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Abstract

This research proposes a new fuel cell emulator used to replace a real fuel cell
system during the development stage of a fuel-cell inverter system. The power stage of
this new fuel cell emulator consists of a current source converter (buck rectifier) and a
dc-to-dc buck converter. With the collaboration of these two power electronics circuits
and the anticipated control technique, the proposed fuel cell emulator effectively
provides both correctly emulated responses for various types of fuel cells and the high-
quality output voltage and current. This research mainly focuses on emulating the
behavior of two well-known types of fuel cell systems suitable to be applied in Thailand,
i.e. Proton Exchange Membrane Fuel Cell (PEMFC) and Solid Oxide Fuel Cells
(SOFC).

This report presents analysis, modeling and control strategy for the proposed
systems. To verify their performance, hardware prototypes of the emulator, as well as
the inverter system, have been implemented. The experiment results showed that the
performance of the proposed fuel cell emulation is exceptional and is consistent with the

proposed concept.
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Energy density
Storage method Storage efficiency (%) | Net energy density
Of fuel
H, at 300 bar pressure in 119.9MJ kg -1 06 0.72MJ kg -1
composite cylinders 33.3 kWh kg -1 . 0.20 kWh kg -1
119.9MJ kg -1 0.78MJ kg -1
H, in metal hydride cylinders 0.65
33.3 kWh kg -1 0.22 kWh kg -1
H, from methanol — indirect 119.9MJ kg -1 8.27MJ kg -1
6.9
methanol 33.3 kWh kg -1 2.3 kWh kg -1
Methanol in strong plastic 19MJ kg -1 ° 18.9MJ kg -1
5
Tanks for direct use as fuel 5.54 kWh kg -1 5.26 kWh kg -1
1.2 —|
1.0 — PEMFC

0.8
Cell voltage

0.6 — DMFC
/ Power = 60 mW cm
0.4 —
0.2 —
50 100 150 200 250

Current density (mA cm™)
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9. lwadldaInavLULINAaA1sUaLBAaan (Molten Carbonate - MCFC)
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1) WUy Tubular

g1 BoWAILUY Tubular  SOFC lélmswaimneassusniiiatl a.a. 1970 Tag
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2) WUy Planer
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Eﬂﬁ 33 LATRINAANTZUE WA WUL Tubular Solid Oxide lae Siemens Westinghouse

(‘ﬁm www.moea.state.mn.us.htm)
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I Polymer electrolyte
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3171 38 Snwmizwsin Bipolar Plate (flan http:/www.tfic.kmitnb.ac.th)
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(VfC _2Vds(0n)) @
T
(70)
Np Vdc
Ns = 1.4+—
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Januuzinlawnunneas [11] seiae

2Vin Tr lpft Tt Tr+Tf
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2 T 2 T T
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LbNe
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(73)
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T T
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WILHARANagIgaazldanaziluaguatu (Modulation Index) AUATUTIAUBUNAIN

v
Yy A

ﬁllfﬂiﬂ’ﬁ‘ﬁ’]LL?GGQ]'%LG’]@T‘V!@IVL@@\‘]%

Vdc
Vout = M(—jSine( m1T);0<M<1

2
(88)
Half—bridge
Inverter
+400 V
J_ Output
_| Filter
220N
T ——e
ull _L 50Hz
—400 'V =
gﬂﬁ 89 Tn39319289799303 90U [15]
FAATININTU (swl) V0929938 AT
M
Vout = 0.5 — [Sine( M1T) + highestfrequency
2
(89)
Vl']ﬂ"]ﬂizl,l,ﬁ“ﬂ6\1’3\1%351'1?']LL?Gﬁ%LLNzﬁWﬁGGW%LB’]@TV‘!@
Irms = 1500/220 = 6.8 A
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Ada

1 v 6 o A s =3 d I3 1
lunsdindnisienszualdfiugdnisidmansameniadiiudszy sadunsd
AN . & A w . A AV va & [
InaaflaiduiBadu (Non-linear load) suydiinszusfldfiamiznizumardwananya
(Fundamental) Auanslufiafiana (Third harmonic) 1Nt ENNNITAFIWIUAINTEUE LHANN

s @ 6w dyd
mmawwuﬁm@avlﬂuﬂa

Ims = +/2hSine (@1t — @1) + /21sSine (@1t — @3 )
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Ic1
C =
WAVe
(97)
inia
2.8
C=————— = 4455~ 450|F
2TT X 50X 20
(98)
LLiaﬁugdq@maaﬁaLﬁum:g
1 1
Vet peak = —Vde +—/AVdc
2 2
(99)
AIThI
Vec1,peak = 400+ 10 = 410V
(100)
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2Vin Tr ldc Tf Tr+ Tt
Psw = ldc — |+]| 2Vin—— | = 2ldcVin
2 T 2T T
(103)
Ton
Pcon = [tVCE—— = PTOT
T
(104)
MasnugEsannIsiaduesledii
5n=+130n
Psw =2X4.8X400] —— [=104W
50LL
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Pcon = P(25¢) + Pdecorating
(106)
Pcon =50+ ( 0.4 X75) = 80W
(107)
o @ A 4da o o AaA , @
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Pcon =80+ ( 0.64X75) =128W
(119)
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