resistor Gain MSB R
Bl FRSGAIN: Factory Sense Resistor Gain LSB R
B2 to FF Reserved —

*Register value is automatically saved to EEPROM during ACTIVE mode operation and recalled from EEPROM on power-up.

Table 4. Parameter EEPROM Memory Block 1

ADDRESS (HEX) DESCRIPTION IADDRESS (HEX) [DESCRIPTION
60 ICONTROL: Control Register 70 IAE Segment 4 Slope
61 IAB: Accumulation Bias 71 IAE Segment 3 Slope
62 IAC: Aging Capacit y MSB 72 IAE Segment 2 Slope
63 IAC: Aging Capacity LSB 73 IAE Segment 1 Slope
64 VCHG: Charge Voltage 74 SE Segment 4 Slope
65 IMIN: Minimum Charge Current 75 SE Segment 3 Slope
66 \VAE: Active Empty Voltage 76 ISE Segment 2 Slope
67 IAE: Active Empty Current 77 SE Segment 1 Slope
68 /Active Empty 50 78 RSGAIN: Sense Resistor Gain MSB
69 RSNSP: Sense Resistor Prime 79 RSGAIN: Sense Resistor Gain LSB
6A Full 50 MSB A RSTC: Sense Resistor Temp Coefficient
6B Full 50 LSB 7B ICOB: Current Offset Bias
6C Full Segment 4 Slope 7C TBP23
6D Full Segment 3 Slope 7D TBP12
6E Full Segment 2 Slope TE \VGAIN: Voltage Gain MSB
6F Full Segment 1 Slope 7F IVGAIN: Voltage Gain LSB
_ M AXIV 23
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1-Wire Bus System

The 1-Wire bus is a system that has a single bus mas-
ter and one or more slaves. A multidrop bus is a 1-Wire
bus with multiple slaves. A single-drop bus has only
one slave device. In all instances, the DS2788 is a
slave device. The bus master is typically a micro-
processor in the host system. The discussion of this
bus system consists of four topics: 64-bit net address,
hardware configuration, transaction sequence, and
1-Wire signaling.

64-Bit Net Address

Each DS2788 has a unique, factory-programmed
1-Wire net address that is 64 bits in length. The first
eight bits are the 1-Wire family code (32h for DS2788).
The next 48 bits are a unique serial number. The last
eight bits are a cyclic redundancy check (CRC) of the
first 56 bits (see Figure 22). The 64-bit net address and
the 1-Wire 1/O circuitry built into the device enable the
DS2788 to communicate through the 1-Wire protocol
detailed in the 1-Wire Bus System section.

CRC Generation

The DS2788 has an 8-bit CRC stored in the MSB of its
1-Wire net address. To ensure error-free transmission
of the address, the host system can compute a CRC
value from the first 56 bits of the address and compare
it to the CRC from the DS2788. The host system is
responsible for verifying the CRC value and taking
action as a result. The DS2788 does not compare CRC

values and does not prevent a command sequence
from proceeding as a result of a CRC mismatch. Proper
use of the CRC can result in a communication channel
with a very high level of integrity.

The CRC can be generated by the host using a circuit
consisting of a shift register and XOR gates as shown
in Figure 23, or it can be generated in software.
Additional information about the Maxim 1-Wire CRC is
available in Application Note 27: Understanding and
Using Cyclic Redundancy Checks with Maxim _iButton
Products.

In the circuit in Figure 23, the shift register bits are ini-
tialized to 0. Then, starting with the LSb of the family
code, one bhit at a time is shifted in. After the 8th bit of
the family code has been entered, then the serial num-
ber is entered. After the 48th bit of the serial number
has been entered, the shift register contains the CRC
value.

Hardware Configuration Because the 1-Wire
bus has only a single line, it is important that each
device on the bus be able to drive it at the appropriate
time. To facilitate this, each device attached to the 1-
Wire bus must connect to the bus with open-drain
or three-state output drivers. The DS2788 uses an
open-drain output driver as part of the bidirectional
interface circuitry shown in Figure 24. If a bidirectional
pin is not available on the bus master, separate
output and input pins can be connected together.

8LBIT CRC 48-BIT SERIAL NUMBER 8-BIT FAMILY
dODE (32h)
MSb LSb

Figure 22. 1-Wire Net Address Format

INPUT

o g B B 7 B

/
XOR

Figure 23. 1-Wire CRC Generation Block Diagram

iButton is a registered trademark of Maxim Integrated Products, Inc.
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The 1-Wire bus must have a pullup resistor at the bus-
master end of the bus. For short line lengths, the value
of this resistor should be approximately 5kQ. The idle
state for the 1-Wire bus is high. If, for any reason, a bus
transaction must be suspended, the bus must be left in
the idle state to properly resume the transaction later. If
the bus is left low for more than 120us (16us for over-
drive speed), slave devices on the bus begin to inter-
pret the low period as a reset pulse, effectively
terminating the transaction.

