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ABSTRACT

This thesis presents the control of hybrid DC source using Solar Cell and Super
capacitors in order to dedicate as a constant voltage energy source, Solar cell acts as a main source
which is connected to a 60V DC via an interleaved 4-phase DC boost converter. Super capacitors
Module is an auxiliary sources which is also connected to a DC bus via a bi-directional converter in
order to fulfill dynamics performance of the system when a maximum power of load is applied.

In the Thesis, Single Crystal Solar cell 200 W, 26 V, 7.7A and a module of
Super capacitors that connected in series circuit are used as energy sources, Each cell of Super
capacitors is 1200 Farad 2.7 V. DC boost converter and bi-directional converter is implemented
using 25 kHz switching frequency of power MOSFET as electronic switches in the circuit. The
power control of both sources is applied by cascade feedback control loop using PI controller in
order to keep constant voltage 60 V on DC bus. This control scheme is implemented using a digital
signal processor board of DS1104 from dSPACE GmbH. Nevertheless, the experiment is set in
various operating conditions of Solar Cell and loads.

The results show that the performance of the control scheme for regulating a constant
output DC voltage along the test is always steady state at 60 V bus in various conditions of Solar
Cell and loads is adequately within time response 20.8 - 56 second. However, it can regulate an
output voltage while sudden maximum power load within time response 2-10 second depend upon

the operating power of such Solar Cell in the test.

Keywords: hybrid dc sources, solar cell, super capacitor, convertor
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Grid Connected System
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2
L=NZ?P, :NI—”OS (2.63)

g
N @ )
2.8.1.2 upumes 134 (Ferrite Core)
4 ¢ S % 4 a
os lsailuiagisziamues TsuuniuAn  (Ferromagnetic Material)
~ ° vg o o ~ o qQ Y Aa ~ 3 o ¢ 1 d \
mswiteniwdmanuuunues lsa azlina liimanmsmtisnihdndudmanganiins

[ 4 [l < 1 9

~ o A a 2 4 Sl A o
I UIUINNAVUU UL UDINIANIN LLﬂu&W@ihliglllﬂ']ﬂllﬁ'Jwaﬂ“ﬁllulﬁaﬂﬂ@um’]\‘qu ﬂﬁglnm

9 ]
[ Y (% IS

1 4 a @ 14 o’; { 1 o
Tu13 3,000-6,000 1M vazinansgadeluaanumles lsadmnanudge Asuauniieni

a A a 4 4 { ok oA o o @ { o a A
Tursesaimyavaiionldunumes lsaunniga wles lsdaminnldiunuvesdauniloniraings

=4 1 1 [ Lg [ 9J
wiizUiaenannuesn lyuegiumsldnutazanasgiulumseonuuy

1 & Aq Yo T3 W 3w 3 A a Y
asuumani lgiunuuimanineziiluoaassveuran a1snion sy

~ ~ :, 9 1 < Aaa = - o A ] o A v 1
AANNDA (< 1 kHz) 1aun mannaudanauded (Si < 1%) FI0aNuuuiuldngoauala

' 2 = Y 1 aa = ERERY <3| a . . =
AR NI gIToNIn EIUHANFANOUNNINVUNNNILITUYHA Grain Oriented NI YUY

[ < Aaa o [ < { 4 1
TUBHAAAITIANIZUNG UOAINISHANFAADULAITINAITUNIMANNHNANTITOU 15U

d Aa a a @ I~ . o { [ 1 <
Iﬂﬁ@a@] unina Tua‘uuu Lﬂuﬁ}u G?fm”mu“lé’fﬁdmmﬁﬂizmm 20 kHz LL@ﬁﬁ']ﬂ"lLLWQﬂ'J"IL‘Viﬁﬂ



62

an = s o I a 9 4 < o =) =\ A
wauzanou yuwes lsanlwasiinilsznou lildeeen ledueounan dansd uuaniie vso
Aa a J J a a 1 o d <] ' a . ' o YR =
inmaes 1sawtia Mnzn Ianuvuuiuddnduimangannastia Nizn uaiau 1atennud

