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ABSTRACT

This thesis presents an integrated energy storage system that combines
a supercapacitor and a lithium-ion battery using a DC-DC converter circuit. The
integration is based on the complementary properties of these two energy storage
technologies. Supercapacitors are known for their high power density, which means
they can charge and discharge quickly. On the other hand, lithium-ion batteries have
a high energy density, allowing them to store electrical energy efficiently. By combining
these two sources, we can achieve a system that benefits from both high power and
energy densities. To facilitate the integration, a DC-DC converter circuit is employed.
The proposed converter operates in a buck-boost configuration, allowing it to handle
a voltage of 96 volts and supply a maximum power output of 10 kW. The buck-boost
converter can adjust the voltage levels as required, ensuring efficient energy transfer
between the supercapacitor and the lithium-ion battery. Overall, this integrated energy
storage system offers the advantages of fast charging and discharging capabilities from
the supercapacitor, along with the ability to store a significant amount of energy in the
lithium-ion battery. The DC-DC converter plays a crucial role in managing the power

flow between these two sources, enabling efficient and effective energy utilization.
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(%
o

2. Anunumuas Tengmsldnunfeutianuudazieeniiuunmesul
3. $IAINNTIUUAMDIUNY

Y Azt v

TOIHEVBILUALABI NI

1. whgdinsdasiumssameveninnduiuednad uidldsondsomes i

wnauegtnanusregaiiuall

(%
o

2. a1gmsldnuealidgniuuminuunneiul

3. dnediganiniuameIunluuiaguy



234  wumAe3lausa (Hybrid Battery, HB) Lﬂuﬂszmmwmma%"ﬁ'gﬂ
WaunTuannuummein Tesedemeludssneullfelansnausians ffue aaido
RINEHHUTIAAY Alsmsmssamevewihnduluuunnesaiadesniwumaoiui vate
wh dvessndsifesdenanfuihndutes mnsfusailldnunin 9 Wy saussn 50

Taeans wsasasudnaily Wusu [10]

gih?i 2.4 wunweslausa (Hybrid Battery)

TORVBIUUANDT LEUTA
1. fenununmugs Wauldennuleglidessuiinaules 1
2. A1 CCA MganInuunmeiul
3. $1IANNTIMUAMDTUNY
v = 2 a
Toiduvasuunmaslauin
1. wisgldanuldagseniuiu usidwessad dadoanead uuind uay
o v
srena1fimvual
2. eumendtiunnesunluuneguy

3. dnliusaeualrginNnINsaguRsIINAIalY
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235 uUnwesiaa (Gel Battery) iudssianuumneifigniimur Tuan

wumwasrianziange asadniundsnuliihl@dniuunwesmluis 20% fnuauds

wazUsgansamlaesidwteniuuaeesin viliiuuawmeIisImAeu sgelazLnendn

woaums wuaweislaldongnsldnuiientuiuy Tanuvumugs Widesfuui naunse

flannnsguasnweglsiigeenn [11]

g‘dﬁ 2.5 LUAAD3Laa (Gel Battery)

Y a 4'
VBAVDILUALFBDILIA

Y o R

a.

Idanude liseaduiingu fduneumsauasnwnligsendudou
v @ [ yal ! A% A a A !
Anundanulafnduunmesiiwaziumneiyiindy (luuiegu)
firuanansaluniInseaenuTauifouln g

= o PN ! a o i
VI‘LWI']ULLagllaqElqﬂ']iiﬂ]’ﬂ’]umﬁ]’]')u’]UﬂT‘lLLUWL@@?W{LUVIH‘IULW'}

YDLAYVBILUAMDTLIA

1.

wizltuneumsquasnufligeenn usidivessandeglude andu

ATIUTNANNBALY AN UAZDIAGILUALAD T DA LA LD

2. TF1AMINILUAMDIUIWDEUAT
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23.6 u:umma%‘l AGM (Absorbent Glass Material) LﬂULLUG]LGIEJ%‘IGUﬁG]IEJLLﬁ o

NgnuarTuiesessUTTUUSnBuAnimalulaa alouasiussanining dudeadu feidu

a v v aa a 3 o v a v a 5% a %
LLU@L@@ﬁWﬁaﬁLG{NWNWNﬂW5LC°’]3J°LHﬂ'iﬂLLagaﬂ‘lWN"liﬁLﬁfJUﬁaﬂﬁ]qﬂiﬁﬁﬂquwam 13JmaﬂﬂEJEJLmJu’l

nau annsadelildegnaiesuasyihnuldesgiwioiiatsnuiu Tangwivegivsvanma 3-6

| L a a ‘:{ | 1 [ 1 1 (% e ! 124
U idinasnununnesvilailusaglsusulvgd 9 Wudwlvg iaveswnunmeiTsaaudig

WILAZEINIILUANI VTN UNRANMS [12]

gﬂﬁ 2.6 WuUsIAB AGM (Absorbent Glass Material)

YAVDILUMMDT AGM

18
2
3.
a
5.

Y A a A
AULLUALABDIYUNDU

Lisununaunaene1gnsidau

fewanduazan CCA aglusyiunaeudiege
annsaenseualiinliegiuatesuazaai

= i = °o § wal v -
fanununiusensmelseliinigs vhlvllongmsldnunieniuiu

¥5ansewalninleagnesinisy asnanlunisusalavatewinsirinifieu

YOLAUVDILUAMDT AGM

1.
2.

