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Abstract 

A high-efficiency single-input multiple-output (SIMO) dc-dc converter is what this study aims to create. 

The suggested converter can increase a low-voltage input power source's voltage to a regulated high-

voltage dc bus and middle-voltage output terminals. Middle-voltage output terminals can also be used to 

charge auxiliary power sources or to power specific middle-voltage dc loads. One power switch with the 

characteristics of voltage clamping and soft switching is used in this study's coupled-inductor based dc-

dc converter scheme, and the relevant device specifications are suitably created. The goals of high step 

up ratio, multiple output voltages with diverse levels, and high efficiency power conversion can thus be 

accomplished. The waves will be lessened with a fuzzy controller. 
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1. Introduction 

n the past ten years, the development of pollution-free, clean energy has played a significant 

representative role. Clean energies, including fuel cell (FC), solar, and wind energy, etc., have been 

aggressively marketed in response to the problem of global warming. An innovative SIMO converter 

with a linked inductor is presented in this study. The suggested converter uses a single power switch to 

accomplish the goals of high step-up ratio, diverse output voltage levels, and efficient power conversion. 

The proposed SIMO converter uses a low-voltage-rated power switch with a tiny RDS and soft 

switching and voltage clamping techniques to lower switching and conduction losses (on). Because the 

coupled inductor's linked inductor can limit the slew rate of the current change. 

 

2. Related Work 

Over the past ten years, clean energy development has played a significant representative role [1]–[3]. 

Clean energies, such as fuel cell (FC), solar, and wind energy, etc., have been swiftly promoted by 

addressing the issue of global warming. Due to the electric properties of clean energy, the output voltage 

is easily influenced by load changes, and the generated power is severely impacted by the climate or has 

slow transient reactions [4]–[6]. To ensure the effective operation of renewable energy, additional 

auxiliary components, such as storage elements, control boards, etc., are frequently needed. One of the 

best and most efficient solutions to the issue of environmental pollution, for instance, is an FC-

generation system [7]. For an FC generation system to operate normally, other auxiliary parts, such as 

the balance of plant (BOP), which includes an electronic control board, an air compressor, and a cooling 

fan, are necessary. A SIMO dc-dc converter that can simultaneously provide buck, boost, and inverted 

outputs was presented in [8], [9], and [10]. For one output, however, more than three switches were 

needed. This system is only appropriate for low output voltage and power applications, and because hard 

switching is used, its power conversion degrades. For both low- and high-power applications, Nami et 

al. [11] suggested a new dc-dc multi-output boost converter that can divide its entire output amongst 

various series of output voltages. Sadly, there are more than two switches for one. 

 

3. SIMO DC to DC Converter 

This paper describes a fuzzy SIMO dc-dc converter that can simultaneously provide buck, boost, and 

inverted outputs. For one output, however, more than three to four switches were needed. This plan is 
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appropriate for low output voltage and low power applications, however the hard/soft switching 

mechanism degrades the power conversion. 

A new DC-DC multi-output boost converter that can divide its total output amongst a number of 

output voltage series for both low- and high-power applications has been proposed. Unfortunately, more 

than two switches were needed for a single output, and the control system was intricate. Additionally, 

the associated output power is insufficient to support individual loads on its own. Investigated a shared 

zero-current switching (ZCS) lagging leg multiple-output dc–dc converter. Although this converter's 

soft-switching feature can reduce switching losses, the combination of three full-bridge converters 

makes it more difficult to accomplish high-efficiency power conversion and invariably raises the cost of 

the converter. 

 
Figure1. SIMO DC TO DC converter 

 
Figure2. Characteristics of SIMO converter 

4. Operating Modes 

A. MODE 1 (t0-t1) 

In this state, the diode D4 was turned OFF and the main switch S1 was briefly turned ON. The linked 

inductor Tr's windings have a positive polarity, which causes the diode D3 to turn ON. Reversing its 

direction, the secondary current iLs charges the intermediate voltage capacitor C2. This mode expires 
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when the diode D2 switches OFF and the auxiliary inductor Laux fully releases the energy it has been 

holding in reserve. 

