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Abstract: Power converter units are crucial components in proton exchange 

membrane fuel cell (PEMFC) energy generation systems. For this reason, 

and also motivated by the demands in high quality power conditioning for 

PEMFC systems, we propose the application of an interleaved high gain 

boost converter topology with a diode clamped multilevel inverter as 

power interface. The main advantages of the proposed scheme encompass: 

high voltage conversion ratio, input current ripple mitigation, and 

voltage balancing across output capacitors. These characteristics make 

this converter ideal for grid-connection purposes, acting as an interface 

for renewable energy sources that provide low voltages and demand low 

current ripples. The underlying theoretical analysis as well as 

simulation and experimental validation are presented in this paper. 
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Reviewer 1: 

 

The application presented in this paper is interesting, the information is well organized and it is 

clear, however I have some observations. 

 

1.- In spite of the paper title is "A novel PEMFC power conditioning system based on the 

Interleaved High Gain Boost Converter", the document does not describe the fuel cell used, then 

is not evident that the results are the expected. 

 

 

We thank the Reviewer for the encouraging words in the opening paragraph. We also appreciate the 

efforts devoted to detect issues that can improve our manuscript. 

 

Prompted by your remarks we have added the technical information of the full cell used for the 

experiment. Please see Sec. IV, Table II. 

 

2.- Figures from 9 to 12 are incomplete and no sharpness, they must be improved. 

 

We thank the Reviewer for pointing out this issue. Please note that prompted by your advice, we have 

improved the quality of Figures 9 to 12. 

 

3.- The English needs further revision. 

 

We thank the Reviewer for this remark. Please notice that we have acted upon your advice by 

performing a careful proof-reading in the manuscript in order to correct errors and improve its 

readability. 

 

The originality, scientific quality and relevance of the work are adequate. 

 

We thank the Reviewer for this encouraging comment. We also hope that the performed modifications 

can address satisfactorily any remaining concern. 

 

  

Reviewer 3: 

 

A novel PEMFC power conditioning system based on the Interleaved High Gain Boost Converter 

 

This paper presents an interesting proposal of a power converter suited for low-voltage generation 

power source such as PEMFC and PV panel. The proposed topology possesses three main 

features: (i) high conversion ratio, (ii) input current ripple mitigation, and (iii) voltage balancing 

on output capacitors. Simulation and experimental results are provided to validate the theoretical 

analysis. 

 

The actual contribution on renewable energy source as power processor is given by the proposed 

topology shown in Fig. 8. However, some recommendations must be taken into account in order to 

improve the quality of the paper. 

 



We thank the Reviewer for the time and efforts devoted to the review of our manuscript. We also 

appreciate the provided recommendations and remarks. We have acted upon them in order to prepare 

an improved version of the manuscript.  

 

* Abstract: sentence "interface for renewable this kind of energy generation systems." is not quite 

clear. 

 

We thank the Reviewer for pointing out this issue. Please notice that prompted by your advice we 

have change the sentence to  

 

“For this reason, and also motivated by the demands in high quality power conditioning for PEMFC 

systems, we propose the application of an interleaved high gain boost converter topology with a diode 

clamped multilevel inverter as power interface.”; 

 

in the Abstract. We believe that this new clarification can help the reader to interpret the purposes of 

the manuscript in a much better way. 

 

* Abstract: The sentence "These characteristics make the converter ideal as a power interface 

between a renewable energy source, which usually provide low voltage and require low current 

ripple." Seems incomplete. 

 

We thank the Reviewer for this remark. According to your observation we reformulated the sentence 

into  

 

“These characteristics make this converter ideal for grid-connection purposes, acting as an interface 

for renewable energy sources that provide low voltages and demand low current ripples.”; 

 

Please see the new Abstract. 

 

* Introduction: "those" refers to the grid-connected systems. It should be "in all these cases", for 

in-stance. 

 

* Introduction: (i) the power converter boosts (ii) the power converter transforms. 