TMasiiaiieuiuunneinsangiang o U

FOMTUATIVT NANTWLUALA DS D9 LEND  INTIZAINFILUALA DS 3

Uy vsegafldaninsadenusmsouwnlold Suduseonaviasununmesidugning

= 1 a
bNEIDY WY
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237 wumaesatseulossu (Lithium-lon Battery) tdununnasfgn

Y

@ X 9 wva < a a a o - ] A a A <

WUl adnwasiuseansa nnsvihunginwuaeeIyiady 9 annsaiulsey
Tuihldurundn fdasimsvisafisanss wiewdnelldegrawaiiosuazaed Snviedalaldl
dlszneuiludunsenesssumfwazuyed WU Y09mad nIa viossm 1313980nNY

wummesUsuinnillusaeudndsnulninde Judwlng [13]

JUN 2.7 uunmeIaBesleseu (Lithium-lon Battery)

Y a aa a
SUEJG]SUENLLUC‘]LmaiaLﬁEJNIE]E]E]u

1. drdnwnnsizlassasreneluvesdunnesulanedaniladndl

901 o Idl
ndnunigalulan

2. 91gmsidanugnu

' v
A v s

3. Tindanugs Ireliliegsnsn Bnnsdawsalasinga

4. Wuwadwiv Lifidaudszneuiiudunsonesssuyfvazuy ve
Y o dAa o

Toduveaunneififuulessuy

1. Wuwumweingnldnulusesudndsnulnihde Qudilng

2. 91MENINUARMDIYIARUNANLLYINGD
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2.4 @adudsey (Capacitor)

= v = =

mi@ees (Capacitor) e fuulszy \Wugunsaldidnnselindo g1anil s
yhhidundanulugvaunulih fiad dussriisdeuiu Taefmussgluihuinfy ued
vilnvoiUszqasadiudu 34 eiFondu 9 91 ual (Cap) Wugunsalilugiuddgylunu
Sidnnselind uaswuldununmens TaumiBasshuiufmdenh Juihlindeiu nie
anusiuluasie q Temhunldusenauluiwsnsensaua (Filter) 2asuiemia (By-
pass) 19ATAMSIMBS (Starter) 2995anevendmau (Coupling) WWuau [14]

241  mehnuvesiuiusyy Tieg 2 dnvase Lo
< a & A a 2 a v v N
1. msiudsey Aetudelimsiiudidnaseuliinanvesdinfiulsey e
dnummedsanuiuiulsyy BldnaseuaIntiauvemunwes sudnlusiuiuiudumes v
TAnUszavtunasdsauulaily ndndéinaseureuiuwanassiny Fdaaunfluwny
~ 2 o oA aa | & v § v
wandzll Useaiduuan wazau Ysduiiuey Wedldnasauainusumanign wanlivgaeenty
windandeUsguininnninUsyau Bddnaseugnudnsentuinnwils winmwantuiag
uvinmnnauwiniu
a X A o o - =3 % 1 UV io & w
2. MImeUsey AeTulledmiiuuszangniiudszauan dus18elivndaen
NuUszqunseiy Bldnasoundinegiuiuman uAtIin1SATUNAT FENIELNAATIED
= aa < o 1 v a o
\Wols BIaNMTeUNILIRINURUNAANIINAY  WATUIRTNRIUINAAUINTILT
242 wilaveadiiulszy wuwnutanmsldnuld 2 el fe dufiuuszy
WUURASH (Fixed Capacitor) wagdiiuuszquuudsuala (Variable Capacitor)
1. fufuuszauuuatadl (Fixed Capacitor) Wusiiudssgnliaiunse
A MY ay I Y N4 Y o = o Y oA o v &
WasuwUasmla Suinuaztiauuenty dwesinilsdsmssetadlodlldau lnetiauay
= g A %
fanastlunty waglugnasasiiinsosneauseyld
- Fufiudsgauuunseay (Paper capacitor) Wudiiuuszaildns ey
s o & ! a s a o v = v ' v Aa =
prungviuukuladidnnsn dlvldnudseimsianuiunuve wuuniaigs uagll
@RI NRRRMTaslaf IA1ANNYNRLUEIURMMYTININIIY TAANgase 1 lulasni$a

(UF) 9 1,000 pF asnsanuwsaeulndila 200 fa 1,600 Tad (Volt)
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JUM 2.8 Fufiudszguuunseny

- dufiudszguuuluin (Mica capacitor) Wusifivuszafilduwiulu i du

a1 v

a & a Y A oa i a a
awleddnasn Lifigalii ssliefosnindeamngll waz mudd TA1AIUsTNaUNIS

1%

<

=) 5 [J v A = ! v a a A o = N
gaydedn wazanmnsovhnulaananmdas dnnadunuysyaelinfasgniinlusvdmasy
szl slinuaud@nulansey Tasasiweniuazusznoumeurutnanla nzuigg

919 11aN8 9 LNUISER UG

JUN 2.9 fiuuszquuulum

- difiudszquuuesiiin (Ceramic capacitor) Wusifuuszaildiasaiin
snvinduuduledidnain Wil liih Teevtluidnuaenauuuy veisenanuuuudivdsy
wvu dndvgifufulssquind Sentesnd 1 pF Wurdadiliftuazaninsanuusai L i
Ieuszana 50 89100 Thad AAnuguesniAuUszguiaws indifdflutegdueglutis

3¥MIN9 1 AN (pF) 9 0.1 uF AIEANAIR 5 83 10 %
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JUM 2.10 Ffudszauuuesnin

- dufiuuszauuuBininslad (Electrolytic capacitor) Wusfiuuszq
Hedldiuannmsigliranugs 1winau naldnudesdendligndd laswasieanely
Ameiu wuawes dealdivnumnuddmielddmsulninnszuanse dwudesmefanssua

%l’JbLVTﬁLLag m’mﬂmwmmqam f

JUM 2.11 ffiudsyauuudianinglad

- dufiuuszguuulndalniu (Polyethylene capacitor) Wudufiuus i
wudldmanewuuidy Indeawes Indansusuun ndlnlvsu Arrnugaveglutag wilu - Ty
las Wwdeiiu dfvusggluainsidnuuseiu og Tutag 50V - 100 V wiemnnnd Fe9y
a a v o & 1Y ! v o= a 4 ! v = <
FeuialInduiu Uszeguduaradunuusyy sxfiwrieguudiiulsen we lnge1aandy
i 4 = YR o ) o = = o =
A pF vive uF Juediumaniqlunms Tdnudmannagldnulussuuides deanIeades

@) o
YUV ANUAY LUUAU
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JUM 2.12 ffiudszauuulndalasy