. :7 1 a v o 4 7 a [
1523191 1 MHz 3610 11%4a Nizn F99191u'1d09 1 MHz tos lsdivainvatestiaauuaay
o 1 1 I
gaswauuazimvsHea19e 15U 6H20 7HI0 wag 3C6 1Hudn
4 7 o o o a A < Aa {
unues lsadmivunasnie ldaingelasnaliszgnuaneenuii
YALAZFUNTI @199 MUMIATFIVRGINUAININD 2.43 15U UNUUUD EI EE EER W3ounu

Y a o

3 v a P T2 9 T A
1Hyy POT Lﬂuﬂuﬂﬂﬁwwamzmtmmﬂm”lmaaﬂuﬂuamelmzmﬁ“ﬂizﬂugﬂu NDANUTSAIN

U

o

Y o 2 N o 2 2 ) a o o
“lumﬂ’u‘xmmmmumuuu mﬁﬂizmJLLﬂuLWmlliﬂ‘uummuuuu%:mﬂwwnmummﬂaﬂcv

1 <3 A a ds! 4 =Y I 9
Hytvian mﬂﬂmu”luuﬂumlas"lmuaﬂymmﬂmqmﬁﬁm"lﬂ

b 0

EE-core ring core Ll core
2 .
pot core 2 hole beads

d' o o J 1
HINN 2.43 ﬁﬂHﬂ!%ﬂlﬂﬂllﬂulﬂ@iqﬁﬁllﬂﬂﬁﬁﬂ

d' o ' 4 4 1
HINN 2.44 G]’Ji’)EJNﬂl@ﬂuﬂul‘l/\l’ﬂiulimmﬂﬁ”lﬂﬁ’]



63

[ o dy ~ 9 o 14 4
) ﬂﬂyﬂlgﬁllllG]5]]@\TLuﬂﬁ'ﬁTﬂﬂfﬂnlﬂuﬁ/\I@iqiﬂ
a gil I'd P v [ 9 wva 1 [
5]11«!ﬂﬂlﬂﬂlu@ﬁ’lil!ﬂul?\l’ﬂﬁuliﬁ‘ﬂllﬁﬂ@'lﬂﬂuﬂgiﬂﬂmﬁuﬁﬁﬂ1QLLNLWaﬂall'ﬂ\ulﬂu
Y oA o Y =2 Y A "o < ) e Hq ¥ w
W\I’E]ivliﬁﬂllﬁﬂﬁ1ﬂﬂuﬂ']8 f]\?LL?Jﬁ]Z?J“IJH1ﬂWI'IﬂHVJﬂ“]J§$ﬂ'liﬂ@ﬂll “luuwumayjamamm“lwnmu
2 ' Y A P wa & Y ) Ao o o
LLﬂulW’ﬂiuliﬁuu i]%@f]ﬂll5181@3&@fJﬂﬂﬂ!ﬁuﬂ@ﬂl@ﬂlu@ﬁ?illﬁﬂﬂqjlﬁﬂ\l’E]"U@isljaclflﬁ'lﬂﬂluﬂfli m
9 = YA Y Y a aa . 1 = 7
ﬂmmmﬂmmzﬁﬂ‘yﬂaﬂe LﬁUIﬂ\?ﬁﬁL@@ﬁcﬁﬁ (Hysteres1s Curve) llagﬂ']ﬂ”lﬁgiylﬁﬂsll@\ulﬂUW‘lﬂﬁ
7
156 (Core Loss)

Y Y a A A o o J 1 [ 1 o ] <
muimaﬁmawmzuﬁmmmmJ‘wu‘ﬁizwanmmmwumuuﬂaﬂmmmaﬂ (B)