 

* Along the entire paper: normalize the used of dc - ac, avoiding DC - AC . Also, dc-dc and dc to 

dc. 

 

* Introduction A: "Usually, the traditional boost converter is used for step". 

 

* Introduction B: "It would be highly desirable a converter that feed". 

 

* Section III: "this avoid the use of large duty cycles.". 

 

* Section IV: "One of the main advantages of the interleaving multilevel converter is their 

capacity". 

 

* Section IV: "a disadvantage, it need a" and some others in the same paragraph. 



 

* Section V: "In Fig. 12 the output voltage of the diode-clamped multilevel inverter is shown The 

ac output voltage waveform demonstrate" review grammar. 

 

 

 

We thank the Reviewer for pointing out these issues. We have corrected them according to your 

suggestions. 

 

* Introduction A: There are so many statements that should be supported by references. 

 

We thank the Reviewer for this remark. Please notice that we have supported our arguments with 

further references as in the case of  

 

[4] Reddy J, Natarajan S. Energy sources and multi-input DC-DC converters used in hybrid electric 

vehicle applications e A review. Int J Hydrogen Energy 2018;43:17387-17408. 

[5] Rosas-Caro JC, Sanchez VM, Valdez-Resendiz JE, Mayo-Maldonado JC, Beltran-Carbajal F, 

Valderrabano-Gonzalez A. Quadratic buck-boost converter with positive output voltage and 

continuous input current for PEMFC systems. Int J Hydrogen Energy 2017;42:30400-6. 

[6] Rosas-Caro JC, Sanchez VM, Vazquez-Bautista RF, Morales-Mendoza LJ, Mayo-Maldonado JC, 

Garcia-Vite PM, Barbosa R. A novel dc-dc multilevel sepic converter for pemfc systems. Int J 

Hydrogen Energy 2016;41:23401-8. 

[7] Belhimer S, Haddadi M, Mellit A. A novel hybrid boost converter with extended duty cycles range for 

tracking the maximum power point in photovoltaic system applications. Int J Hydrogen Energy 

2018;43:6887-6898. 

[8] Oncu S, Karafil A. Pulse density modulation controlled converter for PV systems. Int J Hydrogen 

Energy 2017;42:17823-17830. 

 

Please see the new Introduction. 

 

* (1) and (2): These equations should be derived with more detail, mainly due to the factor p1 

Dqv4 which is directly employed. 

 

We thank the Reviewer for this remark. Please notice that here we are invoking only the standard 

averaging technique for power converters. In order to avoid a deviation of the main objectives in the 

paper and prompted by your advice, we included the following explanation: 

 

“The average voltages across the input inductors can be described by performing the traditional 

averaging technique, which involves characterizing by D and (1-D), the quantities involved in the 

such voltage dynamics during the closed and open position of the main switch S1 (please see [20] for 

further details).” 

 

Please see the first paragraph of Sec. III-A. 

 

 

 



* Section III.B: Figure 6, not 5, should be referred to (8). 

 

We thank the Reviewer for this remark. We have performed the correction. Please see this correction. 

 

* Section III.C: Should be referred from an appropriated bibliography source. 

 

We thank the Reviewer for this suggestion. Prompted by your advice we have include reference [21] 

in Sec. III-C, paragraph 1., to support the provided arguments and refer the reader to further details. 

 

* Section VI: Authors claim "low count of components" however, the proposed topology, presented 

in Figure 8, possesses a great number of diodes and transistors. How may the authors justify their 

statement? 

 

We thank the Reviewer for this valuable remark. Prompted by your question, we have modified the 

statement into a more accurate one: 

 

“(iv) low stress components and thus reduced in weight and size”; 

 

Please notice that we are exploiting the multilevel features of the converter by using low stress 

components with have a reduced weight and size. Consequently, although the number of components 

increase with respect to traditional low-gain converters, their cost does not increase since they e.g. 

are not required to block the whole output voltage, but a fraction of it. 