- Fufiuuszuuulnudn (Tantalum capacitor) Wuiivusz g l4lu
1995918nnsadndndasnisanuRanatnt asldiu N ns suansalaagrdiussansain ey

TdduUszguiiaunuman winsdaddniasladsssuan waglimanuggaduiv

<>

- S (—,(,‘-’
<N «3
{% \ e s

4

JUM 2.13 FAUUsEaRuuLIuNI&Y

- Aufudszauuuluan (Mylar capacitor) Wud i udsza A deuldunn
wedlafiosnings nszuasinn dmdudszavsnieangiias uwililitavinau msnzaviy
Tunuuegaaddluaumisiiia eniniivesigudminianainuaznissaluaves

nszuatieeninvlawinia wzdmiuiasnsewmung

L

JUM 2.14 fufudszquuulam
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[ L]

- dufiuuszguuululnan (Bipolar capacitor) Wudiiuusyqi e uld iy
nntwrasmedielliinssuanss wsewwenadss Wusiulsggdimnifeaiusindian

Inslad wilifivuinau veasausen d@u 9 91 luway

JUM 2.15 ffudszauuululng

- Auduuszauuulndluslndu (Polypropylene capacitor) 1 usiaiiy
Useqiiidsednanings visesdndulure MKP uastnululgiulnnssualvihady Jauaudd

paneiurialndalndu

JUM 2.16 funulszauuulndinslndu

2. swivUsgguuuuiueld (Variable Capacitor) Wusufiudszqiainis

uuszgasldsunvadlumunsindeuiiveannunyu laswadanielulszneume wiulans
PN

! = i Yo 1 = o A = 1 ) A Moy ad a vl
ZLLNUVﬁ'E]N"Iﬂﬂ'J']'JW\ﬂ,ﬂaﬂu LLNU‘V]UQQ%@EJﬂUWﬂfJuaﬂLLNUWUQQ%Lﬂﬁ@u%iﬂ vLﬂE]Laﬂﬁ]ﬁﬂV]IGUJJ

Y

nangvilasieiuee 91na lui wslie wazwanain Wuduy
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JUM 2.17 fnudszauuuuiule

2.5 ﬁ"JLﬁUU’izq?iw'm (Supercapacitor)

ﬁ%LﬁUUizﬁg‘éﬂa’m (Supercapacitor) %#3® 9an31AUBmes (Ultracapacitor)
nanafaguil 2.18 Wugunsaitaninsathanldn usiuduwuniaeylunsussand s ulnd
sheanamRvesiifuyszBieaiannsadnuszy (Charge) uasmouszq (Discharge) Lt
ogmndil Jniuntinuswiussuudafundsnuieunnetifioanszostailunissn
Usgqlifiliiununmeinagtieliaussavsnmnsdaussquosunnei iy Liesandaiu
Usggdasnaliszagnanlumsifuuszasiniuumeeivilin siinenufeuazausin s
gydondsnuaras uazilohsnsieh funusmeiagvih lianansasaus sqldiinazdasae

Wiuegmsiiiuveswunmesiviuudu [15]

'
a

JUM 2.18 fufulszqBaen
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2.6  2eswlasdulwiinszuanses (DC-DC Converter)

261 wswlasiuliinnssuansauunulssiy (Boost Converter)

Aounofmesuunuuswu s suanse Wuaindssdandaivihaulflag
ligunsalBidnnselinduazgunsaimnudgeinmavfulasussiuusaduiondnn 1igendn
spiuussiudune Tasendonnuantivessunienh asdgdumaifusazaondsny ms
VsEiuusueinnganIsERULs U BuNRd aSend “anudnaeuiesines (Step - up
Converter)” agUsznauludipdiundn fe dr1uvee19a3inda Usznaude damidonh
g ffuUszaiuiende lelenfdshmihiiaing Sndforssnsesuseduidy
2shmthimuaumshnuresneuneiines Wednwsiuussfuodnalviaed 2933
au3a199299 5N UNT IR Ul ATELARTIARIR ST UT 2.19 29337159191UID9299 59U
LLiﬁﬁulWﬂwﬂszLLﬁmuLaméﬁ’ﬂgﬂﬁ 2.20 wagmyiesgienvsladyiaeiie q dssinglugy

7221

+

Vs |~ 'ES(E}- C— |ve Rgl\xo
3 .

SUN 2.19 1995aUYave99 UL Ul nsslanse

W
|
L o o
- D Ic
los +
C oo lv R :_:;—:- l Vo
B c
Qs Turn on T -::__j"

M) Tvuad 1 aIndila

Vs

W :
| Vou N
> '
L
D lc

Vsl X('Ou'l‘umuf‘f C/--.\l\.-'c H?l\a’o

1) Truah 2 aindila

JUN 2.20 2995MFYINNUYBNWTNULTITUINT N TELART:

n) e 1 @ngue, v) [uen 2 @ ndiie
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Wo D fe 19dnsaiu (Duty Cycle)

T Ag MURAINTYINNUYesigingnu

Q’.-.ﬂl QI aff Q‘_.m Q’.-.g!‘."

2.21 Fya g 9 vevNasnuLssulninnTsuans

=<p.

sy
Y
lum 1 (0 < t < t,,) Weain Q; Ynuaindla (t = 0) nTshadunmlvar uLod
wn O, wavdnilenivilinssuavesimilend Waduann [ At =t, WU LA t = t, lag
a s

lolon Dy, axgnludandu fuiuusyaasfavsalszqliunlnanlutisnan 0 <t <t,, A

wreruBuNRliAwn AUk uanATe s mteni Asaunsi (2.1)

V.=V, =L— = — (2.1)

t, =— (2.2)
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wasuavadlusmidead ansamlaainaunsi (2.3)
1 1 ;
E=—LAY = —VE, (2.3)
2 2L
a cd  a ¢a
WATIZUNLREINTLUA
un 2 (0 < t < t,,) wodn Q, huaindila (t = t,) uswunrieain
foundurasnwmilenin Faeoynsuegiuuswudunn iliodnallrannTuauyivi D,
1971 nszhadunaluaniudavi e Usenaudrenssuad unm (/) LagnIsuauaidi
witleaid () Fenszuavesin milsniifenndsnuazauludunilendn vusiiveamn Q,