The DS2788 can operate in two communication speed
modes, standard and overdrive. The speed mode is
determined by the input logic level of the OVD pin with a
logic 0 selecting standard speed and a logic 1
selecting overdrive speed. The OVD pin must be at a
stable logic level of 0 or 1 before initializing a transac-
tion with a reset pulse. All 1-Wire devices on a multin-
ode bus must operate at the same communication
speed for proper operation. 1-Wire timing for both stan-
dard and overdrive speeds are listed in the Electrical
Characteristics: 1-Wire Interface tables.

Transaction Sequence
The protocol for accessing the DS2788 through the
1-Wire port is as follows:

e Initialization
* Net Address Commands
* Function Command

 Transaction/Data

The sections that follow describe each of these steps in
detail.

All transactions of the 1-Wire bus begin with an initial-
ization sequence consisting of a reset pulse transmitted
by the bus master, followed by a presence pulse simul-
taneously transmitted by the DS2788 and any other
slaves on the bus. The presence pulse tells the bus
master that one or more devices are on the bus and
ready to operate. For more details, see the 1-Wire
Signaling section.

Net Address Commands Once the bus master
has detected the presence of one or more slaves, it
can issue one of the net address commands
described in the following paragraphs. The name of
each ROM command is followed by the 8-bit op code
for that command in square brackets. Figure 25
presents a transaction flowchart of the net address
commands.

Read Net Address [33h or 39h]. This command allows
the bus master to read the DS2788’s 1-Wire net
address. This command can only be used if there is a
single slave on the bus. If more than one slave is pre-
sent, a data collision occurs when all slaves try to trans-
mit at the same time (open drain produces a
wired-AND result). The RNAOP bit in the Status register
selects the op code for this command, with RNAOP = 0
indicating 33h and RNAOP = 1 indicating 39h.

VpuLLUP
(2.0V TO5.5V)

BUS MASTER

4.7kQ

DS2788 1-Wire PORT

= RECEIVE Tx = TRANSMIT

2

Flaure 241 \Wire Bustnterface-Circuitns
gHe—<4——HHe-aHSHHeHa H-GHHHY

*— D% Rx
(TYP) l }7 T

100Q MOSFET
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Match Net Address [55h]. This command allows the
bus master to specifically address one DS2788 on the
1-Wire bus. Only the addressed DS2788 responds to
any subsequent function command. All other slave
devices ignore the function command and wait for a
reset pulse. This command can be used with one or
more slave devices on the bus.

Skip Net Address [CCh]. This command saves time
when there is only one DS2788 on the bus by allowing
the bus master to issue a function command without
specifying the address of the slave. If more than one
slave device is present on the bus, a subsequent func-
tion command can cause a data collision when all
slaves transmit data at the same time.

Search Net Address [FOh]. This command allows the
bus master to use a process of elimination to identify
the 1-Wire net addresses of all slave devices on the
bus. The search process involves the repetition of a
simple three-step routine: read a bit, read the comple-
ment of the bit, then write the desired value of that bit.
The bus master performs this simple three-step routine
on each bit location of the net address. After one com-
plete pass through all 64 bits, the bus master knows
the address of one device. The remaining devices can
then be identified on additional iterations of the
process. See Chapter 5 of the Book of _iButton
Standards for a comprehensive discussion of a net
address search, including an actual example
(www.maxim-ic.com/ibuttonbook).

Resume [A5h]. This command increases data through-
put in multidrop environments where the DS2788 needs
to be accessed several times. Resume is similar to the
Skip Net Address command in that the 64-bit net
address does not have to be transmitted each time the
DS2788 is accessed. After successfully executing a
Match Net Address command or Search Net Address
command, an internal flag is set in the DS2788. When
the flag is set, the DS2788 can be repeatedly accessed
through the Resume command function. Accessing
another device on the bus clears the flag, thus prevent-
ing two or more devices from simultaneously respond-
ing to the Resume command function.

26

Function Commands After successfully
completing one of the net address commands, the
bus master can access the features of the DS2788
with any of the function commands described in
the following paragraphs. The name of each function
is followed by the 8-bit op code for that command in
square brackets. Table 5 summarizes the function
commands.

