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ABSTRACT 

Integration of fuel cell stack with an inverter is complex in nature. A number of factors have to be taken into account in 
designing the inverter as well as during the integration. One of these factors is ripple current which could affect the life 
of the fuel cell stack if there is fuel and/or oxidant starvation. In this paper an inverter topology is investigated which 
significantly reduces or even nullifies the ripple content in the fuel cell system. The investigations have been carried out 
using indigenously developed 1 KW PEMFC stack and a 4 kW PEMFC stack with single and multi phase inverter. The 
results are presented here. 
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1. Introduction 

In recent times fuel cells of different types are under ac- 
tive consideration to meet the power needs of a variety of 
applications owing to a number of their positive charac- 
teristics. Fuel cells are electrochemical devices that con- 
vert chemical energy to electricity energy with high effi- 
ciency. In the case of stationary power applications, elec- 
tricity can either be directly given to utility with the help 
of inverters or supply directly in decentralised/stand 
alone power applications. Fuel cells can also be inte- 
grated with DC-DC converters to cater to DC power re- 
quirements such as in telecom applications. In spite of 
the various beneficial features of fuel cell technology, 
certain challenges still remain, before they can be applied 
to real world applications. A fuel cell system includes be- 
sides the fuel cell stack, a reactants supply system, ther- 
mal management and power management system. There 
are many of challenges in the power conditioning unit 
(PCU) which vary depending on the application. Con- 
ventional inverters used in battery powered UPS systems 
are not suitable for fuel cell applications as the latter re- 
quires an inverter which can accept a large variable input 
DC voltage (sometimes 1:2) at high current. In addition, 
by its nature an inverter could impose its own time vary- 
ing load on fuel cell which would lead to peak currents 
unsustainable by the fuel cells especially under low reac- 
tant conditions [1]. A typical fuel cell PCU employs a 
switch mode DC-DC and DC-AC converters or direct 

DC-AC inverter with transformer boost as shown in Fig- 
ures 1(a) and (b). 

In order for low voltage DC fuel cell to generate 120/ 
240 V AC at 50/60 Hz, the DC-AC inverter is designed 
considering the output voltage regulation of the fuel cell 
stack. The low voltage ac output of the inverter is step- 
ped up using low frequency transformer. The inverter by 
its nature will draw current from the fuel cell stack twice 
that of the ac voltage frequency i.e. 100 Hz for 50 Hz ac 
output system as shown in Figure 2. The ripple current 
that is experienced by the stack could affect the fuel cell 
durability. 

Chagrong Liu and Jih-Sheng Lai [2] have reported 
some methods to overcome low frequency ripple current. 
Woojin Choi et al., [3] have carried out experiments 
using a commercially available fuel cell stack and the re- 
lationship between current and fuel cell stack perfor- 
mance such as power loss and fuel consumption has been 
investigated. Experimental results indicated that ripple cur- 
rent can contribute up to 10% reduction in the available  
 

 

Figure 1. (a) Dc/Dc converter boost; (b) Transformer boost. *Corresponding author. 
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Figure 2. Low frequency ripple current generation by a sin- 
gle phase full bridge inverter [2]. 
 
output power. In the present paper we have attempted to 
reduce the ripple current of the inverter by multiphase 
interleaving by simulation and validated by experimental 
results for a fuel cell of 4 kW capacity. 

2. Experimental 

A transformer based inverter has been used, considering 
the following important design variables of the PCU like 
variation of fuel cell terminal voltage from no-load to full 
load and the maximum ripple current. A large variation 
in fuel cell terminal voltage from no-load to full load, 
results in larger volt-amp rating of the PCU. We have 
carried out various studies using indigenously developed 
1 and 4 kW stacks with sine wave inverters, which de- 
livers 220 V AC, 50 Hz and. The 1 kW PEM fuel cell 
stack consists of 52 cells, delivering a DC voltage was 30 
V and the DC current 35 A. The 4 kW stack consisting of 
40 cells, the nominal full load output voltage Vfc of the 
fuel cell stack is 24 V, and the average current Ifc is 165 A. 
Chauvin arnoux-C.A.8230 power analyzer has been used 
to measure the voltage, current and ripple content of the 
inverter power. 

