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An Improvement of Voltage Disturbances for Fuel Cell Systems

e TR -8HEL
(Yoon-Ho Kim * Hyun-Wook Moon * Eun-Jin Jeong)

Abstract - The fuel cell systems are one of very useful energy sources. The systems have advantages as renewable

and environmental sources.

To obtain AC components from fuel cells, it needs inverters. A multilevel converter is used

as a power conversion system for a high power fuel cell system. Through harmonic analysis, it is shown that the
harmonic components and THD increase while a fundamental component of output decreases as voltage droop increases.
To solve the voltage disturbance problems, three different approaches are investigated in this paper; installation of a
boost converter at the fuel cell output, control of pulse widths, and use of ultracapacitors. The proposed three approaches
are analyzed and compared through simulation and experimental results.
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Fig. 1 A single-phase structure with a 7-level cascaded
H-bridge inverter
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Fig. 2 Output voltage of the 7-level cascade inverter and
output voltages of each converter
(a) final output and its fundamental wave
(b) first converter output
(c) second converter output {(d) third converter output
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Fig. 4 THD with the first fuel cell voltage droops
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Fig. 5 THD with the second fuel cell voltage droops
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Fig. 6 Block diagram of the proposed fuel cell system with
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Fig. 7 Simulation results of the first proposed compensation

method

(a) Non-compensated output voltage waveform with

voltage droop from 48V to 28.8V(40%)

(b) Compensated output voltage

{c) Output voliage of the first fuel cell and the boost

converter
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Fig. 9 Simulation results with control of pulse widths

(a) Non-compensated inverter output voltage wavems

(b) Compensated inverter output voltage waveforms

(c) Output voltage of the first fuel cell with voltage droop
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Table 1 Comparison with pulse widths between non—-compensated
output voltage and compensated one

Non-compensated output voltage

Voltage(droop) 6, 6 & Vi
48V(0%) - 10.8° 33.3° 63.9° | 138.001[V]
28.8V(40%) 10.8° 33.3° 639° | 120.606[V]
38.4V(20%) 10.8° 33.3° 63.9° | 129.303[V]

Compensated output voltage

Voltage(droop) 6 & & Vi
48V (0%) 10.8° 33.3° 63.9° | 138.001[V]
28.8V(40%) 9.0° 315° | 468° |137.993[V]
38.4V(20%) 9.9° 32.4° 57.6° |[138.005[V1]
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Fig. 10 One part of a 7-level cascaded H-bridge inverter
with ultracapacitors expressed by an equivalent circuit
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Fig. 11 Simulation results of the first proposed compensation
method
(@ Non-compensated output voltage waveform with
voltage droop from 48V to 28.8V (40%)
(b) Compensated output voltage
(c} Output voitage of the first fuel cell and ultracapacitors
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Fig. 13 Experiment results of the first proposed compensation
method
(@) Non-compensated output voltage waveform with
voltage droop from 48V to 28.8V(40%) in the first fuel
cell systems
(b) Compensated output voltage
(c) Output voltage of the first fuel cell (channel 1) and
the boost converter {channe! 2)
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(a) Uncompensated output voltage with voltage droop
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(b} Compensated inverter output voltage
(c) Output voltage of the first fuel cell (channel 2) and
ultracapacitors (channe! 3)

7.4 B

dE AA AN2de EHE AY AG A2dddx dY F
L ¥ F8F FAY A8 AA AN2dL A 4@
TAE AR QUth 53] AlF A4 &3 A, A8 I8 A=
ge] B ¢ FadFel we At Ase 1Y F24 9
FS WRAE & 8400t & =EAAE UuiE ] =#d 49}

251



BRI E 54B% S8 20055 5A

dg AA Y9 AY Fstel wel nxgE BT 2H
il duEe I 33 A8 AA Axd H{Y duEHE
A Aladel 2gd o A¥E Y HE +& ZAH}E Aol F
a3t 328 §4 Ade dHE #Hde F£&€ FFse A
E2A AHE F ok 2@ 128 E4E F3d A 2
87t 5718 o 1z JELS FadE AL ¢ F AN

A 2s 2AE AZA37) A3 A JHA g AS H
Aen, Add WYPEL 4z F/AHE A Yok F&
E AWHY 4219 SEAAANHE AT B 7MLS ¥
&% Aoj7l7t 98 v FFE AT F7HH Y H=d ol
Tl Bt ojd W HAF o] Y FIHHA &
cdo] 74Qol 2ZEdonez AR HA Azl A<t
Z3t BAE 23T 5 Ane A& & F AU " F
2% 0 AoE o]&d WPe] 4R WA MY A8 AA
A2ede] At A3 BAE B A&3oR AMEE §
A

ZAlel 2
o] =F2 AgAARAA Y7 A A= F
2 YAz F8 =FdJ

d 2 2 #®

[1] R. Anahara, S. Yokokawa and M. Sakurai, "Present
status and future prospects for fuel cell power
systems, " Proceedings of the IEEE, vol. 81, no. 3, pp.
399-408, 1993

{21 R. Naik, N. Mohan, M. Rogers and A. Bulawka, "A
novel grid interface, optimized for utility-scale
applications of photovoltaic, wind-electric and fuel-cell
systems,” IEEE Transactions on Power Delivery, vol.
10, no. 4, pp. 1920-1926, 1995

[31 K. Tam and S. Rahman, ”System performance
improvement provided by a power conditioning
subsystem for a central station photovoltaic-fuel cell
power plant,”IEEE  Transactions on  Energy
Conversion, vol. 3, no. 1, pp. 64-70, 1998

[4] Peng, F.Z., Tolbert, LM. "Multilevel converters as a
utility interface for renewable energy systems”, Power
Engineering Society Summer Meeting, IEEE, Volume:
2, 2000

[5] L. Gyugi, "Dynamic Compensation of AC
Transmission Lines by Solid-State Synchronous
Voltage Sources,” IEEE Transactions on Power
Delivery, vol. 9, no. 2, pp. 904-911, 1994

[6] A. van Zyl, J. H. R. Enslin, R. Spee, "A New Unified
Approach to Power Quality Management, "IEEE
Transactions on Power Electronics, vol. 11, no. 5, pp.
691-697, 1996

[71 Yoon-Ho Kim, Sang-Sun Kim, ”"An electrical
modeling and fuzzy logic control of a fuel cell
generation system”, Energy Conversion, IEEE
Transactions on, vol. 14 Issue: 2, pp. 239 - 244, 1999

A A

4232t H
194993 6€ 209 A 19749 AN &t Fd
AANZEH £9. 1987 U=F Texas A
& M iz Z4(F4). 20033 Abayg<l
AgAzss F4Gd. dA FIH I

AR FHE 0S5

2 H S (X &#

19793 09¥ 07¢ 4. 2003d 29 F4dl
AAH7) B 2. 20059 28 5 o
Q

ARA7 B EE FY (A

¥ed@® R
19773 099 1094. 2003 2¢9 43
AFE S EANFAS 4. 20059 29 F
ol iz
AR FAE FAHAD,