Read Data [69h, XX]. This command reads data from
the DS2788 starting at memory address XX. The LSb of
the data in address XX is available to be read immedi-
ately after the MSb of the address has been entered.
Because the address is automatically incremented after
the MSb of each byte is received, the LSb of the data at
address XX + 1 is available to be read immediately
after the MSb of the data at address XX. If the bus mas-
ter continues to read beyond address FFh, data is read
starting at memory address 00 and the address is auto-
matically incremented until a reset pulse occurs.
Addresses labeled “Reserved” in the memory map
contain undefined data values. The Read Data com-
mand can be terminated by the bus master with a reset
pulse at any bit boundary. Reads from EEPROM block
addresses return the data in the shadow RAM. A Recall
Data command is required to transfer data from the
EEPROM to the shadow. See the Memory section for
more details.

Write Data [6Ch, XX]. This command writes data to the
DS2788 starting at memory address XX. The LSb of the
data to be stored at address XX can be written immedi-
ately after the MSb of address has been entered.
Because the address is automatically incremented after
the MSb of each byte is written, the LSb to be stored at
address XX + 1 can be written immediately after the
MSb to be stored at address XX. If the bus master con-
tinues to write beyond address FFh, the data starting at
address 00 is overwritten. Writes to read-only address-
es, reserved addresses, and locked EEPROM blocks
are ignored. Incomplete bytes are not written. Writes to
unlocked EEPROM block addresses modify the shad-
ow RAM. A Copy Data command is required to transfer
data from the shadow to the EEPROM. See the Memory
section for more details.

MAXI
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Copy Data [48h, XX]. This command copies the con-
tents of the EEPROM shadow RAM to EEPROM cells for
the EEPROM block containing address XX. Copy data
commands that address locked blocks are ignored.
While the copy data command is executing, the EEC bit
in the EEPROM register is set to 1 and writes to
EEPROM addresses are ignored. Reads and writes to
non-EEPROM addresses can still occur while the copy
is in progress. The copy data command takes tegc time
to execute, starting on the next falling edge after the
address is transmitted.

Recall Data [B8h, XX]. This command recalls the con-
tents of the EEPROM cells to the EEPROM shadow
memory for the EEPROM block containing address XX.

Table 5. Function Commands

Lock [6Ah, XX]. This command locks (write protects)
the block of EEPROM memory containing memory
address XX. The lock bit in the EEPROM register must
be set to 1 before the lock command is executed. To
help prevent unintentional locks, one must issue the
lock command immediately after setting the lock bit
(EEPROM register, address 1Fh, bit 06) to a 1. If the
lock bit is O or if setting the lock bit to 1 does not imme-
diately precede the lock command, the lock command
has no effect. The lock command is permanent; a
locked block can never be written again.

COMMAND BUS STATE AFTER
COMMAND DESCRIPTION PROTOCOL ICOMMAND BUS DATA
PROTOCOL
. Up to 256
Read Data Reads data from memory starting at address XX. 69h, XX Master Rx
bytes of data
. . . Up to 256
\Write Data \Writes data to memory starting at address XX. 6Ch, XX Master Tx
bytes of data
i h RAM EEPROM block ini
Copy Data Copies shadow data to OM block containing 48h, XX Master Reset None
address XX.
Recall Data Recalls EEPROM block containing address XX to RAM. B8h, XX Master Reset None
Lock Permgn.ently locks the block of EEPROM 6AR, XX Master Reset None
containing address XX.
_AAXILM .
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1-Wire Signaling The 1-Wire bus requires strict
signaling protocols to ensure data integrity. The four
protocols used by the DS2788 are as follows: the
initialization sequence (reset pulse followed by presence
pulse), write-0, write-1, and read data. All these types of
signaling except the pres- ence pulse are initiated by the
bus master.

Figure 26 shows the initialization sequence required to
begin any communication with the DS2788. A presence
pulse following a reset pulse indicates that the DS2788
is ready to accept a net address command. The bus
master transmits (Tx) a reset pulse for trsTL. The bus
master then releases the line and goes into receive
mode (Rx). The 1-Wire bus line is then pulled high by
the pullup resistor. After detecting the rising edge on
the DQ pin, the DS2788 waits for tppH and then trans-
mits the presence pulse for tppL.

Write-Time Slots A write-time slot is initiated when
the bus master pulls the 1-Wire bus from a logic-high
(inactive) level to a logic-low level. There are two types
of write-time slots: write-1 and write-0. All write-time slots
must be tsLoT in duration with a 1uys minimum
recovery time, trRec,

between cycles. The DS2788 samples the 1-Wire bus
line between 15us and 60us (between 2us and 6us for
overdrive speed) after the line falls. If the line is high
when sampled, a write-1 occurs. If the line is low when
sampled, a write-0 occurs (see Figure 27). For the bus
master to generate a write-1 time slot, the bus line must
be pulled low and then released, allowing the line to be
pulled high within 15us (2us for overdrive speed) after
the start of the write-time slot. For the host to generate a
write-0 time slot, the bus line must be pulled low and
held low for the duration of the write-time slot.