 

* The value of the damping factor employed in the experimentation should be explicitly provided, 

based on the component values. 

 

We thank the Reviewer for this comment, which is possible motivated by the missing reference to 

resonant switched capacitor converters in the previous manuscript. 

 

Please notice that the damping ration can be used to study the behavior of the current between 

capacitors in the presence of parasitic resistances. However, its exact value that depends on the 

parasitic resistances such as ON resistance of switches, ESR of capacitors and the track resistance of 

the PCB, is not crucial for the design, since we can determine experimentally if the current between 

capacitors has an acceptable value with respect to the maximum peak and rms limits of the devices. 

We hope that the introduction of reference [21] that follows from your suggestion can help the reader 

to clarify the role of the damping factor. 

 

We hope that the performed modifications address satisfactorily the Reviewer’s concerns. 

 

 



- A new dc-dc topology of a power electronics converter is proposed; it is integrated with a 

diode-clamped multilevel inverter in order to supply ac output voltage.   

 

- The converter is ideal for power conditioning of a proton exchange membrane fuel cell 

stack due its high-voltage gain, positive output voltage and continuous input-current 

capability. 

 

- A design methodology and steady state analysis is provided for the proposed converter. 

 

- Experimental results validate the theoretical analysis stated as the operating principle of 

the new dc-dc converter proposed. 
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Abstract 

 

Power converter units are crucial components in proton exchange membrane fuel cell (PEMFC) energy generation 

systems. For this reason, and also motivated by the demands in high quality power conditioning for PEMFC systems, 

we propose the application of an interleaved high gain boost converter topology with a diode clamped multilevel 

inverter as power interface. The main advantages of the proposed scheme encompass: high voltage conversion ratio, 

input current ripple mitigation, and voltage balancing across output capacitors. These characteristics make this 

converter ideal for grid-connection purposes, acting as an interface for renewable energy sources that provide low 

voltages and demand low current ripples. The underlying theoretical analysis as well as simulation and experimental 

validation are presented in this paper. 
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I. Introduction  

 

Fuel cell stacks and other renewable energy sources such as photovoltaic panels are a promising alternative for as 

renewable and distributed energy generation systems. For instance, high efficiency, environmental-friendly profile 

and modularity, among other benefits make these sources ideal for many applications, see e.g. [1-4]. 

 

Energy generation systems based on photovoltaic panels and fuel cell stacks are commonly used to transfer energy to 

the grid or to feed AC loads. In these cases, a power electronics based interface that adapts the voltage/frequency 

nominal requirements is required. This process is usually done in two steps as illustrated in Fig. 1: (i) a DC-DC 

converter steps up the source voltage and provides a regulated constant DC-link voltage; (ii) a DC-AC converter 

transforms the DC-link voltage into an AC output voltage with a regulated voltage/frequency profile, see e.g. [1-4]. 

We now elaborate on the details of these two steps to introduce the advantages of our proposed scheme. 

 

A. DC-DC conversion 

Under the scenario described above, the DC-DC converter has two main challenges: (i) providing a high voltage 

gain; and (ii) minimizing its input current ripple (see [5-8]). The high voltage-gain requirement is due to the 

requirements of the DC-AC (inverter), which must achieve the nominal requirements of the grid and AC loads that 

are usually far from the voltage levels expected from distributed renewable energy systems. For instance, fuel cell 

stacks or photovoltaic systems typically generate voltages around 48V, while the DC bus voltage required to fed a 

single or three phase inverter must be within a range of 200V to 400V. The second challenge for fuel cell power 

conditioning is the low input current ripple requirement. These is because fast load changes or large current ripples 

cannot be properly followed by the fuel cell because of its slow response, causing a disparity between the required 

and the optimal fuel flow. In that condition, a fraction of the fuel crosses the cell stack without producing energy, 

which decreases the efficiency of the fuel cell stack as well as its life-time(cf.  [5-9]). 