91U Waulelen Dy, T1elinulnanwasm saussgliundunuuseadunald /, anasly

429081 t,
/2-/1
V.-V, = L — (2.0)
toﬁc
Al
%30 TN v (2.5)
tog

aA11150Rzm A A U RmnesueaWn  Turn OFF l9a1naunisy (2.6)

Al
= — (2.6)
Vo_vs

togr

nsasuLUaenssuave wmienhseninmnssia fin-y-ia (Peak-
to-Peak) Aia NTTLANTHNO NI TANTANTNAN I ANIAEIAYINIAT T, U o AINANNTT

(2.11) FAwwindu Mudansewanseieaulaeadl

Vs ton (Vo '} Vs)to]j‘
Al = = (2.7)
L L

WAUAT t,,= DT Uag ty = (1-DT) adluaunsit (2.7)

v.oT = (v,-v.)(1-0)T = v, (1-D) T-V,(1-D)T (2.8)
Mnaum s (2.8) WevhlvieglugUegisineayld

v.0T = V. (1-D) -V, T+V,DT (2.9)
V3o v, = v.(1-0) (2.10)

ALY USRI ANARAEINIATVIVLSTUILlARIaNNTSN (2.11)

v, = (2.11)
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1% a 6 A

aunsi (2.11) LERSDUTSLDIANR dIndlanaeniaiuas D SA1duy

AUGUTIRULEANRAEIATTaUAULSIAUBUNR  Yuiansau (Duty Cycle) HAnfiadu 67
daluaunisit (2.10) azfivunadnauaziondnaazsdaussiunnAddunn  UsIuen nae
feUasunlamanssiuunanarainginsny vasnulandilng 1 wseiuednnaziien

winlndeiud (nfinity) mnfiansandmasinihmusunawitiuiueiinaaglad

Vils = NVoloPin = NPoyt (2.12)
unuAus e dmeluansa (2.11)
VS/O
Vls = (2.13)
1-D

avdunssladunmeieazls

/O
| = — (2.14)
1-D

amBamnesdunaigagyinnulugvresan unan lunilsimuianasy seneu

TUPEYIIRT £, UAE ty AIUMTBIAIUNAIEIR

1 LAl LA LAy,
vV, V-V, V.(V,-V,)

S

) = i P d‘ o = ° @ =
mgﬂaumi‘m (2.16) Iﬁﬂf\]ﬂﬁﬂﬂﬂiﬂmﬂimwaﬂﬂ@\W]’JL‘VT‘LJEJ']L!’W PNAUNTIN

(2.12)
V.[ s V]
\/S(VO—\/S)T s E_ o
Al = gl (2.16)
LV, v,
wazaglgasmienilulasnuusssuliihns suanse Ssaunsi (2.17)
V.D
L= (2.17)
J7AY]

262 aswUasiulnihnssnansauunaunsasu (Buck Converter)

2995 Uat Ui NS SHARTILUUNDULS U %139 29A5UNABUNBSLABS UaN
mMynurenasinaeunesines Wumsesnuuuiieliussiulwiisiuedwadus unuen

v a a A o v Y] = A Y a A

niAuBuNe uarliUSinaussdiumuidens tnesusuainteuluiiinussiulwihiadeian
Aseuwityih lupmua daiduaugantuaninsam nssuaiilvad iudinie s la
MTIATILIM I nureEiatluiiazlnin zdedliasiziluanitzegyieasauyaves
19NoUUTTULNTNTEUARSY LaRagUN 2.22 UarIeaIN1snauYesaRsnauusswulnil

ATTLLEARTY LLﬂﬂﬂﬁﬂz‘Uﬁ 2.23



Qi -

I
° + Y Y Y
4 °

“| ok e ool R v

+

JUN 2.22 1995838189399 59Uk UlNiNNSEan S

Vi=Vs - Vo
Q1+ Turn ON + Y
+ YT

+
Vs Dwm x Vom=Vs

c A<[ve R | vo

) Tvuai 1 amya

Vi=-VO
Q1 Turn off .
o, 0 B N S

VSIC) DM_A-_-'—I Vou=0 &

;l\m Rg-l\fo

1) Tviuah 2 andala

JUN 2.23 2995M9vinuYenRIauLsuliihnssuanse:

n) e 1 @ntue, 9) [uan 2 @ ndie

23



24

Tem——

s g

\
.
X

i

2.24 Fausng 9 1avaTnuLTIiulinssuanss

=D

FAl

s wiidleaindda mﬂgﬂﬁ 223 . Wumshalnued 1 aglddyyia
A9 ﬁanWﬂgiugﬂﬁ 2.24 (0 < t < t,,) eawln Q; Ynnuaintln (t = 0) nzuadunnlua
Wy Q, wavFmilenh yhldnseuavessamileai Fsduann Lt =0 Sune Lt =t
Tnenszuafianiusundendn aswiifunseuadlvariu R uasusssufiung w189 2111 fu

LSIAUANATOLAWALLIUN UINAULSIPUNANATON R A9aun1S (2.18)

V, = V,+V, (2.18)
o Oﬁ dL %_K>
9zl L— =V-V, — = (2.19)
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dt lunsaleglugisianiinssua fe de=DT

Vs_vo
A= ( ; )DT (2.20)

Answiioaindida 91n3UR 25 4. Wumsvhaoulnee 2 azlddyyin
A9 ﬁquWﬂgiu'gUﬁ 2.6 (t; < t < tyy) woan Q, Vuaindila (t = t,) WS
founduvesiunilend Fuioeunsuegiuidiumu R vhlmendyedenniuauiild D,
uiwhlidumdeond mendwussnunUiouaiiouduwnasiefimils vliinszua

Tasnufg Uy feaunsi 2.21
V, = V,+V, (2.21)
d

]