Read-Time Slots A read-time slot is initiated when
the bus master pulls the 1-Wire bus line from a logic-
high level to a logic-low level. The bus master must
keep the bus line low for at least 1us and then
release it to allow the DS2788 to present valid data.
The bus master can then sample the data trpv from
the start of the read-time slot. By the end of the read-
time slot, the DS2788 releases the bus line and allows
it to be pulled high by the external pullup resistor.
All read-time slots must be tsLoT in duration with a
1ys minimum recovery time, trec, between cycles.
See Figure 27 for more information.

{RSTL

‘<l-————4PDL

tRSTH

LINE TYPE LEGEND:
m— BUS MASTER ACTIVE LOW

RESISTOR PULLUP

DS2788 ACTIVE LOW

Figure 26. 1-Wire Initialization Sequence
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Typical Operating Circuit
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Package Information
For the latest package outline information and land patterns, go to www.maxim-ic.com/packages.

PACKAGE TYPE PACKAGE CODE DOCUMENT NO.
14 TSSOP Ul4+1 21-0066
_MAXIMN 31
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Revision History

o fe
0 10/07 Initial release. —
1 6/08 IAdded Figures 14 to 17 for the RAAC, RSAC, RARC, and RSRC descriptions. 17
2 5/09 Changed operations voltage to 4.5V maximum. 2-4,6, 7, 31
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DS2788K Evaluation Kit

Standalone Fuel Gauge IC with LED Display Drivers

ww.maxim-ic.com

FEATURES
Demonstrates the capabilities of the DS2788
Standalone Fuel Gauge IC with LED Display
Drivers, including:
— Estimation of available capacity for Li+
cells
— Voltage measurement
— Voltage divider circuit
— Current measurement
— Current accumulation
— Temperature measurement
— Information storage
— ldentification
— LED Display
Interfaces to the USB Port of a PC running
Windows® XP or older

INDEX

Evaluation Kit Contents
Equipment Needed
Introduction

Setup and Installation Board
Connections Software
Installation Selecting the
COM Port

Program Menus

Menu Windows

Status Register

Program Tabs

Parameters Tab
Memory Tab Log
Data Tab Real Time
Tab

INTRODUCTION

ORDING INFORMATION

PART TYPE

DS2788EVKIT+ EV Kit

+ Denotes lead(Pb)-free and RoHS compliant.

EVALUATION KIT CONTENTS
1 pc. Evaluation Board

1 pc. DS91230 USB Adapter

1 pc. RJ-11 Cable

EQUIPMENT NEEDED

1. A PC running Windows® XP or older and an
available USB port.

2. Cables with mini-grabber style clips or the
ability to solder directly to connection pads.

3. A Lithium-lon battery and a power supply
and/or load circuit.

The DS2788 Evaluation Kit (EV Kit) makes performance evaluation, software development, and
prototyping with the DS2788 Standalone Fuel Gauge IC with LED Display Drivers easy. The evaluation
board interfaces to a PC through a DS91230 USB Adapter and RJ-11 cable connection. All related data
sheets along with the evaluation software can be found on our website at www.maxim-ic.com.

Page 1 of 13 091027
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DS2788K
The DS2788K evaluation software gives the user complete control of all functions of the DS2788.
Separate control tabs allow the user access to all EEPROM and RAM memory locations, all control
registers, and real-time updates of all monitored parameters. The software also incorporates a data-
logging feature to monitor a cell over time.

The evaluation board circuit is designed to provide the DS2788 with accurate parameter measurements.
The initial evaluation board, PD033007, is configured with a 2 cell voltage divider with the circuitry to
turn the voltage divider on and off using the VMA pin of the DS2788. Kit demonstration boards will
vary as they are improved upon over time. For information on the demonstration board circuits refer to
the individual board datasheets located on our website at www.maxim-ic.com.

SETUP AND INSTALLATION

BOARD CONNECTIONS

Connections to the TSSOP demonstration board are best made either by soldering directly to the pads or
by using cables with mini-grabber clips. Communication to the TSSOP board can be accomplished either
through the RJ-11 jack by connecting the provided standard six conductor RJ-11 cord or by wiring
directly to the DQ and P- pads. To utilize the demonstration software, the DQ and PAC- lines must be
connected to the DS91230 communication brick using either of the two methods described.