 

Unfortunately, these two challenges cannot be met by traditional topologies such as the well-known boost converter, 

since high voltage gains cannot be achieved without relinquishing at the efficiency of the conversion system, due to 

the use of extreme duty cycles (see [5-8]). Moreover, the current ripple cannot be minimized without increasing the 

operating frequency, which increases the switching losses; reducing the output current capability, which has an 

impact in the applicability; or increasing the value of inductances, which negatively influences the dynamic response, 

size and cost of the implementation (see [5-9]). 

 

B. DC-AC Conversion 

 

After boosting the voltage, a DC-AC converter is required. One of the most promising topologies for this kind of 

converters are the multilevel inverters [10], which are a relatively new technology that is widely used for energy 

generation systems based on renewables. These converters partition a high output voltage level into several lower 



ones that can be managed by low-stress power devices [10]. Other compelling features involve: (i) low-switching 

frequencies, (ii) high-efficiency, (iii) low EMI noise, and (iv) low harmonic distortion. There are several multilevel 

inverter topologies, for instance: flying-capacitor, cascaded and diode-clamped; and the latter has particular 

advantages when used for renewable energy generation systems such as photovoltaic panels and fuel cells. For 

instance: (i) it has a common DC bus for the phases which minimizes the capacitors size, (ii) capacitors can be pre-

charged in group, (iii) when used around the fundamental switching frequency, it exhibits a very high efficiency 

(please see [10-11]). 

 

Despite of such compelling features, one of the disadvantages of the diode clamped topology is the potential voltage 

imbalance across its input capacitors; since the converter requires a circuit to balance the DC-link, otherwise such 

lack of balancing causes harmonic distortion on output voltage and unnecessary higher voltage stress across some 

switching devices [11-12]. Several control circuits have been proposed in literature to achieve such balance; 

however, these usually involve the addition of components which increases the cost, volume and weight of the 

overall implementation [13-14].  

 

II. Proposed converter topology 

 

As previously argued, current highly desirable characteristics of power conditioning circuits for photovoltaic panels 

and fuel cell stacks involve: (i) providing an output voltage that features self-voltage balancing for inverter 

topologies such as diode-clamped multilevel inverters; (ii) low input-current ripple, and (iii) high voltage gains. In 

this paper we endeavor to produce a power condition system that can meet these demands without resorting to 

elements or techniques that are detrimental for the efficiency, size or cost of the implementation. Theoretical analysis 

and experimental results are presented to validate the proposed features. 

 

The proposed topology is depicted in Fig. 2, which corresponds to a multilevel interleaved topology that involves: 

two transistors, six diodes, two inductors and four capacitors. This is a hybrid converter that exhibits the advantages 

of two types of converters: interleaved and multiplier diode-capacitor-based topologies. This arrangement provides 

two important features for PV panels and fuel cell systems: (i) input current ripple reduction, due to the interleaved 

inductors, (ii) high output voltage gains, due to the diode-capacitor voltage multiplier. 

 

In order to describe the operation of the converter, we will make the standard assumptions of small ripple 

approximation and the continuous conduction mode. Fig. 3 shows the equivalent circuits of the converter; these four 

circuits result from the switching operation. 

 

When the switch S1 is ON and S2 is OFF (Fig. 3(a)), the current through inductor L2 produces diodes d2 and d6 to be 

closed, then capacitors C1 and C4 are charged via IL2. The current in L2 is decreasing with a slope -(Vi -VC4)/L2. 

Diode d3 is reverse biased, blocking the voltage across C4. At the same time the current through the inductor L1 rises 

with a slope equal to Vi/L1. Diodes d5 and d1 are reverse biased due to the voltage across capacitors C2 and C3 



respectively. In this stage, diodes d4 and d6 connect capacitors C2 and C3 in parallel, i.e. they are connected to the 

same potential, which results in a switched capacitors behavior [15-19], as a convenient way to transfer energy 

among switching stages. 

