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Abstract—This paper presents a high-efficient, low cost 
inverter system suitable for solid oxide fuel cell applications. 
The proposed inverter provides a solution for the low-
voltage/high-current fuel cell source by using power modules 
that are parallel connected in the input and series connected in 
the output of DC-DC boost modules. The inverter topology is 
analyzed and outlined. A prototype is developed to 
experimentally prove the application of the proposed 
configuration. 
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I. INTRODUCTION 
 

Recently, economy and ecosystem problems, raised from 
the high prices of the imported oil and global warming, put 
the Fuel Cell power generation units in commercial 
applications such as cars and power plants. Fuel Cells 
consume hydrogen as a fuel and produce water as a 
byproduct to offer an environmentally friendly answer to the 
pollution problem.  In addition, the electric energy demands 
are ever increasing, yet with limited transmission lines and 
many obstacles for right-of-way of new lines, distributed 
generation (DG) is becoming a reality.  Demand for energy 
efficiency will drive the future residential homes and small 
businesses to operate through integrated heat/electricity 
(cogeneration) systems. 

The fact is that, the power generated in a Fuel Cell is 
available at low voltage/high current forms and they have a 
high time constant in response to the transient loads; 
therefore, the converters that connect the Fuel Cell to the load 
need to satisfy some special concerns to maximize the output 
power, and enhance the overall performance and efficiency 
of the cell [1]. 

This paper investigates the design and implementation of 
a Fuel Cell inverter system designed at West Virginia 
University to introduce the low cost processing system that 
support the commercialization of a Solid Oxide Fuel Cell 
(SOFC) power generation system used to provide non-utility 
and ultra-clean residential electricity. The total rating for the 
inverter is 10 kW, divided into 5 kW for the solid-oxide fuel 
cell (SOFC), and a 5 kW battery set. The battery set is 
required to meet extended-duration power-demand periods 
exceeding 5 kW, as well as short-duration transient high 
power loads [2]. The proposed fuel cell inverter adopts the 
novel idea of “parallel-input, series-output” in the push-pull 
DC-DC boost stage, to overcome the unwanted effects of the 

low voltage/high current conditions while improving the 
efficiency and reducing the cost. In this configuration, the 
high input current is shared among modules connected in 
parallel and the series output voltages of the modules can be 
increased to the required level. This lowers the ohmic and 
switching losses at heavy loads, and reduces the rating of the 
power components. A digital control board was used to 
implement the algorithms of the module control and power 
management of the overall system. A prototype of the 
proposed method is assembled to show the performance of 
the DC-DC boost converter in the new configuration while 
sharing the load current and regulating the output voltages.  

 
II. SYSTEM DESCRIPTION 

A. Operation and Topology 
 

Figure 1 describes the overall system consisting of three 
DC-DC modules, a DC-AC inverter and the control unit.  The 
booster block (3 DC-DC Modules) convert and combine low 
DC voltages from different sources (a 29V DC from the 
solid- oxide fuel cell (SOFC) and a 48 V DC from the 
battery) to high DC link voltage (400 V DC) suitable for use 
by the inverter. A PWM driven inverter converts the DC 
voltage and provides a 120V/240V, 60Hz, single-phase AC 
source for the load. The digital controller will provide all the 
PWM control signals to the booster and the inverter, and also 
communicates with the fuel cell controller. The SOFC used 
in experiments has the specification of 5kW output power at 
29 V DC output voltage. A 5 kW lead-acid battery set at the 
output of 48VDC is employed as an energy buffer to meet 
extended-duration power-demand periods exceeding 5kW 
and short-duration transient high power loads, thus giving the 
fuel cell system time to respond to the load demand. 

 
Fig.1. Fuel cell inverter block diagram. 
 



B. DC-DC booster module 
 

The DC-DC boost stage is available at different 
topologies of PWM Switching Power Supply. Among all 
topologies, considering the load power factor, voltage level, 
input/output isolation conditions and the cost of 
manufacturing, the push pull configuration was chosen to be 
implemented at the switching frequency of 25 kHz [3].  The 
maximum current of 275A is divided among three modules to 
deliver 5 KW power from the Fuel Cell to the inverter to 
provide a cost effective and flexible design. This special 
configuration shares the total load current provided by Fuel 
Cell and battery and lowers the switching and Ohmic loss of 
the system. The outputs of modules are connected in series to 
achieve the high voltage level required in the output. In 
addition, by reducing the rated power of each module the cost 
of mass production considering the smaller size, symmetry, 
and low-power components, decreases considerably. The 
modular design also allows the application of Fuel Cell units 
with higher output current and power rating. The output 
voltage of each booster module is regulated independently, 
which allows precision in regulations. As mentioned earlier, 
the push-pull configuration provides the required isolated 
input/output circuit. Figure 2 shows the schematic of a single 
unit push-pull converter.  

The advantages of the controller in the DC-DC modules 
are: high degree of programmability, high flexibility, reduced 
sensitivity to environmental noise, implementation of 
complex and advanced control algorithm and additional 
processing options. Some digital controllers for power supply 
design have been presented in the references [4]-[6]. To 
regulate the output DC of the module, a closed loop PI 
controller was applied. The digital control board also offers 
special functions such as soft start, dead band adjustment, 
including the over current, over voltage, low voltage and 
short circuit protections.  