B+
RJ-1

B- p-

Figure 1: Communication Connections

Figures 2a and 2b show the recommended circuits to simulate charging and discharging. The Lithium-lon
cell is connected between the B+ and B- pads. The battery charger/power supply or circuit load is
connected between the P+ and P- pads. The evaluation software can be run in either configuration as long
as a cell is connected between the B+ and B- terminals providing a minimum of 2.5 volts to power the
DS2788.

Power
O Supply / w)
Y %]
N Battery
o 8+o\o‘ n W Charger 8§ B+ n ks LOAD
5 1
om BATTERY 3 m BATTERY §
= >
[ [
g c
B- = :‘ ; B- :I -
2 2
P P-
Figure 2a: Charging Circuit Fig 2b: Discharging Circuit

SOFTWARE INSTALLATION

To install the DS2788K software, exit all programs currently running and download the DS2788K
software from our website at www.maxim-ic.com. Unzip the compressed file and double click the
SETUP.EXE icon to begin the installation process. Follow the prompts to complete the installation. The
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DS2788K
DS2788K software can be uninstalled in the Add/Remove Programs tool in the Control Panel. After the
installation is complete, open the DS2788K folder and run DS2788K.EXE or select DS2788K from the
program menu. A splash screen containing information about the evaluation kit appears as the program is
being loaded. All relevant data sheets and application notes on the DS2788 and DS2788 EV Kit can be
found on our website at www.maxim-ic.com.

SELECTING THE COMMUNICATION PORT
If the DS91230 is connected when the DS2788K software is launched, the program will start up
automatically. If it is not connected, the Select Preferences window will open.

In this window, select either serial port or USB communication and the port number; then hit OK. The
DS2788K software saves this port selection and automatically uses the selection each time the program
starts. To change the port later, click the Preferences option on the menu bar, select Edit Preferences, and
then select the appropriate port. To attempt to automatically locate the DS91230 or DS9123, click the
Poll Ports button. Warning - automatically polling for the DS9123 can disrupt other devices connected to
your computer’s COM ports.

= Select Preferences ((=1(c3
Fort Mumber 1 =
Part Type USE -
.............. T ok

PROGRAM MENUS
Several pull down menu options have been provided to simplify use of the DS2788K software for the
user. Their functions are individually detailed below.

FILE MENU

DS2788K
File Registers 1 Wire Speed Preferences Help

Save Parameter Set up
Load Parameter Set up

The File Menu allows the user to store and recall information to and from a file directly into the text
boxes on the Parameters Tab. These functions do not directly write or read the DS2788. It is still
necessary for the user to store or recall this information to or from the device by clicking on the Write &
Copy or Recall & Read buttons on the Parameters Tab.

200

—
| —


http://www.maxim-ic.com/

DS2788K

REGISTERS MENU

DS2788K
File | Registers 1 Wire Speed Preferences Help

Status Register
Special Feature Register
EEPROM Register
Control Register

The Registers Menu gives immediate access to all four status and function registers of the DS2788.
Selecting any of the registers will open an individual control window giving the user a description of each
register bit and the ability to read or write it. See the status register window example.

STATUS REGISTER

Status Register Q@@
Bit 7 CHGTF The Charge Termination Flag is : Clear
Bit 6 AEF The Active Empty Flag is: Clear
Bit5 SEF The Stand-by Empty Flag is Clear
Bit 4 LEARNF The Learn Flag is : Clear
Bit 2 LNE The Under voltage Flag is Clear
Bit 1 FORF The Power-On-ResetFlag is Clear
. Pesd | Done

The present state of all register bits are displayed immediately upon opening the register window. R/W
locations contain a selection field or command button to allow the user to determine their state. Pressing
the WRITE button will write the new value to the register and read the corresponding register inside the
DS2788 to verify the correct value was written. The Control Register and Protection Threshold Register
are stored in EEPROM, so when the WRITE command is issued, the value is written and copied to
EEPROM without changing the values of the remainder of the Parameter EEPROM block.

1 WIRE SPEED MENU

DS2788K
Fle Registers 1 Wire Speed Preferences Help
v Regular Speed
Overdrive Speed

The 1 Wire Speed Menu allows the user to select the appropriate 1 Wire timing. The 1-Wire speed of the
device is selected by sending the Set Overdrive or Clear Overdrive commands.

