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Abstract: The third part of the paper concludes the design tool of a stand-alone power 
system based on a proton exchange membrane (PEM) fuel cell stack by means of Microsoft 
Excel. The design of the push-pull converter, single-phase inverter and of the output filter 
are described in separate sections of the paper. All the data are derived from the specific 
load conditions for the stationary application. The design tool is used in order to choose an 
adequate topology for the PEM fuel cell power system.  
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1. INTRODUCTION 
 
This paper deals with introducing of the PEM fuel cells by means of a power converters. The configuration 
results by using a push-pull dc-dc converter at the fuel cell side followed by a full-bridge PWM inverter and a 
low-pass filter at the output side [1],[2]. In this paper, a design for push-pull converter and a power inverter is 
presented for conversion of DC power from fuel cells to single phase AC power. During the start-up and for the 
dc loads purpose a half-bridge dc-dc converter delivers the required energy from the battery with the adequate 
parameters, being compatible with the aforementioned configuration [3].  

 
 

2. PUSH-PULL TECHNICAL SPECIFICATIONS AND DESIGN 
 
Figure 1 shows the topology of the fuel cell inverter system which comprises a DC-DC boost circuit, a DC-AC 
inverter circuit and an output filter. The battery banks are connected to DC bus through a half bridge DC-DC 
converter[3]. The DC input from the fuel cell (48 VDC nominal) is first converted to a regulated 400 VDC using 
a high frequency push-pull DC-DC converter. The DC-DC conversion stage consists of a high-frequency 
transformer.  
 
Isolation is provided for safety and system protection. The 400V DC-DC converter output is converted to 220V, 
50Hz, single-phase AC by means of a PWM driven inverter stage. To obtain single phase output, a full-bridge 
inverter is used. An output LC filter stage is employed to produce a low THD AC waveform. Low loss, high 
switching frequency MOSFET and IGBT switches have been employed to achieve a higher efficiency, lower 
size and volume of the fuel cell inverter system [4]-[7].  
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2.1 Push-pull converter design 
 

 
Fig.1 Circuit diagram of the PEM fuel cell power system for stand alone application 

 
In this section design of the push-pull DC-DC converter is 
detailed [8]. The push-pull converter belongs to the 
feedforward converter family[9]. Figure 1 shows the circuit 
diagram of the push-pull DC/DC converter. Fuel cell output is 
connected to the DC/DC converter as shown. With reference 
to Fig. 1, Q1 and Q2  are turned on and off alternately at a 
switching frequency of 15kHz and accordingly the current 
flows through the respective winding of the transformer. 
When Q1switches ON, D1 and D3 conduct. Similarly, when 
Q2 switches ON, D2 and D4 conduct. The components L1, L2 
and C1  form a LC filter network. 

Table 1. Push-pull converter design 
Design specifications 

1 Nominal input voltage   48.00 V 

2 Minimum input voltage   42.00 V 

3 Maximum input voltage   52.00 V 

4 Output voltage   400.00 V 

5 Output current   26.02 A 

6 Frequency   15000.00 Hz 

7 Pout push pull[W]   10407.73 W 

8 Diode voltage drop   1.00 V 

9 Duty ratio max   0.47   

10 
Output power of the FC 
power system   10095.50   

11 Inverter Efficiency   0.97   

12 DC-DC conv Efficiency   0.97   

 
The considered power output P0 of the inverter is 10000W. 
Assuming an efficiency of 95% for the inverter and the DC-
DC converter, the input power, Pin, is calculated according to: 
 
 Table 2.  Push-pull converter switch ratings 

Output data 
Input power (Pin)  11050 W 

Input current, Iin[A]  263 A 
The rating current of the 
switches, IT1=IMosfet,1 [A]  180.3 A 
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A nominal fuel cell input voltage, Vin= 48VDC, is assumed. The output voltage of the dc-dc converter is Vo= 
400VDC. 
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Designing for the low input line condition (Vin,min=42VDC), input current Iin,max from the fuel cell is, 
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At the maximum duty ratio of 0.47, rms current rating IT=IMosfet,1 of the switches are equals, 
 

max1, DII inMosfet = = A3.18047.0263 =     (3) 
 

IRFP260N (200V, 50A) MOSFETs with 4 devices in parallel in each leg are chosen. 
 