 
 

 
Figure 2. Single Unit schematic 

 
C. Current Sharing and Optimal Number of Modules 

 
The key of the parallel input design was to share the load 

current among modules equally, to minimize the losses in 
high current demands. In case the current is not equally 
distributed among modules, some of them will carry more 

current while others might remain idle. This increases the 
thermal stress, losses and lowers the reliability of the overall 
system. To achieve the equal current sharing, several 
approaches have been studied in [7]. In the Fuel Cell 
applications, since the output voltage of the stack is relatively 
low, higher boost ratios are required. The proposed DC-DC 
topology provides a straightforward scheme to achieve the 
balanced current sharing while regulating the output voltage 
to a desire level. As shown in Figure 3, the three modules 
share the same output current because they are connected in 
series. Since the output voltages of the three boards are 
regulated independently to the same level (in this case 
133VDC), the output power of each board is approximately 
the same. Therefore, by regulating the output voltage, the 
input current can be shared in each board; hence the parallel-
input, series-output configuration operates stably for high-
current/low-voltage fuel cell application. 
 

The optimal number of modules is a balance between 
advantages of this configuration (cost/efficiency) and 
reliability. The higher the number of modules, the higher the 
efficiency and lower the cost, however, having the outputs of 
many modules in series would lower the reliability since 
failure of one result in the failure of the system.  Three 
modules are used in the proposed design, and each module 
will carry a third of 5kW at full load.  

 
D. Inverter 

 
The inverter receives the high DC voltage from the 

booster and converts it to AC of a desired frequency. The 
schematic of the DC-AC inverter circuit is shown in Figure 4. 
To obtain an independent single phase AC source, two half-
bridge inverters are used, each supplying a separate single-
phase load at 120VAC, 60Hz. The modulating frequency is 
20 kHz.  A TMS320F2812 DSP is used to control the 
inverter to achieve high efficiency operation while generating 
sine waves with THD less than 5%. 
 

 
Fig. 3.  Current sharing in DC-DC modules 

 
 



 
Fig. 4. DC-AC Converter. 
 
 

III. EXPERIMENTAL RESULTS  
 

In this section, a 10 KW prototype of the proposed 
topology system is manufactured and is used to verify the 
achievement of the desired design specifications as 
followings:  
 

• 88 liters in volume (17”x19.25”x16”) 
• 45 lbs total weight  
• Each boost converter measured to be 90% efficient  
• 50 dB audible noise level  
• Overall low cost design 
 
As the design required, each of the DC-DC modules 

should be able to boost and regulate the Fuel Cell output 
independently in the open or closed-loop controls. The test of 
the battery and Fuel Cell side of the modules were 
accomplished and their switching dynamics are shown in 
Figures 5(a), (b), (c), (d). From Figure 5 (a) to (d), the duty 
cycle increases from 10% to 40%, and the output voltage 
reaches the desired level, 133V. The input current from the 
power supply was 3, 6, 12 and 22A respectively. 

A passive snubber circuit was designed to protect the 
switching device. Figure 6 shows that the snubber capacitor 
was discharged completely within 10% of the maximum turn 
on time. Figure 6 (a) shows the 10% duty cycle profile, and 
Figure 6 (b) shows the 40% duty cycle.  

 
(a)                                                                                                       (b) 

 
(c)                                                                                                    (d) 

 
Fig .5. Switching procedure with different duty cycles. (a) 10% duty, input current 3 A (b) 20% duty cycle, input current 6 A (c) 30% duty 

cycle, input current 12 A (d) 39% duty cycle, input current 22A. 
 



 
(a) 10% duty cycle                                                                              (b) 40% duty cycle 

 
Fig.6. Experiments on snubber circuit with different duty cycle. 

 
 
The start up dynamics of the close loop operation is 

shown in Figure 7. The digital controller used at DC-DC 
booster stage, provides a PI closed- loop control to regulate 
the output voltage of each board.  Increasing the proportional 
gain reduces the rise time and results in higher over shoots.  
Lower steady state errors occurred at higher integral gains. 
The controller was tuned by trial and error to achieve a low 
rise time and overshoot as shown in Figure 7. 

Figure 8 shows the Fuel Cell and battery PWM signals in 
a quick startup. The fuel cell PWM signal uses a different 
algorithm than that of the battery. When the power is turned 
on, it takes more than 1 minute for the Fuel Cell to respond to 
the load change. In the transient period, the battery provides 
the required power until the Fuel Cell reaches to the load 
demand.  

 

 
Fig.7. Closed- loop operation at start-up 

 
To verify load current sharing, the module currents were 

monitored during the start up and steady state operation. 
Figure 9 shows the experimental result of the current sharing 
among modules. Figure 9 (a) shows the current sharing where 
in Voutput #1 and Iinput_#1 denote the output voltage and 
currents of board 1 while Voutput_#2 and Iinput_#2 are the 
same parameters in board 2. Figure 9(b) shows the steady 
state operation. As shown in this figure, by regulating the 

output voltages of the boards at certain level, the load current 
is shared in their inputs equally.  

 

 
   Fig .8 . Fuel cell and battery PWM signal in start procedure 

 
 
As mentioned earlier the output voltage of the inverter 

consisted of two AC voltages in which a combination of both 
generated the required output voltage to the load. Figure 10 
shows the output voltages of the half-bridge inverters and 
their combinations.  

 
 

 
(a) Current sharing at start up 



 
(b)Current sharing at steady state 

Fig .9   Load current sharing 
 

 
Fig .10. Inverter output at 0.5 kW 

 
VI. CONCLUSION 

 
A high-efficiency, low-cost inverter system for Fuel Cell 

applications has been designed and implemented. This paper 
outlined the topology and the novel approach adopted in DC-
DC boost stage. The proposed inverter system provided a 
solution for relatively high current/low voltage Fuel Cell 
power source applications.  Experimental results were 
presented, to verify the theoretical analysis and demonstrated 
the feasibility of the approach. 
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