L&l V=0V azla V4V, =0,V, =-V, =L—
dt

di AiL,oﬁ _Vo

= U N (2.22)

dt At L

dt lunsalegludrsnameminssia e dt = (1-D)T anansadaguaunisival

I@aunsi (2.22)
VO
rip oy (—) (1-0)T (2.23)
il

UWNUAT t,, = DT Wag togr = (1-DT) asluaunisi (2.23)

(Vi‘/o) DT+ [(%) (J-D)T] -0 (2.24)
(VS_VO) % (ﬁ) (1-0)7=0 (2.25)

) L
V.D-V.D-V, =0 (2.26)
V.D-V, =0 (2.27)
V.D =V, (2.28)
VO

— =D (2.29)



26

263  299sudasrulnih nssuansaluvaesfianie (Bidirectional DC-DC
converter)

299sutasiuliiinssuansawuuaesfiens vhnulagliugnnsven 1asdn
PeUNDSWETLAT NSy aRADUN oS ned Tnsaslidnuunsvhau 2 dama dall (hauely
299sutasiuliih nssuans swuvansiemadl L%amiaagﬁ’mméaﬁhslw%ﬁﬂmmé’fuqﬂ R
LUARB3 VU 96 V wazumasangliihsuus s fe ﬁaLﬁUUszqﬁaaam YUIA 48 V)

- fiEnnsdi 1 (Buck Mode) 1asutasiulaihi el uisasmeuws sy
dedewmasnuanuuaneivnn 96 V idluiAvlusifuszadeeansuin 48 v Liteyin
A5d150INAIU

~ fiAn19f 2 Boost Mode) 2995 i Uasiuluivhaudutsasnuws sy

'
1 [ v @ a

WOENUMNNANIUIINANAUUS oY

sganunn 48 V anglunuluanuunn 96 V iiNevinnseasy
fAaalrszuuagealilns nawnunisaelnihludrunliie swesannudssnisvesl vas Ly

N a A ) Y] = °
NIEUN LLUWLG\@?N?%@‘U“UE]\‘]ﬂ"li'é]ﬂ‘di%"ﬂj/] ansnay [16]

Cdc-""‘s T Vdc_bus

\ —
Viattery —— Cb"mﬂ’ gd

gﬂﬁ 2.25 19397 bidirectional DC-DC converter ¥ia half-bridge
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2.7 299305993UL59AUINAN (Voltage sensors)
1393595295 ULs0 U N1 1T ur9957 Wlun1sA wIkazns19da uUS el
wsarulninlun99s 2995959 unssUln a1 Insaf vuss sauusanulnin  AC “3e DC e

Bunpvanansnsduilfoussiuliin luvaiiedned oal addyarnussduliihaunden

ANV TIRIT UL Ul asuanedagUn 2.26

JUN 2.26 29939539 3UL s LT

Taglulugaduwesussiuliihiihandasiimsth LEM Lv25-P [18] iant

NudmTumMsiauswiuliih dnuaves LEM LV25-P aguanwiaguil 2.27

SUR 2.27 LEM LV25-P



28

2.8 2495M5293UNs2ud (Current sensors)
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2.9  aszuanadyyianiInaa (Microcontrollers)
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2.10 Switching Power Supply

dnwagrea Switching Power Supply [22] wanssasuil 2.32 Wugunsel
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2. meunednes (Converter) vt wlasmudusssulniiing suansale
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Snata
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gﬂ‘ﬁ 2.32 Switching Power Supply
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220 VAC

gﬂﬁ 2.33 2995400efuves Switching Power Supply
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2.11 m’nus‘z‘lamas‘mmlu‘lwm%ﬁmmu (Isolate Gate Bipolar Transistor: IGBT)
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Tun1snaaesd 1311891518 0nlTaTny IGBT 199 SEMIKRON
SKM100GB124D [23] @ sfifiAausafulsiiia 1200 Taasl uazidanszualuin 150 uewd
dnwawveseing IGBT Ju SKM100GB124D azuanifaguil 2.34

SUT 2.34 &in IGBT §u SKM100GB124D
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2.12  qeasmilladyaruduaing (Gate Drive Signal Generator)
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3.3 NIS99NUUUINITNNGT
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3.8 Flowchart Ms1191u2892935uUasiulninnssuansauuUaas AN
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#include "nowonpwm.h"

#include "rtwtypes.h"

volatile int IsrOverrun = 0;
static boolean T OverrunFlag = 0;
void rt_OneStep(void)
{
/* Check for overrun. Protect OverrunFlag against preemption */
if (OverrunFlag++) {
IsrOverrun = 1;
OverrunFlag--;

return;

enableTimerOlnterrupt();

nowonpwm_step();

/* Get model outputs here */
disableTimerOInterrupt();

OverrunFlag--;

volatile boolean T stopRequested;
volatile boolean T runModel;
int main(void)
{
float modelBaseRate = 0.2;
float systemClock = 100;

/* Initialize variables */
stopRequested = false;
runModel = false;

c2000 _flash_init();



init_board();

#if defined(MW_EXEC_PROFILER ON) || defined(MW_EXTMODE_RUNNING)

hardwareTimer1Init();

#Hendif

rtmSetErrorStatus(nowonpwm M, 0);
nowonpwm_initialize();

globalinterruptDisable();

configureTimerO(modelBaseRate, systemClock);
runModel = rtmGetErrorStatus(nowonpwm M) == (NULL);
enableTimerOInterrupt();

enable interrupts();

globallnterruptEnable();

while (runModel) {

stopRequested = (rtmGetErrorStatus(nowonpwm M) == (NULL));

/* Terminate model */
nowonpwm_terminate();
globalinterruptDisable();

return 0;
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Current Transducer LA 55-P [ = 50A