Y
=

A A o d v 9 1 <3 A a A )
nnavulunules lsanuanuduvesauuuiman (H) ftfannnamilenivesvaaia
{ o N7 4 a v < 1
miuuuunuled 1sd n i 2.44 szuaaaduInsgames Favewnumles lsdaingdaziiulan
' ' o J 1 a3 A 2 A 9 ' 2 a1 A = &
ANV LU ENFLIMANIE MUY WA NVTNVOIAUINUNHANTAUNNIUDIYAK HA
& ' o d a1 A X g 91 = A 2 9
F9A1ANUH WU U AN F AN A NN VAU LRININ BTNISTMTNVUYUYDIANWTUYD
' < Y @ [ = 1 A o A o o 1 3
AUMUNAANUAINAY DINYAAINAIVSHUNUAUET NN TOUAIVBIVANFUNINED
Tagdnadranszuaasnsivvoudulfidmaes Faiioansufeniiosa1ndnasanils
Y Y a A A =y A Y] =\ 1 = v A o 1 %’,
voudu IAeaanes FaazlanyazmloununlszmsiewaszlianyaenaunaANIIn UM INY
o & 9 J 1L o ~ == ) ' ] v 3 A
asiums IFauvesunues lsaluaunierdearsmruaainnunuiiy Wangutmani
A 49! ° a1 1 a = = 1 ] v J 1 < J 2 o
e lunnuyazihauiia lunues wiivesmanurumiulanguimangaganouduea

14 s A v
6]]E]\1Llﬂulwaihliﬁl,Wﬂﬂ'JuJﬂa@ﬂﬂﬂ

@®Bvs.H
500 i ‘
RN AWS SN =N = T 23c
400 ——"A—+f 1 1 —
rd i
222 4/1/ 100°C
g 250 ! ///// !
@ 200 i // //
// /7
150 = / 4 -
100 /
ol Y
{1/

(o]
—-10 O 10 20 30 40 50 60 70 80 90 100
H (A/m)

2NN 2.45 13U IR aaae s savownumos l5a



64

=

v) mmsaadeluunumes 1sd (Core Loss)

Y v

=

a da X Y o 0o q ¥ Y Iy £ o

msgadeinmnadulunnumeslsd sz liunues lsddou daliaigudn 2
{ A [ a o A
Usgms Ao MIgaudeNinanNanyuzadnesIFaueaLny (Hysteresis Loss) HagMIgayidsn
a 3 P = d' =

m3tfanszua lvanluunumes 5@ (Eddy Current Loss) A28 100 kHz Mygaydeninnis
a = Y o 2 d‘d 1 1 9 [ g}/ =) d'
manszua lvarulunnuazlianfosdmsuununlvwalug Tdunidn duiumsguyaen

' Y a 9 a Y = a o A = 1 =
noldinanuiouluunueiviinsan lAninms gy @on19aamess T v N uIieI08131AY)
3 ' J 2 A a dy 4 J = a ' o w
degnnsmuaasmmsgar@onnavuluunumles lsduaaaldlu nmn 246 00 mimias

3 a - % 4 2 @ 1 1
gudvzgnszy 1tlunTadaddenilsgnuianuas (KW / m*) nazliavunusinnumumiu

U g
a

o ¢ 1 g = P} = P L e
ANWLLULAN mmniumﬂmmmmQQmwﬂmmﬂmmﬂlamﬂmﬂai'13@1

U

® Pcv vs. Freq. 50mT, 80°C

10° 5
7
I
/| /
— 2
T ,/’/
2 S
8 )rd
4’////
10 == 7H10 3 -
-
5/ 02048
=
6H20 4
0 [ 4]
10 100 1000
Freq. (kHz)

d' ! = J o dy a
HNINN 2.46 ﬂ?ﬂ?igﬂ]ﬂlﬁﬂiuuﬂulwﬂﬁllﬁﬂ‘uﬂﬂlu@ﬁTiclfuﬂ 6H20 7H20 ttag 7H10

