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The Study of Hybrid system using FC and IPT for Railway system

K.HHAN', B.SLEE", HJ.PARK", S.Y.KWON", S.H.BAEK
‘Dongguk Univ. Electric Dept., “Korea Railroad Research institute

Abstract Urban air quality, including
carbon-dioxide emissions, and national energy security
are related issues affecting the rail industry and
transportation sector as a whole. They are related by
the fact that (in the United States) 97-98% of the
energy for the transport sector is based on oil, and
more than 60% is imported. A fuelcell locomotive
combines the environmental advantages of a
catenary-electric locomotive with the higher overall
energy efficiency and lower infrastructure costs of a
diesel-electric.  Catenaryelectric  locomotives, when
viewed as only one component of a distributed
machine that includes an electricity-generating plant
and transmission lines, are the least energy-efficient
locomotive type. The natural fuel for a fuelcell is
hydrogen, which can be produced from many
renewable energies and nuclear energy, and thus a
hydrogen-fuelcell locomotive will not depend on
imported oil for its energy supply. This paper
proposes a base models of Hybrid fuel cell/IPT
railway vehicle power system, the necessary of this
research.
.M B

HZ Fe §&, A AAder ¥d8 337 &
AZ Q8 #7t7F F53HA FUdNEe FEdd oY
I 2 A A, AAAH FAJE a3 gl

olu AA WEFH 97% olide] 71& M4 3 F
Al x"oln] 1 F FU A¥] FF 100%E FUd &
S e AAFolth B oy ¥ o)f 2, AE/EFHuESW
A o] FHA HFo] Frlsld, old WE YFHFY o &
gol Frgtd FAd A& dAsY HZEAI Holw
Hybrid 2t53t29] #4o] Axjxm ot vz Ade &
A d71edE 2@ SAdR A6EP Yoz
ARARXE o]£3 Hybrid HE FAAN2EL AF3FHY
HERE 7S A 5 AL o) gl

o2l 714 fuel cello] EMBIATH AEAE3 FUgor
23t g PEM fuel cell® 43, 7hA 34k Asa, 19
o ABeel 508 TR 47 & & X FAH
W Fhet Adart AsFolA wed o, DC Ago) ¥y
Hiu g3 o] FAEZ wAH.

BOP(balance-of-plant) Q&8FFH J4AE AAES
A8 a7 TFHE FEolth. BOPE 4719 389 Alage
2 vE ¢ ded o 3d 4AY g4 d5g FE
A% Aotk FRAAY RAEE LA E &

F g shud Fde AA Qud Fx
Aggozr 5&E Fus & £ Ao
A8 & g AsAd 2HET Q)

<& 9ujgd,

Ay AZER Fdists A% JI8H A Hybrid
AN2de 7% 22 AX(Ni-MH %) Supercaps
gto] QAR E AF ol AFH AN L LREY
308 gLite o] e F A&7 FH F
S EF 94 A A FEFAE ol 8% F4F 4
HAQ)E oulgtt i

olvl 293 ALHFEY Ao dde] JdR(EA FL& 4
2)E st AMgsA] Fx, WeEddg o] g3t A
NIREE FEIE sl AFAE MEste 5 o
wizlgER R |zt 29 ol ¥-& ILEE Hybrid 3
N2dg TS(1LZ 25km), S&THILY 28km), ETHIL
9 35km) 59 4F 714 g0l & 5o AL gl

TR 712 AL FF NUAELE 20~40%, 94xHF
oy FEAX7 ¥R v AEAAS wAY o FAYs}
=g 84 A Ho 28 BR7A o2y duAA 9
AR 3EHEA gy 5~20%Y L Aoz 4A
Hybrid 33X 28L& ojn}, & SN E AFo] & A
9oz & & At

Naglde 2ERE

o4

T o
o 2% ot o

25,00%

22.30% 21%

20.00%

17.20%
15.80%

15.00%

10.00%

5.00%

0.00%
HZHA Hybrid SR Hybrid wengy

[¢E5FFD]

PEBRR

2% 1. 9¥H PEM fuel cell 38 Alx=d9] F=

ABRAR] MN2dg g A8 g ddde
ARA4 AH F shte sjgAY, ANF, AY 5 EF
7] Aol Y09 SOx(3F4F3HE), NOx(2&tshE) W&
glol, drlede dest Qi dadx TAN2PE A
489 34 AE AFM2Y FHo| JHeEtE ol