PN
For the electronic measurement of currents : DC, AC, pulsed...,
with a galvanic isolation between the primary circuit (high power)
and the secondary circuit (electronic circuit).
‘ Electrical data
Ly Primary nominal r.m.s. current 50 A  Features
(N Primary current, measuring range 0..£70 A
R, Measuring resistance @ T,=70°C| T,=85C * Closed loop (compensated) current
R, e R | Rt min Ramax transducer using the Hall effect
with £ 12 V @+50A 10 100 | 80 95 o * Printed circuit board mounting
@170 AN 10 50 | 80v 6OV @ «Insulated plastic case recognized
with £ 15V @+50A, 50 160 [1356 1556 o according to UL 94-V0.
+70A 50 80 [1352135%2 @
i & = Advantages
Iy Secondary nominal r.m.s. current 50 m
K, Conversion ratio . 1:1000 « Excellent accuracy
V. Supply voltage (= 5 %) +12..15 \% *Very good linearity
I Current consumption . . 10@=15V)+l, mA + Low temperature drift
v, R.m.s. voltage for AC isolation test, 50 Hz, 1 mn 2.5 kv « Optimized response time
- * Wide frequency bandwidth
\ Accuracy - Dynamic performance data «No insertion losses
X Accuracy @, , T, =25°C @15V (£ 5%) +065 % * High immunity to external
@+12..15V (£ 5%) +0.90 % interference
g, Linearity <0.15 % * Current overload capability.
Typ | Max p .
I, Offsetcurent@l,= 0, T, =25°C + 53] | ‘Page APPIGHtignS
b Residual current® @ I, = 0, after an overload of 3 x I, +03 mA . . .
I, Thermal drift of I, 0°C..+70°C  |£0.1|£05 ma G Vvaniable speed drives and servo

motor drives

25°C 2ot ® O+ 0RVmA + Static converters for DC motor drives

t, Reaction time @ 10 % of I, .. < 500 ns + Battery supplied applications
t, Response time @ 90 % of I, <1 Hs « Uninterruptible Power Supplies
di/dt  di/dt accurately followed > 200 Alus (UPS)
T Frequency bandwidth (- 1 dB) DC .. 200 kHz « Switched Mode Power Supplies
(SMPS)
‘ General data * Power supplies for welding
T, Ambient operating temperature -25..+85 °C applications.
T. Ambient storage temperature -40..+90 °C
R, Secondary coil resistance @ T,=70°C 80 Q
T,=85°C 85 Q
m Mass 18 g
Standards ¥ EN 50178

Notes : " Measuring range limited to + 60 A
2 Measuring range limited to £ 55 A
® Result of the coercive field of the magnetic circuit
4 A list of corresponding tests is available 980706/8

LEM Components www.lem.com



Dimensions LA 55-P (in mm. 1 mm = 0.0394 inch)

Bottom view Left view
I
R
LN ~
~
=2 | =i LN
un
9
315 276 . 45 +/-03
= 12.7 =
d I B [|
®
LEM® LAs5-P | :
—_— Secondary terminals
swiss | 1. )
c € T - d M~ o Terminal + : supply voltage +12..15V
”~ bhir -\ Terminal - : supply voltage - 12..15V
= M - —UO OD i Terminal M : measure
/i, w2 il
T 3
i ol
= 508 2286 Connection
T
365
Ve \ ~
Standard 00 Year Week
or N° SP..
Front view
Mechanical characteristics Remarks
* General tolerance + 0.2 mm * 1 is positive when |, flows in the direction of the arrow.
* Primary through-hole 12.7 x 7 mm * Temperature of the primary conductor should not exceed
* Fastening & connection of secondary 3 pins 90°C.
0.63 x 0.56mm * Dynamic performances (di/dt and response time) are best
Recommended PCB hole 0.9 mm with a single bar completely filling the primary hole.

* In order to achieve the best magnetic coupling, the primary
windings have to be wound over the top edge of the device.

*This is a standard model. For different versions (supply
voltages, turns ratios, unidirectional measurements...),
please contact us.

LEM reserves the right to carry out modifications on its transducers, in order to improve them, without previous notice.
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DATASHEET : 160V MODULE

FEATURES AND BENEFITS*  TYPICAL APPLICATIONS

= Up to 10 year DC life » Wind turbine pitch control
» 160V DC working voltage = Small UPS systems
 Resistive cell balancing = Small industrial systems
= Compact and light weight

package

= Screw terminals

PRODUCT SPECIFICATIONS

ELECTRICAL BMOD0006 E160 B02

Rated Capacitance' 58F
Minimum Capacitance, initial' 5.8F
Maximum Capacitance, initial’ 7F
Maximum ESR,, initial’ 240 mQ
Test Current for Capacitance and ESR_ ' 35A
Rated Voltage 160 V
Absolute Maximum Voltage? 170V
Absolute Maximum Current 170 A
Leakage Current at 25°C, maximum? 25 mA
Maximum Series Voltage 750V
Capacitance of Individual Cells® 350 F
Maximum Stored Energy, Individual Cell® 0.35 Wh
Number of Cells 60

TEMPERATURE

Operating Temperature (Cell Case Temperature)

Minimum -40°C

Maximum 65°C
Storage Temperature (Stored Uncharged)

Minimum -40°C

Maximum 70°C
Mass, typical 5.2kg
Power Terminals M5 Thread
Recommended Torque - Terminal 4 Nm
Vibration Specification IEC60068-2-6
Shock Specification IEC60068-2-27,-29
Environmental Protection P54
Cooling Natural Convection

*Results may vary. Additional terms and conditions, including the limited warranty, apply at the time of purchase.
See the warranty details and enclosed information for applicable operating and use requirements. M *
TECHNOLOGIES

Page 1 :» Document number: 3000246.5 :: maxwell.com Enabling Energy's Future™
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DATASHEET : 160V MODULE

PRODUCT SPECIFICATIONS (Cont'd)

MONITORING / CELL VOLTAGE MANAGEMENT 6 E160 B02

Internal Temperature Sensor

Temperature Interface N/A

Cell Voltage Menitoring Voltage Center Tap
Connector M4

Cell Voltage Management Passive
Usable Specific Power, P_* 2,500 W/kg
Impedance Match Specific Power, P__ * 5,100 Wrkg
Specific Energy, Em, 4 Wh/kg
Stored Energy, E_ 21 Wh

SAFETY

Short Circuit Current, typical

(Current possible with short circuit from rated voltage. 670 A
Do not use as an operating current.)