In order to change the speed of the device, simply left-click on Regular Speed or Overdrive Speed from
the 1 Wire Speed Menu. Selecting either option will send the Clear Overdrive or Set Overdrive
command. The software will send the command in the current 1 Wire speed, and then begin
communicating in the new 1 Wire speed. If the software and the DS2788 get out of sync, simply left-
click on the Detect Device Speed to match the software’s 1 Wire speed to the DS2788’s 1 Wire speed.
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PREFERENCES MENU
DS2788K (=13

Fie Registers 1 Wire Speed | Preferences Help
Edit Preferences

The Preferences Menu allows the user to change COM port settings at any time. Edit Preferences opens
the Select Preferences window. See Selecting the communication port above.

HELP MENU

DS2788BK

File Registers 1 Wire Speed Preferences  Help

About

Selecting the About topic from the Help Menu will open a window containing information about the
current revision of this program and Dallas Semiconductor.

PROGRAM TABS

All functions of the program are divided under four tabs in the main program window. Left click on the
appropriate tab to move to the desired function page. Located on the Real Time tab is all of the
information measured and calculated by the DS2788. That data is divided between the Parametric Data
Tab and Fuel Gauging Tab. The Parameters Tab gives the user access to the entire Parameter EEPROM
memory block in terms of Application Units and Device Units. The Memory tab displays the contents of
every register and memory location inside the DS2788 and allows the user to alter the data. The Data
Log tab allows the user to store all real time information to a file and view the data in a graphical form.

REAL TIME TAB

The Real Time data is divided into three tabs: Parametric Data and Fuel Gauge Data. The Parametric
Data Tab contains all of the real time measurements taken by the DS2788. The Fuel Gauge Data contains
all of the Fuel Gauge values calculated by the DS2788.
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Parametric Data Tab

DS2788K [=1[t3
File Registers 1 Wire Speed Preferences Help
Real Time T Parameters T Memory T Log Data

Parametric Data, I Fuel Gauge Data ]

Yoltage Current ACR Temperature

3.7891 Volts 0.0000 mA 854.3750 mAhr 22.8750 C
Average Current 73175 F
0.0000 mA SetACR |

Acc Bias I

RSense: 20.00 mOhms

5 LED Display

The Parametric Data Sub Tab displays the latest real-time measurements of cell voltage, temperature,
current and accumulated charge with both analog meter readouts and digital values. The sense resistor
value used to calculate the current reading is shown in the temperature section. Go to the sense resistor
value on the Parameters Tab to change this value.

The present state of the PIO pin is shown in text. The Set/Clear P10 bit will set or clear the P1O bit in
the Special Feature Register to toggle the state of the pin.

Set Accumulated Current Register

Set Accumulated Current Register  [= |[B]X]
Mew ACR Walue 750,00 mAhrs

Read ‘ Write ‘ Done |

The user can bring up the Set Accumulated Current Register window by left clicking the Set ACR button.
This window allows the user to enter a value for the Accumulated Current Register in mAH.
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Set Accumulation Bias Register

Set Accumulation Bias Register

EEX

Help

Mew Accumulation Bias Value 0.0000 mA,

Current Reading : 0.0000 mA,

................... R ead ................... Write ‘ Done ‘

The user can bring up the Set Accumulation Bias Register window by left clicking the Acc Bias button.
This window allows the user to enter values for the Accumulation Bias Register in mA. Left-clicking on
the Write button will write the Accumulation Bias Register and copy the value to EEPROM. The value
entered here will be added to the Accumulated Current Register during each current conversion. The bias
value will not affect the Current Register reading, but will be reflected in the Accumulated Current
Register.

Set Current Offset Bias Register

Set Current Offset Bias Register

Help

Mew Current Offset Bias VWalue 0.0000] i,

Current Reading : 0.0000 m,

Read | Witite ‘ Done ‘

The user can bring up the Set Current Offset Bias Register window by left clicking the Current Offset
Bias button. This window allows the user to enter values for the Current Offset Bias Register in mA.
Left-clicking on the Write button will write the Current Offset Bias Register and copy the value to
EEPROM. The value entered here will be added to the Current Register during each current conversion.
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Fuel Gauge Data Tab

File Registers 1 \Wire Speed Preferences Help

Real Time T

y -._:»._,--.'_Perrc:é_r]:t. erc
%' Remaining

5 LED Display

Farameters T hemary T Log Data
Levels Flags
Full 1135.07 mAhr O Full Charge
O Active Empty

Active Empty 15.64 mAhr

Stand-bry Empty 2.30 mAhr

Capacities

RALC 838.4 mAhr
RARC 75 %

RSAC 851.2 mAhr
RSRC 75 %
Scalar

Update 100.0000 %5

T Stand-by Ermpty
 Learn

2 UnderVoltage
O Power-On-Reseat

The Fuel Gauge Data Sub Tab displays the latest fuel gauge calculations.