=3, dadx Nads H8E =T A=Y
EAd FHE =84 71€g¢ HEEH, 71€ Hybrid/
AZ|AEAAA X A AL Fled A F,

€ 18 A FYAUS A FAARL, FadYA ¢
AR )5 FHse Ho| shwdich s - wiEHE 3ol
Hg= RTRI LRV "Hi-tram” 13| %322 30km F37}
i 7M4A ARAHY T0%E AEA AAHY AHE
th(f3 CITADIS or Hybrid bibi, Alstom A3 d&47
W F)

Az BelEE 27be] Hybrid WA A9 2AF AL

- 218 -



S Q) FARE dPeR #iMe BE £E7F =g
qEol wrA {7 & 2F anE vl ofg e
©He] glomz AlAd ulg oiv dAz€ HP FFst
2 &2 Hybrid mEA 2 T8 A3 7julA] M 2 A
AE7F siAsjol & A A o2t WH A
HENAYY EAS A543 g0z i A2d4/4A
A AN BTt Qadol=d Hybrid ZEANA®H 78
o] 7bsstelet AzE

22 B

2.1 HEXZFE Fuel CelflPT System

At or A4S PEM fuel cell system® 3
HE 7148 daAdxey 42 &8s CHPGY +&(2
g DE B3 A9 4 vt CHPG#, Combined Heat
and Power Generation® &2, /1A71& wj£3 4=
Ax A FFA2d, DC/DC AW El 9 DC/AC AW e s}
g7 AFA Lol 9oy dubHl duAA A
25 AR Fds ARARA] @A Aado] F33A
HE R 9 B8 34 o @ 4 gtk

19 2. AvtA PEM fuel cell A3 A2de]
T3

FEngE JdRAxY £ EAL dAF/AAGE
wAstE Agder B 4 glon, agEg dRAAY
29 A FoAA Ay HuA e HiT Z=F
DC bus voltage 7+ s ¢tsjo #vh, At 4 A
HEC &M FPP. A¥EHE 2947 on HUS
dol= ¢4 ouAE QIYEd AMFAstn, ~HA7} off
Hg d AGA e dgE A E tha] FHg
Ak 29 7|7} HAsA 2dHE, AAAE AY
& RatolAM AAEA FxE £ i)

A4 A" g 3T Alade AS, A% v
A 8FHE L duyx dUEE  ngs 4
Battery(Super Capacitor)?} ¥ 884 ol 7zt HA(Z
2 Fx AA)vid [PT(Inductive Power Transformer)
system& ol &§o2H sbasirt.

Pysleelt Prime . SRR U

Acx Stetage
{3anery o
Fiywhael}

N

a9 3. 98 4A Hybrid $AA 2499
HHdolo 1y

Hybrid @884 IPT BgA2de 74 % 982 ¢}
3 Zth DC buse]l $E2 d4% DC g2 A
EoolElE dAYe 2% S UHYFLEN RIHE AR
A BYAek. 97l bidirectional DC-DC
converterst 92 % Super Cap.ol NUAE ¢qHo=
AAsFst #4438 27HE & 6 w DC ¥
A ARANEE dYAE AL

22 HE X2k Fuel CellIPT System Model

A& ol &3

29 28 dgAdx 2 AEFAIPT) Aadg ol &3
sojHgln Ay A Awotl PEM fuel cell A3t A&
s1g DC = 71WA B Bidirectinoal DC/DC AHEH &
%3] SuperCap.® A= sich vt E IPT Al2d
¢ o] #etdd & SuperCap. Fdo] 7M58 F2& AL
AE AL FAF F Yk

DC/DC AHE dgdz AdAlade dEAJA 714
TAE 29 2944 RoFEt}h the]lex po] g oR
dREE AFE e B9, 29F 7% 9 HAse
22 o ojud FaAAY HAFY FHEE AFEHE I
g2 FAAE(C,)7 g2 dRAR e &9 AHsHs
ZqtstE DC/DC AvlE g 374 DC/AC AHE g+

= AHFE AT e Aolrh. Mol H¥ W3
Zo &4o] gE AN JdHAMY HAF A& Aot
= 7R ste AnE e Fo] AYM R=Z ATHE
A% DC/DC AWEE F A9 4 )7 )] BAEH
A},