v
2.8.1.3 UDUUU (Bobbin)
v
U@UUHW%@LLUU?@QWU ‘]Jﬂ@ﬁ'ﬁ]']ﬂWﬁTﬁ@ﬂ Gﬁuﬂﬂuﬂ'ﬂﬂ%!@u"lﬁ}i;ﬁ
a Qy ] @ 14 4 2 [
Ltaz"lum"lw mJuuu%ﬂnEJGlﬁ)mSWmlﬂa’aﬂuuuﬂumgshl’mﬁzmﬂﬁuuaz‘i’jamuﬂﬂgmmi
o ' ¢ % 2 4 2 %
amwiizwmwﬂmmmmmmﬂaﬂm °]_|@UU‘LHJGU1“@11"I@]ﬁﬂ"luﬁ"mllTﬁﬁ;@TuLLﬂuLWﬂ{lﬁ@]
4 [ 1 o 4 @
uﬂuuuﬁ’miwmﬁzgﬂaaﬂLL‘}J‘}ﬂﬁ’ﬁﬁlﬂWﬂa’m%mum Lﬁ@ﬂ’mJﬁzmﬂiumswmma’muazmi

% =)

ANIAANLILLKY PCB



65

4
2.8.1.4 239NDIUAIBIVUIY1 (Enamelled Copper Wire)

E4
o

MINuvAaIAvBId I HeniaInye Unavzldaranosuasoruiite

dal )

E4 ] v Pl
wuuuunuueuduie 1# Idswiuseumudesns vuevesuaalaneuasnoz lsiuriuiueg
(% ~ [ = 9 = A
Aunszuan lrarmuvaaln ANYD LazNat19ReaDuY

2.8.1.5 WUauIU (Insulation Tape)

Y o o @ < o ' g o
miauaulgiudimiuiuaises senieruveIvaalalua?
A o a A A 0 o 3 Y v 2 o q ¥
mienhainge uaziianudiag lumsduauiuilosnuanudemevosuaaia tazsinn
= < o Aq Yo < s A 2 2
vaaalinnuudanss Aggaldiuniauiuerniuninluars Mylar) vSeIndedaos
[ 4
(Polyester) NTANNUIBEGIUTIG0.05 - 0.1 Hadwasnisaen lFziuegiunseonuuua
o 1 (Y { o a A g [
Yaeany Adesmsnaduntieniranyailungn
282  MIPAUUUA R (Inductor)
2.82.1 YommualumseenuuudimileniiaInya

9 v
1. ﬂluWﬂLLﬁzg‘ﬂiNﬁ’JM“ﬂﬁﬂ’NN?]‘U@QﬂﬁZLLﬁLLﬁ%LLiQ@H

Y
v =

2. Mdagauds Use@nTnmnioganginmuiy
A EY a 4
3. aaauane IihuezFenaou
2.8.2.2 Yannalumssenuvuaiviientinalnag
1 1 < A 9 <
1. ANUHULHUTULUHANDUAIUDILUA LKA
o w = A <
2. Masnugadslualaneaansounuman
wa A 1 MY, < Y
3. AUANUADU) 1% Permeability (£) fluau
4 o w [ . '
(HDIA8TDINAVDILAUINAN (Saturation or Core loss) A1NITNDDALUUNIAINIY

1 ] < 4
Wuuugegaveuduusasiman lannaunish 2.64

LI
TR as

2
=)
V9]
=)

] ] 3 a {
R mmwumuuqaqﬂmmﬁumummaﬂ Wﬂ1§m1ﬁ 0.1 -0.6 Nga1: T)

max

9 g s
L ULIULHAN (1UUDT: Wb)

3

5]

<
)3
@

- Y o

A A ' <} a A 2
NUNHHUIOAVDIUUNULUNLHAN (1T NUAALUAT: M)

o))
@

IUIUTOVVBIAIANNUTOULAY

=z w
o))
@

Y ' g A 9 g
LA UL AN NINYINADIVAAIANIHUA

N
)Y
)

max



66

L Ao AANUHLE (1815 H)

A ' A 1 (J d‘ o 4
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[y 1 9 d'
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P =1_°R (2.65)
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2.8.4.4 AUIUMITIUIUTOVVDIVAAIANNAUNITN 2.71
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W=(N x fiuiinthdavaaianlense) /k (2.74)
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WneaY iy AN hwmin $1UIUTOUABCM
AWG gudnana (mm) | dwumu (75°) /km kg/km