 

When both S1 and S2 switches are turn OFF (Fig. 3(b)), currents through inductors L1 and L2 produce diodes d1, d3, 

d4 and d6 to be closed, then capacitors C3 and C4 are getting charged. At the same time diodes d2 and d5 are reverse 

biased, blocking the voltage across capacitors C3 and C2 respectively. As in the previous stage, a switched capacitor 

behavior occurs when capacitors C1 and C2 are connected in parallel with capacitor C3, through diodes d1, d3, d4 and 

d6. 

 

When the switch S1 is OFF and S2 is ON (Fig. 3(c)), capacitors C2 and C4 are charged by the current through the 

inductor L1, then the current slope of L1 is equal to -(Vi -VC4)/L1. The inductor L2 is connected to the input source by 

S2 and its current rises with a slope equal to Vi/L2. In this stage, capacitors C1 and C3 are in a virtual parallel 

connection, via diodes d1 and d3, since they are connected to the same potential. At the same time diode d6 is reverse 

biased blocking the voltage across capacitor C4. 

 

In Fig 3(d) the equivalent circuit when both switches are turned ON is shown. Inductors L1 and L2 are connected to 

Vi. At this time capacitor C4 is connected to capacitors C1 and C2, in a virtual parallel connection, hence C4 transfers 

energy to both capacitors through diodes d2 and d5 respectively. In this stage diodes d1 and d4 are reverse biased, 

blocking the voltage across capacitor C3, similarly, diodes d3 and d6 are reverse biased, blocking the voltage across 

capacitor C4.  As it can be noticed from the equivalent circuits, the output voltage is given by the sum of the 

capacitor voltages VC3 and VC4.  

 

In Fig. 4, the current waveforms through inductors L1 and L2 are shown with respect to the switching sequence of S1 

and S2, as well as the input current and the output voltage traces.  For input current ripple reduction, both transistors 

must switch at the same frequency the duty cycle, though the latter has triangular carriers that exhbit 180° phase 

shift. 

 

When L1 is charged, the current IL1 rises with a slope equal to Vi/L1 and discharges at a rate of (Vi-VC4)/L1. Similarly, 

the current through L2 rises with a slope of Vi/L2 and discharges at a rate of (Vi-VC4)/L2. Currents depicted in Fig. 4 

are shown for a converter with a duty cycle D=0.75. 

 

III. Analysis and selection of components 

 

One of the advantages of the proposed interleaved converter topology is its high voltage gain compared with the 

traditional interleaved boost converter which can be accomplished using moderate duty cycles. As illustrated in Fig. 

2, the output voltage is given by the sum of capacitor voltages VC3 and VC4, which increases the nominal voltage 

without the use of large duty cycles. We now elaborate on the computation of such gain. 



 

 

A. Voltage gain 

 

The converter is analyzed during steady state conditions and assuming the small ripple approximation. Then we now 

switch to capital letters to indicate steady state values. Considering the duty cycle D as the time when each switch S1 

or S2 is closed with respect to the total switching period TS. The average voltages across the input inductors can be 

described by performing the traditional averaging technique, which involves characterizing by D and (1-D), the 

quantities involved in the such voltage dynamics during the closed and open position of the main switch S1 (please 

see [20] for further details). 
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By considering steady state, in which the average voltage across inductors is zero; by straightforward algebraic 

manipulations of (1) or (2), we conclude that the voltage across capacitor C4 can be expressed as 

 4
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.             (3) 

As previously mentioned, capacitors C1 and C2 are charged by C4 achieving vC1= vC2=vC4 (Fig. 3(d)). Later, the 

capacitor C3 is charged by capacitors C1 and C2. Then the voltage in capacitor C3 can be expressed as: 
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.                             (4) 

The load is connected to the voltage VC3+VC4, hence the voltage gain of the converter can be written as  
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Fig. 5 shows the voltage gain as a function of the duty cycle. According with (5), the gain of the proposed converter 

is twice the gain of the traditional boost converter (cf. [20]). 