3. Results and Discussions 

The voltage—current profile of the 1 kW fuel cell stack 
when integrated with the 1 kVA, 1 Ф inverter is shown in 
Figure 3. The maxima and minima of the current wave- 
form for various average current along with ripple factor 
is presented in Table 1. From Figure 3 it can be seen 
that for delivering a power of 850 W the average current 
of the fuel cell stack is 27 A. However, since the stack is 
loaded by inverter the peak current is 42 A. It can also be 
seen that the current ripple leads to ripple content in the 
fuel cell stack output voltage due to inherent impedance 
of fuel cell stack. The “Ripple Factor” which is defined 
as the ratio RMS value of the ripple content to the dc 
component is 40% in this case, in which the peak current 
exceeds the acceptable current limit of the stack, when 
the stack is operated at its full capacity Based on the 
above results, the current drawn by a single phase in- 
verter has been simulated, using Pspice for a 4 kW in- 

verter by considering a fuel cell stack delivering a stack 
output voltage of 25 V at 160 A. If the power were to be 
delivered by a 1 Ф inverter with typical ripple factor of 
40% from the previous results of ripple factor, one can 
obtain the peak value of the ripple component for a sinu- 
soidal wave, which is 90 A. Hence the maximum current 
drawn from the stack will be 250 A and the minima will 
be 70 A, for an average current of 160 A as shown in 
Figure 4. 

In order to reduce the ripple current, two inverters are 
connected in parallel with an average current of 80 A (@  
 

Table 1. Ripple factor at various stack current. 

Average 
current (Idc) 

(A) 

Current minima 
(A) 

Current 
maxima (A) 

Ripple 
factor (%)

4.3 1.1 7.5 52% 

10.5 3.7 17.2 45% 

16.5 5.9 27.0 44% 

17.0 6.2 27.8 44% 

23.2 8.4 38.0 45% 

27.2 10.4 44.0 43% 

 

 

Figure 3. Voltage and current profile of fuel cell stack con- 
nected to inverter. 
 

 

Figure 4. Ripple currents for a single phase inverter. 
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25 V) each, in order to deliver a total output power of 4 
kW. If the two inverters are gated so that the AC output 
voltage is out of phase by 90˚ (i.e. 2 Φ converters) the 
current drawn from the stack by each inverter will be out 
of phase by 180˚ as shown in the Figure 5. Thus the re- 
sultant current drawn from the stack will be 160 A with- 
out ripple. 

Experimental Results 

The 2 Ф inverter is integrated with 4 kW fuel cell stack. 
The inverter is shown in Figure 6. The fuel cell stack is 
shown in Figure 7. 

The fuel cell stack is loaded using the 2 Ф inverter, 
Figure 8 shows the fuel cell voltage and the current 
drawn from the fuel cell stack, it can be seen that for av- 
erage current of 142 A and stack voltage of 30 V the  
 

 

Figure 5. Stack current profile with 2 Φ converters. 
 

 

Figure 6. 2 Ф inverter. 
 

 

Figure 7. Fuel cell stack. 

peak value of current is 150 A. The ripple factor is just 
3%. Figure 9 shows the same fuel cell stack connected to 
1 Ф inverter loaded to 4.1 kW here we can see that the 
peak current drawn from the fuel cell is 194 A and the 
corresponding ripple factor is 32%. 

Hence it can be seen that a 2 Ф inverter is highly be- 
neficial in terms of ripple current reduction, thereby sav- 
ing the fuel cell stack from damage. 

4. Conclusion 

This paper has investigated ripple generation in fuel cell 
stack connected to inverter, since it is claimed that ripple 
current and its corresponding peak current affects the 
stack performance, 2 Ф inverter is suggested which sig- 
nificantly mitigates ripple current and reduces the peak 
current imposed on the fuel cell. This also reduces the 
stack from damage by not drawing excess current than 
the rated current. This has been simulated and proven 
experimentally by connecting a fuel cell stack and a 2 Ф 
inverter and a 1 Ф inverter. 
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Figure 8. Voltage and current profile of fuel cell stack con- 
nected to 2 Ф inverter delivering 4.2 kW. 
 

 

Figure 9. Voltage and current profile of fuel cell stack con- 
nected to 1 Ф inverter delivering 4.1 kW. 
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