2.1.1 High frequency transformer 
 

Table 3. High frequency transformer sizing  
High frequency transformer-center taps 

VN1[V] 42.00 
VN2[V] 200.00 Input data 
IN1=Iin[A] 263 

Center taps are available on both the primary and 
secondary sides as shown in Figure 1. The VA rating of 
the transformer is defined as the sum of the total primary 
and secondary winding VA divided by two, 

Vin1[V] 84.00 
Primary voltage 

Vout[V] 400.00 
Secondary 
voltage 

Kt 4.76=> Kt=5 
IN2[A] 51.09   
S1[VA] 10729.62 S2-check 
S2[VA] 20437.37 21459.24 

15583.50 

Output data 

Stotal[VA] 16000.00 

VA rating of the 
transformer 
  

Table 4. Diode ratings 
DIODE 

Reversal blocking 
voltage[V] 400.00    Voltage 
VD1=VD2[V] 200.00 VD1final>VD1 300 V 

Current ID1rms[A] 37.3    

60EPU04 
(400V, 
60A) 

( )212
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Voltage ratings of the transformer are selected as:  
 
• primary voltage=80V, V , V12 Nprimary V V=  
• secondary voltage=400V, V  V400sec =

 
For obtaining an output voltage of 400VDC for the push-pull converter, a turns ratio of K=5 is selected for the 
transformer. 

K
V
V

prim
=sec      (6) 

2.1.2 Diode ratings 
 
The reverse blocking voltage is equal to the DC link voltage 400V. Since each diode is clamped to the mid-point 
of the DC-link (200V), each diode can be rated for 300V. The rms current through the diode, ID, is given by 

A
K
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The 60EPU04 (400V, 60A) fast recovery 
diodes are selected. 
 
 

 
 
2.1.3 Coupled Inductor design for DC-DC stage 
 
The inductor acts as a current link between two voltage sources (the input and the DC capacitor). The RMS 
output current Io, 
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Table 5. Output inductor design 
Output inductor design (to prevent the transformer 
saturation) 
The output current, Io[A] 25.24 
The RMS ripple of Io [%] 0.15 
The peak-to-peak ripple[A] 8.00 
Voltage drops to the secondary side[V] 10.00 
The secondary voltage,Vsec[V] 410.00 
Time correspond to the max duty cycle [us] 31.33 
The slope of the inductor current [A/us] 0.26 
The required value of the inductor [uH] 1605.83 

Table 6. Inverter specifications 
Single-phase Inverter Design 

At full load the VA output power S[VA] 11877.06 
The modulation index ma 0.90 
The fundamental output frequency f1[Hz] 50.00 

Input Data 

The rms phase loadcurrent IArms[A] 53.99 
  The switching frequency, fsw[Hz] fsw[Hz] 10000.00 
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Assuming the RMS ripple of Io to be 15%, 
 

  (9) Δ
  
the peak-to-peak ripple is 8A: 
 

200 ⋅Δ=Δ II pp   (10) 
 
Taking into consideration the voltage drops to the secondary 
side, VV 10sec =Δ , the secondary voltage becomes: 

 
VVVV 41010400secsec0 =+=Δ+=    (11) 

  
Thus the required value of inductor can be computed as 
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where dI-the peak to peak current ripple 
 
The slope of the inductor current 
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Time correspond to the max duty cycle [μs] 
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3. SINGLE-PHASE INVERTER DESIGN 
 
The inverter system consists of one full-bridge inverters, utilizing dc link capacitors followed by output filters. 

The front-end DC-DC converter maintains 
equal 400V on the dc-link capacitors, and the 
inverter operates to generate a single-phase 
220Vac, 50Hz output in stand-alone mode[9]. 
 
In this section the ratings of the power 
components of the inverter system are 
calculated.  