The Full, Active Empty, and

Standby Empty levels are calculated from the data input on the Parameters Tab. The Remaining Active
Absolute Capacity (RAAC) and the Remaining Stand-by Absolute Capacity (RSAC) are displayed in
terms of mAhrs. The Remaining Active Relative Capacity (RARC), Remaining Stand-by Relative
Capacity (RSRC) are displayed in terms of percent of capacity remaining. The Analog Meter on the left
displays the Remaining Active Absolute Capacity (RAAC).

The flags found in the Status Register are displayed on the right side of the window. When the Under
Voltage Flag or the Power-on-Reset Flag is set, a button will appear that will allow the user to clear those

bits.

Scalar Register

Set Age Scalar

New Scalar Value 95875000 %

Fead Write

Done |

The user can bring up the Set Age Scalar window by left clicking the Update button in the Scalar area.
This window allows the user to read and write the Scalar value in terms of percent of the nominal

capacity.
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PARAMETERS TAB

The Parameters Tab gives the user access to the entire Parameter EEPROM memory block (block 1,
addresses 60h-7Fh) in terms of Application Units and Device Units. The Application Units Tab displays
the parameters in units like mA, mAhrs, and volts. The Device Units Tabs performs the calculations

needed to get the application units into the units that are stored in the device like uV, uVhrs, and ppm as
well as show the hexadecimal values that get written to the device.

Application Units Tab

File Registers 1 \Wire Speed Preferences Help
Feal Time T Parameters! T Mermaony T Log Data
Application Units l Device Units (Read Only) |

Temperature (C) | i | 10C | 20 0C | |
Full {mAhrs) | 1016 | 1080 | 1088 | 1190 | 1214
Active Empty (mAhrs] | &8 | 28 | 16 | 1 | B
Stancby Empty (mAhrs) | 273 | 7 | 3 | 2 | 0
Charge Yoltage () 41382 Rated Cell Capacity (mahrs) 122000
Terminating C t{rnd, S

erminating Current () a0.0 Accumulation Bias (maA) 0.0000

R C t Offset Bi A B
Active Empty Yoltage (V) 300861 urrent Offset Bias (m) 1.7187%
Active Emtpey Current () 420 Control Register 00k
. Read Factory RSGAIN
Sensze Resistor (mOhms
( ) 20.00 Read Factory WGAIN ‘
RSGain 1.02637
izl 0.43214 Wirite & Copy
RSTC (ppm/C) 0 Recall & Read
Save Setlp Load Setup Load Default Set lp

The Application Units Sub Tab allows the user to read and write the Parameter EEPROM memory block.
To change any of this information, simply click on the desired text field and enter the new value.

Clicking on the Load Default Set Up button will enter example data into the information fields of the
Application Units Sub Tab. Once all data is in the desired format, click on the Write & Copy button to
copy it to the EEPROM of the DS2788.

This information can also be stored to a file and recalled later using the Load/Save Set Up buttons or the
Load/Save Parameters Set Up Menu Items. These functions do not directly write or read the DS2788. It

is still necessary for the user to store or recall this information to or from the device by issuing a Write &
Copy or Recall & Read buttons.
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Device Units Tab

DS2788K FBX

File Registers 1 Wire Speed Preferences Help

Real Time T Parameters

Application Units | Device Units (Plead Only) ]
Hex%alue Device Units

60h: Caontral 00k

B1h: Acc Bias 00h 0000000 mY

B2/B3h: Capacity OF40h |24_4nnnn rvhrs

B4h: Charge VWoltage
B5h: Charge Current

BAh 413824V
20h [1.60mY

B6h: AE Waoltage
67h: AE Current

4Dh |3.00608Y
2Ah [8.4my

B9h: REMESF 32h 20,0000 mOhms

BAfBBR: Full 40 OFZDh |24.281 25 mvhrs

6Ch: Full Seg_4 Slope
E0h: Full Seg_3 Slope
BEh: Full Seg_2 Slope
6Fh: Full Seg_1 Slope

|
|
|
|
|
Bh: Active Ermpty 40 | 05h |D_D[|43828
|
|
|
| F7h [15076 ppm
|
|

3Bh 3601 ppm

0Dk 1793 ppm

33k 3113 ppm

T femary

I

Log Data

Z20h: AE Seqg_4 Slope
#Th: AE Seg_3 Slope
72h: AE Seq_2 Slope
#3h: AE Seg_1 Slope