 

B. Inductor sizing and input current ripple analysis 

 

By analyzing current waveforms in Fig. 4, we can conclude that the current ripple of each inductor is given by 

1 2

1 1

i i
L L S

S

V V D
i i DT

L L f

  
       

  

.      (6) 

Hence the input current ripple, denoted by ∆i, can be calculated at any switching state. For ease of exposition, we 

chose the state when switch S1 is ON while switch S2 is OFF, see Fig. 4. During this period of time, the current in L1 



is rising with a slope of Vi/L1, while the current in L2 is decreasing with a slope of (Vi-VC4)/L2. This switching stage 

holds during a time of (1-D)TS, and then, the current ripple can be calculated as 

 4
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.        (7) 

Considering the same value L for the inductances in the converter and the definition for the voltage VC4 in (3), the 

input current ripple becomes 
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From (8) it is clear that when D=0.5, the input ripple current is zero. Equation (8) can be also used for analyzing the 

input current ripple through the full operation range. 

 

Expression (8) shows a linear dependence of the input current ripple on the value of the duty cycle. This fact can be 

also noticed in Fig 6. It is important to note that this current ripple is given in amperes (not in percentage). 

 

The DC component of the input current can be expressed as: 

 1 2

2

1
i L L oi I I i

D
  


.            (9) 

 

Finally, for a given inductor current ripple specification Δ*iL, the inductors value can be computed as follows: 

  
1 2

*
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.      (10) 

 

C. Switched capacitor behavior 

 

As explained before, the operation of the converter involves equivalent switched capacitor structures; as the structure 

formed when capacitors C1 and C2 are connected in parallel with capacitor C4 through diodes d2 and d5 and the 

switches S1 and S2 respectively (see Fig. 3 (d)), similarly diodes d1 and d4 with capacitor C3(see Fig. 3 (b)). In this 

situation semiconductors d1, d2, d4, d5, S1 and S2 must drain a peak current that may be considerable high if non-

resonant switching action is used. In this section we briefly discuss how to address these issues; the reader can be 

referred to [21] for further details. 

 



If resonant switched capacitors are used, the peak current is reduced, this can be accomplished by adding a small 

resonant inductor in series with capacitors C1 and C2. When this technique is utilized, the current among capacitors 

looks like in Fig. 7. This already considers a parasitic resistance in components that can be modeled as a series 

resistance with the capacitance and inductance, see Fig. 7. This circuit is analogous to the equivalent current loop 

that is achieved when capacitors are connected in parallel. Resistor R represents the parasitic resistance of the loop 

(Rdson, ESR) while inductance L represents the resonant inductance (it can also consider parasitic inductance of the 

circuit traces). The parasitic resistance causes a damping factor ξ to appear, leading to a small deviation from the 

sinusoidal current shape, caused by the resonance of the parasitic inductance and the capacitors. The diode prevents 

the current to become negative. 

 

IV. Diode-clamped multilevel inverter application 

 

One of the main advantages of the interleaving multilevel converter is its capacity to provide a voltage in a series of 

capacitors with self-balancing, that means that the voltage across output capacitors will remain constant regardless 

on the load, which is crucial to avoid the waveform degradation at the output of the proposed implementation of a 

diode clamped multilevel inverter. 

 

Fig. 8 shows the full proposed application, it includes the interleaving multilevel boost converter and the diode 

clamped multilevel inverter, which are fed by a single DC source as a PEM fuel cell stack. The use of the proposed 

topology enables a small output current ripple through the PEMFC stack, and at the same time, provides a 

capacitors-balanced input for the diode-clamped multilevel inverter. 

 

IV. Experimental Results 

 

In order to demonstrate the two main advantages of the proposed converter in this work, a prototype of the circuit in 

Fig. 8 was constructed with the parameters shown in Table I. The experiment was performed by using a full cell 

whose characteristics are depicted in Table II. 