Certifications RoHs
High-Pot Capability™ 5,600 VDC

TYPICAL CHARACTERISTICS

THERMAL CHARACTERISTICS

Thermal Resistance (R_,, All Cell Cases to Ambient), typical® 1.1°C/W
Thermal Capacitance (C,), typical 4,800 J/°C
Maximum Continuous Current (AT = 15 °C)® 7 Anus
Maximum Continuous Current (AT = 40 °C)® 12 Agys

LIFE

DC Life at High Temperature'

{held continuously at Rated Voltage and Maximum Operating Temperature) 1,500 hours
Capacitance Change (% decrease from minimum initial value) 20%
ESR Change (% increase from maximum initial value) 100%

Projected DC Life at 25°C’

(held continuously at Rated Voltage) 10 years
Capacitance Change (% decrease from minimum initial value) 20%
ESR Change (@ increase from maximum initial value) 100%

Shelf Life 4years

(Stored uncharged at 25°C)

|
MTECHNOLOGIES
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DATASHEET : 160V MODULE

I

ESR AND CAPACITANCE VS TEMPERATURE

180%

—Cparitance
—DCESR
170% \

i 3
L

§ 3
P

Percentage change from value at 25°C
I~

)2

g
2

8
Ed

g
Ed

8

-40 -20 0 20 40 60 80

Temperature {(°C)

NOTES

1. Capacitance and ESR . measured at 25°C using specified
test current per waveform below.

2. Absolute maximum voltage, non-repeated. Not to exceed
1 second.

3. After 72 hours at rated voltage. Initial leakage current can
be higher.

0.12V2
4, Per|EC 62391 —2, Pd = ESRDC X mass
VZ
5P Ed—S—7 T
mas 4 XESR,. x mass
6 E. B 1% CV?

max

3,600 x mass

_ KOV
stored 3,600

8. AT=l  *XESRXR
9. Per United Nations material classification UN3499, all

10.

Maxwell ultracapacitors have less than 10 Wh capacity
to meet the requirements of Special Provisions 361.
Both individual ultracapacitors and modules composed
of those ultracapacitors shipped by Maxwell can be
transported without being treated as dangerous goods
(hazardous materials) under transportation regulations.

Duration = 60 seconds. Not intended as an operating
parameter.

CAP/ESR Measurement Waveform

Vi

Cycle Life Waveform

g £ H £
& s ) 8
E g §
3 § g 4
5 g ——Voltage 5 5 —Voltage
i § ——Current 3 % —Cumrent
8 ] L]
| =
e (S} 314 e Tme g3 g
V1=V, t2-tl1=15seconds Capacitance = | x (t3-t2)/(V2-V3) V1=V t2-t1=5 seconds (1=0)

V3=0.5xXV,,y t4-13=5seconds ESR=(V4-V3)/I

Page 3 :» Document number: 3000246.5 - maxwell.com

V2=0.5% Vs t4-t3=15seconds (I=0)

anwell
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DATASHEET 160V MODULE

MOUNTING RECOMMENDATIONS MARKINGS

Please refer to the user manual for installation recommendations. Products are marked with the following information:
Rated capacitance, rated voltage, product number, name of
manufacturer, positive and negative terminal, warning marking,
serial number.

BMODO0006 E160 B02 37
DETAILB
DETAIL A SCALE2:5
SCALE2:5
E ’Q
A C B
44.2 103.9 70.6 1039
S ST
2 8 1 1 1 1
9 ¢ é___é * 9
8 sy x| ox
367
Dimensions (mm)
Part Description L (x0.5mm) W (£0.2mm) H (£0.7mm) Package Quantity
BMOD0006 E160 B02 367 235 79 3

Product dimensions are for reference only unless otherwise identified. Product dimensions and specifications may change without notice.

Please contact Maxwell Technologies directly for any technical specifications critical to application. All products featured on this datasheet are covered by the following
U.S. patents and their respective foreign counterparts: 6643119, 7295423, 7307830, 7342770, 7352558, 7384433, 7440258 , 7492571, 7508651, 7791860, 7791861, 7859826,
7883553, 7935155, 8072734, 8279580, and patents pending.

Maxwell Technologies, Inc. Maxwell Technologies SA Maxwell Technologies, GmbH Maxwell Technologies Maxwell Technologies Korea Co., Ltd.
Global Headquarters Route de Montena 65 Leopoldstrasse 244 Shanghai Trading Co. Ltd. Room 1524, D-Cube City
3888 Calle Fortunada CH-1728 Rossens 80807 Munchen Unit A2,C 12th Floor Office Tower, 15F #662
San Diego, CA 92123 Switzerland Germany Huarun Times Square Gyeongin-Ro, Guro-Gu,
USA Tel: +41 (0)26 411 85 00 Tel: +49 (0)89 / 4161403 0 500 Zhangyang Road, Seoul, 152-706
Tel: +1 858 503 3300 Fax: +41 (0)26 411 85 05 Fax: +49 (0)89 / 4161403 99 Pudong New Area South Korea
Fax: +1 858 503 3301 Shanghai 200122, Phone: +82 10 4518 9829
P.R.China

Phone: +86 21 3852 4000
Fax: +86 21 3852 4099

MAXWELL TECHNOLOGIES, MAXWELL, MAXWELL CERTIFIED INTEGRATOR, ENABLING ENERGY’S FUTURE, BOOSTCAP, C CELL, D CELL and their respective

designs and/or logos are aither trademarks or registered trademarks of Maxwell Technologies, Inc. and may not be copied, imitated or used), in whole or in

part, without the prior written permission from Maxwell Technologies, Inc. All contents copyright © 2013 Maxwell Technologies, Inc. All rights reserved. No

portion of these materials may be reproduced in any form, or by any means, without prior written permission from Maxwell Technologies, Inc. M o
TECHNOLOGIES
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Voltage Transducer LV 25-P

For the electronic measurement of voltages : DC, AC, pulsed...,
with a galvanic isolation between the primary circuit (high voltage)

and the secondary circuit (electronic circuit).