#4h: SE Seq_4 Slope
#6h: SE Seq_3 Slope
76h: SE Seq_2 Slope
#7h: SE Seq_1 Slope

78/79h: REGAIN
7Ah RETC

7Bh: Curr Offset Bias
7Ch: T23

70k T12

FES7Fh VGAIN

HexWalue Dewvice Units

05h
0zh
11h
2?h

|305 ppm
122 ppm
1038 pprn
2380 pprn

01h
0zh
05h
15h

|E1 pam
122 ppm
305 ppm
1282 pprn

041Bh

1.02637

00h

0

ECh

0031250 mY

14h
0Ah

Hile
e

F803h

10.93219

Recall & Fead |

The Device Units Sub Tab is read-only. It displays the actual hexadecimal values read from the DS2788
and displays the units that are stored in the device.
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MEMORY TAB
DS2788K [=11E3
File Registers 1 Wire Speed Preferences Help
Feal Time T Farameters T Memory T Log Data

00h-0Fh | 10h-1Fh | 20h-2Fh | 70n-77n | NetAddress|

EEPROM Block 1 : 60h-7Fh

Descripton Address Descripton Address
Control B0k o0k AE 40 G5h 05k
Acc Bias B1h o0k RSMNSF 63h 37h
Aging Cap MSE B2h 0Fk Full 40 MSE BAh 0Fh
Aging Cap LSE B3h 40k Full 40 LSE EBh 20k
Charge Yoltage B4h B Full Seqg_4 Slope BCh 0Ch
Charge Current B5h 20k Full Seqg_3 Slope E0h F7h
AE Yoltage BEh 40h Full Seqg_¢2 Slope BEh 33k
AE Current B7h 20 Full Seqg_1 Slope EFh IBh
Fead Write
Recall Copy

Fermanently Lock EEFPROM Block 1

The Memory Tab gives the user access to all 32 bytes of SRAM and all 48 bytes of EEPROM inside the
DS2788. They are separated into four sub-tabs for convenience. Any value can be modified by clicking in
that address’ text box and typing a new value in hexadecimal format. The Write button will copy the
entire block of data to the corresponding location inside the DS2788 (Scratchpad RAM on the EEPROM
blocks). The Read button will update the entire block’s text boxes with data from the DS2788
(Scratchpad RAM on the EEPROM blocks). Sub-tabs displaying any EEPROM data will also have Copy
and Recall buttons to allow the user to transfer the data between Scratchpad and EEPROM memory
internal to the DS2788. The Permanently Lock Block 0/1 buttons will permanently store the data
currently located in that block’s EEPROM. Warning — this data can never be changed once locked. Verify
your data first by issuing a Recall and a Read.

The Net Address Sub Tab allows the user to perform a Search Net Address to find all of the 1-Wire
devices on the 1 Wire bus. All devices found on the bus will be listed in the Net Addresses field. To
communicate to any device on the bus, click on its address inside the Net Addresses field to select it. The
program will now use this Net Address for all operations until a different Net Address is chosen.
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LOG DATA TAB

File Registers 1 \Wire Speed Preferences Help
Feal Time T Farameters T Memary T Log Data
\fultagel Current] Temperature] Accumulated Charge  Logta File \

Filename: |c\DB27486K_datalog b | logData
Time “oltage Current  AweCurrent Temp ACR Full AE SE
1:52:45 Phi 3.789 0.000 0.000 22875 854375 11350710 156352 2.297 83
1:52:45 Phi 3.789 0.000 0.000 22875 854375 11350710 156352 2.297 83
< >

Sampling Interval Clear Graphs

The Log Data tab allows the user to see the DS2788’s real time measurements graphed over time. There
are separate sub-tabs for voltage, current, temperature, and accumulated charge. Each graph displays the
last 500 data points collected by the DS2788K software. The sampling interval can be adjusted from as
fast as possible to 15 minutes and can be adjusted from the Sampling Interval Menu at the bottom of the
window. The Clear Graphs button will clear all data from all four graphs, but does not reset the log to file
function. When the Fastest sampling interval is selected, the graphs will not be updated, only the data
logging is enabled.

The Log to File Sub Tab contains control information for storing all data to an ASCII file. The default
filename is c:\DS2788K _datalog.txt, but can be modified in the filename text field. The Log Data button
toggles data logging off and on. Data will be stored at the same interval selected for updating the graphs
in the tab-delimited format of

“Time<tab>Voltage<tab>Current<tab>AveCurrent<tab>Temperature<tab>ACR<tab>Full<tab>
AE<tab>SE<tab>RAAC<tab>RARC<tab>RSAC<tab>RSRC<tab>Status<tab> Scalar”

for easy import into a spreadsheet. The most recent 50 samples are displayed in the window for

observation. Warning - The Log Data function overwrites previous file information. Data previously
stored in the file will be lost.
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EV KIT BOARD SCHEMATIC
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