 

Fig. 9 shows the waveforms of the inductor currents along with the input current of the converter, operating at D = 

50%. As it can be noticed, the input current waveform (Ii) is almost ripple-free. 

 

Current waveforms in semiconductors S1 and d2 are shown in Fig. 10. A current peak is present in the current 

conducted by S1 and d2 due to the energy transference between capacitors when they are in parallel. 

 

Fig. 11 shows the voltages across capacitors C8 and C9. The voltage value in each capacitor is around 50V for a duty 

cycle D=0.5. 

 



In Fig. 12, the output voltage of the diode-clamped multilevel inverter is shown. The AC output voltage waveform 

demonstrates that the voltage across each output level is practically the same. Moreover, we can notice that the 

output voltage waveform is symmetrical; this is possible because of the voltage balance in the output capacitor of the 

proposed converter topology. 

 

 

 

 

V. Discussion 

 

Note that the experimental results depicted in Fig. 9, Fig. 10, Fig. 11 and Fig. 12, are in agreement with the 

expectations and theoretical analysis. The proposed topology presents several advantages compared with state of the 

art of this kind of converters. The advantages of the proposed topology can be summarized as follows: (i) output 

capacitors with self-voltage balancing without auxiliary circuits, (ii) low input-current ripple without large 

inductances, and (iii) high voltage gain without transformer or extreme duty cycles. These advantages are adequate 

for this power converter in PEMFC applications since they significantly contribute to achieve an efficient power 

conditioning process for full cells. Moreover, the proposed set-up can find several other applications as a power 

conditioner in renewable energy systems, uninterruptible power supplies and an extensive range of applications that 

require high voltage gains.  

 

VI. Conclusions 

 

This paper proposes the application of a DC–DC interleaved PWM converter topology with advantages such as: (i) 

voltage balancing in output capacitors, (ii) low input current ripple by interleaved inductors, (iii) high voltage gain 

without extreme duty cycle, (iv) low stress components and thus reduced in weight and size. Those features are 

highly desirable for DC link interface in renewable energy generation systems based on diode clamped multilevel 

inverter, where low input current ripple, high voltage gain and output voltage balance are required. Theoretical 

analysis along with experimental validation are presented in this work. 
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TABLE 1. PROTOTYPE PARAMETERS 
Parameter Value 

Input voltage 25 V 

Duty cycle 50 % 

Switching frequency 50 kHz 

DC bus voltage 200 V 

Inverter output voltage 180 V @60 Hz 

L1,L2 160 µH 

C1-C7 10 µF 

Load 100 Ω 
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TABLE 2. FUEL CELL STACK PARAMETERS 
Parameter Value 

Model Horizon H-200 

Type  PEM 

Cells 40 

Rated power 200W 

Rated voltage 25 V 

Reactants Hydrogen & air 

Efficiency 40% @rated power  

Cooling Air 
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Figure Captions 

 

Fig. 1.  Power electronics converter for a Fuel Cell Stack. 

 

Fig. 2.  Electronics circuit diagram of the proposed topology. 

 

Fig. 3. (a), (b), (c), (d).  Equivalent electronics circuits of the proposed converter. 

 

Fig. 4.  Current waveforms through the input inductors, and switching-signals in controlled 

switches. 

 

Fig. 5. Voltage gain vs. duty cycle. 

 

Fig. 6. Input current ripple vs. duty cycle. 

 

Fig. 7.  Equivalent charge transference between capacitors. 

 

Fig. 8.  Interleaved high gain boost converter interfacing a diode-clamped multilevel inverter. 

 

Fig. 9.  Experimental waveforms of IL1, IL2 and Ii. 

 

Fig. 10.  Current waveforms through the switch S1 and diode d2. 

 

Fig. 11.  Experimental waveforms of VC8 and VC9. 

 

Fig. 12.  Output voltage waveform in the diode-clamped multilevel inverter. 
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