0 8.25 0.392 457

I 7.35 0.494 377

2 6.54 0.624 299

3 5.83 0.786 237

4 5.19 0.991 188

5 4.62 1.25 149

6 4.12 1.58 118

7 3.67 1.99 93.8

8 3.26 2.51 74.4

9 291 3.16 59.0

10 2.59 IR 46.8 14
11 2.31 5.03 37.1 17
12 2.05 6.34 29.4 22
13 1.83 7.99 23.3 27
14 1.63 10.1 18.5 34
15 1.45 RN 14.7 40
16 1.29 16.0 11.6 51
17 1.15 20.2 9.23 63
18 1.02 2 .F 7.32 79
19 0.912 32.1 5.8 98
20 0.812 40.5 4.6 123
21 0.732 51.1 3.65 153
22 0.644 64.4 2.3 192
23 0.573 81.2 2.89 237
24 0.511 102 1.82 293
25 0.455 129 1.44 364
26 0.405 163 1.15 454
27 0.361 205 1.1 575
28 0.321 259 1.39 710
29 0.286 327 1.75 871
30 0.255 421 2.21 1090
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3.1.3  mydenlaleariianduauaniizInuldizd (Ultra Fast and Hyper Fast Diode)
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a a [ ] <
nuddeilidenlylaTeasiianduauaniizlnilas (Ultra Fast and Hyper
. o o A B~ o v Y A o A
Fast Diode) thunzdmiuaiuniinnudgann mshaudesns i laTeaiinszudegnlaon
I ) 1 <3 = & v 9 ] =3
annzilungariinszudedesiag Tsanarlumsiudidoundulszuias 40 ns 89 150 ns

Tagazinsannszuagagan Ivarulaloaldanaunisi 3.2

1 1
Irms = —— x Ipeak x .| = = 0.707 x12.25x1.325 = 11.47A (3.2)
V2 P D
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18 amsetiaenldlaToa wos MUR3020PT Hanunszia la 30 A
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‘P, -D 80x100x0.583
Cpy b =T TRV = = 777.34F (3.3)
Vo, - AVy,. -(47s) 60 x1x(4x25kHz)
A A Vv & ) o
e  Cg,e Mo AdImulszanidueding
% Ao usadueIdENa A1 60 V
Bus ;
P, #e masliihveusadiFomas
A v o A
D Ao 1)3NTU (Duty Cycle) U1 0.583
fg Ao AnudaIntenlHluaees a1 25 kHz
A @ d‘ Y 4 o =
AVp, . AB usaaunsziounaeanamualiim 1v szana 1.5 % veq

Bus
USIRUDIENA)

n Ao Uszaninn 80 %
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4 Aa o v o o ] [
105 LAS55-P ¥09U3HN LEM 843 Conversion Ratio 1:1000 1y l¥aiadnindesriu dyana
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1995 a8un Tz uus AN NN 3.4 299592 19MANN1TUDII99T UL IR (Voltage

Divider) fUIUM1 R, uag R, 140 1naun1si 3.4
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R{ERE™ (3.4)

sensor

4 o 1 I'4 @ 1 < a o Y]
Wolnszua IMar s UIE03 AT INTLUAANNAA (Rated Current) 1M191 40 mA
NNIAZDINTZUANAUN TV Hall Current 911U 1 5009 1ANTZUANINY 10 mA N
[ Y] a [ = Yy 9 A o A o
Ay unsaaus19ee (Ug, ) iy 10 v 391dadeenszuaiaunileniives Hall Current
o = o Y Y 9 4 4 A d%' 1 )
$1U9U 2 5oUFN IR IAAINTZUANIATUIDIANAVD U UIHO T GIgANLAY 2 111 Lazirun

] S Av 1w o ¥
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Wieuiieuszgndudnga9asniuauuuuii-lo (PT Controller) 1Wo¥INTFAITIAIHANAIAN