KA

1 v,
il DY e
TR aT i (R,

(D

J‘j—";——i-("u b Dy ):%“‘;s ) (2)
v, & PWM 71z 5 #H¥# A<hg, DE 294 on
duty, vper QRAAA AW FHAY, 28R vpeT
AW E 9 £ AYES VeI
AW e &4o] glax 4, A8 AHE, Pro=ipe v
= AuEe 29AY, P, =it o 28, &
Holxle AFe AANEHE &7 o] Yed £ 9l
o},
i 2P vl 3
‘,DL‘ ‘yL‘C

Lp = deon ™ liowd (4)

_ Vechie

[ T o 5)
V..
23

o 4Ee 2lg AHws, % DC P2 AYW s
| AR g hAE 2% 48 Asd e 49 A

q

i)
o

F3olHE 348 aF

= 4l

2 uwol A Y= HYRFES FFte WY FEEAS
BAe agz 23deE 4% 34 FAE HFE G
Ajzelo] pAFT Bup ¥ fFx F4 A2y 7



o AR R ELICRE
= o] 7lesi).

J"a 5. ~n-E |4 /\]*%

AE WYY 145 AYASR Avo] o] 93
F ol WA SR 243 YAade Beel f=

Vv —ju)/\{plu 6)
Vo _ M
psc = Epl—:—= rﬂILl (7)
I
P =1V, L) = “Z‘;Q‘ ®

24 Y YA Ar) $8 AFE +4 68014
2 % 9ol yyr, HEAYRAS 23 A7) Aupsg
dol oj&stel 135 AHAEE AF 1,0 o A4
£ 9 4 g

23 FUlY HEXEE Hybrid Fuel CellIPT System
FETFEFEN HE Aadd daAAE ol&§
Hybrid Al2¥ 2 4EF3949 g dojr
dAae H& *}3!]7} ek

S ZEa FHAgA lE FA AsAA Hybrid 2%
A 20209 AEAR] AFae P FyE 4435 s}
4 AFH Jleid 4y 9 Age £Ysy, daAx
A 2 Fa8 T, %ﬂ Av|gd vl 273 %
Aqe rlﬁﬂ A vlF U e] AHEga Fo Folr}

?f%’,‘n‘.ﬂ
19 6. FE 34 A29& o8¢

A2z 32

5, T2 942 58 THEE FUAdEAAME
20023 =%E EVIAC (Electric Vehicle Inductive
Automatic Charging) *ﬂ“] A7 AHEA 9 AgA
o 888 & v 5 FHANEE TF AEsin g
o, FE FAVNES —:——5—*}"‘%]011 g A2 e
s gtaurta f4N #4898 FA4ANHA A
e A= 34 AP J43E 5 5 A

WFARAEY HE eaW= EH‘£M|’~1 ad+& ‘35}"1
B34 A4 FEFH 2FAEANNEHAL
Fsto] 43 AZAFol Ad Foln, dE %‘-r,
Fe W49 Hybrid 589 Al2d9 Aes) 2dys
F4 A%9 BHufe ow, ofF Bst Hybrd A
2ge] HAN T 7“*1°|l A3 #dd @i’ﬂ?‘l 7)ol

W% #3e Aok ov] Hybrid 3 AM&g 3
€8 B Aad 7H‘QE AEAYANA F lﬁ}" Ak
3.2 B
€ =Ed H9 A= Aad AP HL4HE 98
BA/PT 44 22 AN2ge A 248 A

of AFAE EE T&7 Aldiel 3R nE A2
FEE &, dux Hefdl sodg F 9l fuel
cel/IPT Al2®& ARt £ 7152 &7HE
¥2 duyx WUxE xwPs £ Battery(Super
Capacitor) 9} Ax9vuicl IPT(Inductive  Power
Transformer) system& ©|83l= PEM fuel cell
system® Z} 28 Q47 HE modelE AASAT

&3 2 #]

(1] AR. Miller, D.H. DaCosta, and M. Golben, ““Reversible
Metal-Hydride Storage for a Fuelcell Mine Loader,™
Proceedings of the Intertech-Pira Conference 2006
Hydrogen and Storage Forum,Vancouver, Canada (11-13
September 2006).

[2] AJ. Forsyth, S. V. Mollov, “Modeling and control
of DC-DC converters,” Power Engineering Journal,
vol. 12, Issue 5, pp. 229-236, Oct. 1998.

[3] B. Baha, “Modeling of resonant switched-mode
converters using SIMULINK,” IEE Proc.-Electr.
Power Appl, vol. 145 No. 3, pp. 159-164, May
1998.

[4] P. Moraal and I Kolmanovsky, “Turbocharger
Modeling for Automotive control Applications,”
SAE Paper 19950-01-0908.

- 220 -