‘ Electrical data

loy Primary nominal r.m.s. current 10 mA

(N Primary current, measuring range 0.x14 mA
R, Measuring resistance Rimin  Ruma

with £ 12V @+10mA__ 30 190 Q

@z 14mA__ 30 100 Q

with £ 15V @+10mA __ 100 350 Q

@z 14mA__ 100 190 Q

Iy, Secondary nominal r.m.s. current 25 mA

K, Conversion ratio 2500 : 1000

V. Supply voltage (£ 5 %) +12 .15 vV

I Current consumption 10 @=x15V)+l, mA

v, R.m.s. voltage for AC isolation test ", 50 Hz, 1 mn 2.5 kV

Accuracy - Dynamic performance data

X, Overall Accuracy @1, . T,=25°C @z£12..15V  +0.9 %

@15V (t5%) 108 %

€, Linearity <02 %

Typ | Max

ly Offset current @1, =0, T, = 25°C +0.15 mA

lor Thermal drift of I, 0°C..+25°C |+0.06(+0.25 mA

+25°C..+70°C |[£0.10({x0.35 mA

t Response time? @ 90 % of V, 40 uS

General data

T, Ambient operating temperature 0.+70 °C

T. Ambient storage temperature -25.+85 °C

R, Primary coil resistance @ T, = 70°C 250 Q

R, Secondary coil resistance @ T, = 70°C 110 Q

m Mass 22 g

Standards ¥ EN 50178

Notes : " Between primary and secondary

? R, =25 ka (L/R constant, produced by the resistance and inductance

of the primary circuit)
3 A list of corresponding tests is available

10 mA

PN
., = 10..500 V
7
$
Features

* Closed loop (compensated) voltage
transducer using the Hall effect

*Insulated plastic case recognized
according to UL 94-V0.

Principle of use

* For voltage measurements, a current
proportional to the measured voltage
must be passed through an external
resistor R which is selected by the
user and installed in series with the
primary circuit of the transducer.

Advantages

* Excellent accuracy

*Very good linearity

* Low thermal drift

*Low response time

*High bandwidth

* High immunity to external
interference

* Low disturbance in common mode.

Applications

* AC variable speed drives and servo
motor drives

» Static converters for DC motor drives

+ Battery supplied applications

* Uninterruptible Power Supplies
(UPS)

* Power supplies for welding
applications.

981125/14

LEM Components
Tope Co., Ltd.  Tel: (02) 8228-0658

Fax: (02) 8228-0659

http://www.sensor.com.tw

www.lem.com
e-mail: tope@ms1.hinet.net



Dimensions LV 25-P (in mm. 1 mm = 0.0394 inch)

Bottom view Right view

26
TM—' 2% 00.635mm 03y 3
m
1 _+ +'_’ i :
wHT -HT LEM@ swiss
N — made
o oy hia!
& & & C €
3x@lmm LV 25-P
PO - 3 00-00 00
i A S/ 1 3 M/
’ — = / \ N\
- / AN
= ZX._T’;_?Z = 16.45 4.5+/-03 Standard 00 Year Week
or N* SP..

Secondary terminals

| Terminal + : supply voltage +12.. 15V

1
. Terminal M : measure
N D Terminal - : supply voltage - 12..15V
8 " n I
! U u M Yooy Connection
| I ' N
‘ T,
R1
Back view ST
Remarks

Mechanical characteristics

* 1. is positive when V_ is applied on terminal +HT.
* This is a standard model. For different versions (supply
voltages, turns ratios, unidirectional measurements...),

* General tolerance £ 0.2 mm
* Fastening & connection of primary 2 pins
0.635 x 0.635 mm
* Fastening & connection of secondary 3 pins @ 1 mm
* Recommended PCB hole 1.2 mm

please contact us.

Instructions for use of the voltage transducer model LV 25-P

Primary resistor R, : the transducers optimum accuracy is obtained at the nominal primary current. As far as possible, R, should be
calculated so that the nominal voltage to be measured corresponds to a primary current of 10 mA.

a)R, =25kQ/25 W, I.=10mA Accuracy =+ 0.8 % of V_ (@ T, = +25°C)

Example: Voltage to be measured V_, = 250 V
b)R, =50ka/125W, I_= 5mA Accuracy = + 16 % of V_ (@ T, = +25°C)

Operating range (recommended) : taking into account the resistance of the primary windings (which must remain low compared to R in order
to keep thermal deviation as low as possible) and the isolation, this transducer is suitable for measuring nominal voltages from 10 to 500 V.

LEM reserves the right to carry out modifications on its transducers, in order to improve them, without previous notice



81

L = Yo o v d' = Y ' ¥ o o % 1Y
nansiuenansianulidwiunistdanuienisfnyivingu leugislmhluldusslosiaunise

lidnsdllas visdu Bnnnuilvsnuadllenuariessdadadivedenarsynasaninisiluly



w

82

< %

N139NUVUITVUIAUNUVNAINH UV VN aNN TN

dradauiulszefisenadvFusoaud lvlvh

DESIGN OF A HYBRID ENERGY STORAGE SYSTEM

WITH SUPERCAPACITORS FOR ELECTRIC VEHICLES
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ABSTRACT

This thesis presents an integrated energy storage system
between a supercapacitor and a lithium-ion battery by applying a DC-
DC converter circuit due to the basic properties of a supercapacitor. It
has a high power density. This indicates the ability to charge and
discharge quickly. Lithium-ion batteries, on the other hand, have the
advantage of having a high energy density. It indicates the ability to
store electrical energy well. In combining the two energy storage
sources, a DC-DC converter circuit is applied. Connection buck-boost
type: the proposed converter has a voltage of 96 volts and can supply a

maximum power of 10 kW.
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