U Q

'
(3 I

a da! Y =R o Y v 1 Y 9 [ v J [
AT HAIFYYIUN FAGINATIUVIFNITATNAYYIUNAT PWM ﬂﬁ]kl‘ﬂ

o g

3.1.6 995UV UUNA

o L o @ I @ YA
dyaraidumsuegeaniuaunvesiasanyuziiludyaauwad

2 U 9 o o J

fmasudgaraigndslUdnasadudygruduiune seledaiudyoudving woes
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=1 (Y] S 1w [ { LY [ 4 [
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A 9 a a 9y 1 % a = [ v J
113 2 Nasnalvasilaiia JK naraadygauinninud 25 kHz 901 dyaiawans
] [ = ~ o Y A . . A dy = ~ o 9 ~
gouaiiu 2 auTaeledaaui 1 9zvimiil Active High fvouanau Todaaui 2 azvimiig
. . A Y 1w A = e 2 d ~ °
Active High fvevuviasudrdedyana i lodiues SN74HC08 Failu'lod NAND Gate i1
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<
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1
1
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4
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B
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1ngiions Isanuueslediues LM555/NESS5/SA555 151N Fairchild Semiconductor
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=

d' d‘ o A 9 d' 1Y dy
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DS1104 R&D Controller Board
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® Single-board PCl hardware for use in PCs

m Set of intelligent I/0 on-board

dSPACE
v/ 4
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- DS1104 R&D Controller Board

Cost-effective system for
controller development

Key Features

= Single-board PCI hardware for use

m Set of intelligent I/O on-board

Description

Application Areas

The real-time hardware based on PowerPC
technology and its set of /O interfaces make
the controller board an ideal solution for
developing controllers in various fields, such as
drives, robotics, aerospace and automotives.

= Incremental encoder interface
m Serial interface (UART)

Key Benefits

The DS1104 upgrades your PC to a powerful
development system for rapid control prototyping
(,R&D" stands for research & development).
Real-Time Interface provides Simulink® blocks
for graphical configuration of A/D, D/A, digital
I/O lines, incremental encoder interface and
PWM generation, for example. The board can
be installed in virtually any PC with a free 5-V
PCl slot.

Real-Time Interface

Using Real-Time Interface

With Real-Time Interface (RTl), you can easily
run your function models on the DS1104 R&D
Controller Board. You can configure all I/O
graphically by dragging RTI blocks and reduce
the implementation time to a minimum.
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Digital
incremental
encoder interface

Serial interface

Slave DSP

Host interface

Physical
characteristics

Channels

Position counters

Sensor supply voltage
Configuration
Baud rate

Type

Clock rate
Memory

1/0 channels

Input voltage range

Qutput current

Physical size
Ambient temperature
Cooling

Power consumption
Pawer supply

= 2 independent channels

u Selectable single-ended (TTL) or differential (RS422) input (software programmable
for each channel)

u 24-bit resolution

w Max. 1.65 MHz input frequency, i.e., fourfold pulse count up to 6.6 MHz

= Counter reset or reload via software

= 5V/0.5A

= Single UART (universal asynchronous receiver and transmitter) with FIFO

= PLL-driven UART for accurate baud rate selection

®m RS232/RS422/RS485 compatibility

mUpto 11 (RS232)

mUpto 1 M 5422/RS485)

m Texas Instruments TMS320F240 DSP

m 16-bit fixed-point processor

m 20 MHz

®m 64Kx16 external code memory

®m 28Kx16 external data memory

® 4Kx16 dual-port memory for communication

m 32 KB flash memory

m 10 PWM outputs

m 4 capture inputs

m 1 serial peripheral interface

= TTL input/output level

m A/D converter inputs: 0 ... 5V

® Max. £13 mA

= Requires one 33 MHz / 32-bit 5-V PCl slot

® 185 107 mm (7.28 x 4.2 in)

BN ALE(IALLLA] LF)

= Active cooling by fan

m 185 W

w+5V 5%, 2.5A
=412V 5%, 03A
®-12V£5%,02A

Order Information

DS1104 R&D Controller Board = DS1104

Relevant Software and Hardware

Included m DS1104 Real-Time Library -
m Experiment and Platform Manager for hardware H
management
Required |'m ReakTimelnterface |\ 720 R[] < ]
I Mierotec € Compiler- L meeRpee L]
Optional m ControlDesk Standard — Operator Version nCS O
= ControlDesk Standard — Developer Version n CS. D
= MLIB/MTRACE = MLIB/MTRACE
= CLIB = CLIB