 

A detailed list of the inverter requirement for the inverter design is [9], 

- Continuous power, displacement factor 0.85 leading or lagging, 10kW overload for 1 min 
- Output voltage : 220V. 
- Output frequency : 50Hz±0.1Hz. 
- Output voltage THD : less than 5% when supplying a stand nonlinear test load. 
- Output voltage regulation quality : output voltage tolerance no wider than ±6%. 
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3.1 DC Link Capacitor Design 
 
Taking into consideration the worst case, i.e. 10KW output load of the FC system for 1 minute at displacement 
factor 85.0cos =ϕ , the output VA becomes: 
 

VAVAout 11877
85.0

10000
==    (15) 

 

Table 7. DC link capacitor design 
The DC link capacitor 

The fundamental harmonic component 
of the load current I1[A] 44.25 
The third harmonic component:  I3[A] 30.98 Input data 
The largest component of the DC link 
capacitor Imax[A] 44.25 
The rms value of the capacitor current ic,rms[A] 44.25 
The voltage ripple limit[%]   0.05 
The voltage ripple value ΔVc[V] 20.00 
The pulsation[rad/s] omega 314.00 

Output 
data 

The DC link capacitor [uF] C1 12811.62 

The full load current of each phase is given 
by, 

Table 8. Sizing of the inverter power 
switch  

Inverter switch ratings 

The rms current isA[A] 19.48 
Input data 

The rms switch 
current rating IT[A} 13.77 

A
V
VAI rmsa 54

220
11877

, ==  (16) 

For the sake of simplicity, the output 
current ia is assumed to consist of only 
fundamental (Ia,1) and third harmonic 
(Ia,3). Further, assuming Ia,3 =0.7Ia,1 
since this is a typical case of a single phase 
rectifier type nonlinear load , 
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Therefore, the fundamental rms value of each phase output current becomes, 
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For a permissible voltage ripple ΔV c1 less than 10% or 10V, capacitance can be obtained by, 
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The peak voltage rating of the dc link capacitor C1 becomes, 
 
 

VVVV cDCpeakc 4201,,1 =Δ+=     (20) 
 
Based on these designed values, an actual device of 500V-13mF was selected from a manufacture. 
 
 
3.2  Inverter switches 
 
The peak voltage rating of each IGBT is 420V which is the 
peak dc link voltage. 
 
Based on these designed values, IGBTs with 600V-48A rating 
were selected from a manufacture: 
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4. LC OUTPUT  INTERFACE DESIGN 
 
To satisfy THD requirement of less than 5% and to limit the ripple voltage across the filter capacitor generated 
from the third harmonic load current  
 
The filter components (inductance and capacitance) are calculated based  on the design procedure in [10]: 
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Table 9. Output Filter Design. Technical specifications and results 
Output filter design 

1) The load of the inverter is assumed nonlinear. 2) The output filter is lossless and the third 
harmonic current is 70% of the fundamental 3) THD requirement=3% 

THD* XL/XC 0.03 
third harmonic, h 3.00 
The voltage ratio:  V3/V1 0.03 

The third harmonic current component I3[A] 30.98 
The fundamental output voltage V1[V] 220.00 

Input data 

The frequencies ratio: n=fs/f1 200.00 
Design relationship XL/XC>=34.33/n^2  
Inductor impedance XL[ohm] 0.07 
Minimum Capacitor impedance XCmin[ohm] 2.37 
Maximum Capacitor impedance XCmax[ohm] 82.75 
The filter inductance L[uH] 226.19 
The maximum value of the filter's 
capacitor Cmax[uF] 1345.22 
The minimum value of the filter's capacitor Cmin[uF] 38.49 
The final value for the filter capacitor C[uF] 39.00 
The filter resonant frequency fr[Hz]= 1695.41 

Output data 

  (fr/f1)max= 34.13 
  Check point fr/f1= 33.91 

Based on these designed values, inductors with 230μH and capacitor with 50μF were selected from a 
manufacture. 
 

5. CONCLUSIONS 

 
This paper has discussed the design methodology for the fuel cell inverter system. The topology for this design 
has been resulted from the specific objectives of the stand-alone fuel cell power system. For this project the 
220Vac, 50Hz single phase stand-alone inverter has been used. The model parameters are derived through the 
design process by using the developed Microsoft Excel tool, described also in the first and second part of the 
paper. The identification and validation of the major fuel cell power system component models are evaluated 
according to the measured data of the components and from the manufacturer’s data sheet. The operational 
performance of the system is not only depending on the component efficiency but also on the system design and 
consumption behavior. All the data have been used in a Matlab/Simulink resulting in a fuel cell power system 
simulator. 
Due to the limited length of paper the author has not introduced the Matlab/Simulink simulator used for analysis 
of the fuel cell power system efficiency. The simulator has been developed in order to make possible the rapid 
system prototyping using the dedicated digital signal processors boards, like dSPACE. 
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