Optional m Connector Panel m CP1104

m Combined Connector/LED Panel m CLP1104



PCl Interface

Interrupt Control
Unit

H
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Induction Motor Control

Drive Control

In this use case, an induction motor controller is
developed with the D5S1104. The slave DSP systern
was designed for applications in drive control,
and the PowerPC's calculation power supports
convenient simulation and a smooth development
process. In combination with Simulink®,
the board makes it easy to verify and optimize
control algorithms and parameters.

Determining Values

One of the board's incremental encoder interfaces
picks up the encoder signal of the motar, while
two A/D converters are required to analyze the
motor currents. The controller board calculates
the control algorithm on the basis of the mea-
sured values and determines the corresponding
pulse width modulation (PWM). The three-phase
PWM signals are generated on the board's DSP
subsystem and determine the converter’s output
voltage and frequency.

=1 - /58
DS1104 R&D S VS
Controller Board | e
Encader Signal
b
6 PWM i
Signals
v
o—— Ua
AC Frequency Up e
Converter Uc—\'
o— |

Block Diagram

Use Case
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Headquarters in Germany

dSPACE GmbH
Technologiepark 25
33100 Paderborn

Tel.. +49 5251 1638-0
Fax: +49 525166529
info@dspace.de

dSPACE
v/ 4

United Kingdom
dSPACE Ltd.

Unit B7 - Beech House
Melbourn Science Park
Melbourn

Hertfordshire - SG8 6HB
Tel.: +44 1763 269 020
Fax: +44 1763 269 021
info@dspace.itd.uk

Japan

dSPACE Japan K.K.

10F Gotenyama Trust Tower
4-7-35 Kitashinagawa
Shinagawa-ku

Tokyo 140-0001

Tel: +813 5798 5460

Fax: +813 5798 5464
info@dspace.jp

France

dSPACE Sarl

Parc Burospace

Batiment 20

Route de la Plaine de Gisy
91573 Biévres Cedex

Tel.: +33 1 6935 5060
Fax: +33 1 6935 5061
info@dspace.fr

USA and Canada

dSPACE Inc.
50131 Pontiac Trail

Wixom - MI - USA 48393-2020

Tel.: +1 248 295 4700
Fax: +1 248 295 2950
info@dspaceinc.com

www.dspace.com

@ Copyright 2008 by dSPACE GmbH. All rights reserved. Written permission is required for reproduction of all or parts of this publication. The source must be stated in any such reproduction

dSPACE is continually improving its products and reserves the right to alter the spedifications of the products contained within this publication at any time without notice

Brand names or product names are trademarks or registered trademarks of their respective companies or organizations.
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The Investigation in Hybrid DC Energy Control of Fuel Cell a’d Battery
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ABSTRACT

This paper is presented the study of the hybrid dc energy control
with fuel cell and battery. By determine that the fuel cell shall be the
main supply source which connected to dc bus by 4-phase boost
comvorton; Alus e batary chall 5o b 56y Uhids sow S
in order to adjust the respoase of
the dynamics while load requires the high encrgy. Moteover the battery
is the clectrical power storage device , three operating modes. The
control strategy is a PI-Control (Cascade cootrol type). In this paper use
fuel cell type PEMFC 1.2 kW, 26 V, 46A and 12V, 12Ah lcad-acid
battery 6 unit The numerical calculation in dSPACE DS1104,

d 1o the 2-quad:

MOSFET modules arc used as switches in the converier with the
switching frequency of 25 kHz. Rated voltage de bus is 60 Vdc. The

experimental result is show de perfi for three operating
modcs. The initial state is zero ummuuuw
starts $o maximum power with it} 410 5, and de bus is' no over 10%
down when step load. i
Key words: Fuel Cell, Cmcmr.ﬂybnd
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