 
Figure3. Operating mode 1(t0-t1) 

B. MODE 2 (t1-t2) 

The main switch S1 is indefinitely turned ON at time t = t1. The input power source charges the 

principal inductor LP, causing a slow, roughly linear increase in the magnetising current iLmp. The 

middle-voltage capacitor C2 is being charged at the same time by the secondary voltage vLs via the 

diode D3.  

 
Figure4. Operating mode 2(t1-t2) 

Although the voltage vLmp is equal to the input voltage VFC in both modes 1 and 2, the auxiliary 

circuit's path causes the coupled inductor's leakage current's ascending slope (diLkp/dt) at modes 1 and 2 

to have a different ascendant slope. At the conclusion of mode 1, the diode D2 switches OFF and the 

auxiliary inductor Laux totally releases its stored energy, which reduces diLkp. 

C. MODE 3 (t2-t3) 

The main switch S1 is turned OFF at time t = t2. The middle-voltage capacitor C2 receives the leakage 

energy when it is still being discharged from the connected inductor's secondary side by the diode D3, 

which conducts steadily. The diode D1 conducts to transfer the energy of the primary-side leakage 

inductor Lkp into the clamped capacitor C1 when the voltage across the main switch VS 1 is greater 

than the voltage across the clamped capacitor VC1. The diode D2 conducts at the same time that a 

portion of the primary-side leakage inductor Lkp's energy is transferred to the auxiliary inductor Laux. 

In order to power the output load in the auxiliary circuit, the current iL aux flows through the diode D2. 
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Figure5. Operating mode3 (t2-t3) 

D. MODE 4 (t3-t4) 

The main switch S1 is indefinitely turned OFF at time t = t3.The secondary current iLS is 

induced in reverse from the energy of the magnetising inductor Lmp through the ideal transformer, and 

flows through the diode D4 to the HVSC once the leakage energy has been released from the primary 

side of the linked inductor. At the same time, the diode D2 continues to conduct and partial energy from 

the primaryside leakage inductor Lkp is consistently passed to the auxiliary inductor Laux. Additionally, 

the auxiliary circuit's current iL aux flows via the diode D2 to power the output load. 

 
Figure6. Operating mode 4(t3-t4) 

E. MODE 5 (t4-t5) 

At time t = t4, the primary leakage current iLkp equals the auxiliary inductor current iL aux, causing the 

main switch S1 to be constantly turned OFF and the clamped diode D1 to be OFF. To power the output 

load in the auxiliary circuit through the diode D2 in this mode, the input power source, the primary 

winding of the coupled inductor Tr, and the auxiliary inductor Laux connect in series. 
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Figure7. Operating mode5 (t4-t5) 

In order to release energy into the HVSC through the diode D4 at the same time, the input power 

source, the secondary winding of the linked inductor Tr, the clamping capacitor C1, and the middle 

voltage capacitor (C2) connect in series. 

F. MODE 6 (t5-t6) 

This mode starts when the primary switch S1 is activated at time t=t5. The diode D2 consistently 

conducts while the auxiliary inductor current iL aux needs time to decay to zero. In this mode, the 

clamped capacitor C1, the secondary winding of the linked inductor Tr, the middle-voltage capacitor C2, 

and the input power source are still connected in series to discharge energy into the HVSC via the diode 

D4. The clamped diodeD1 will be abruptly switched off without a reverse-recovery current because it 

can be chosen as a low-voltage Schottky diode. Additionally, the primary-side leakage inductor Lkp 

controls how quickly the primary current iLkp rises. Therefore, no currents can be derived from the 

HVSC, middle-voltage circuit, auxiliary circuit, or other circuit paths. 

 
Figure8. Operating mode 6(t5-t6) 

4. Fuzzy System 

System with fuzzy interface In essence, a fuzzy system is a formulation of fuzzy logic used to map an 

input set to an output set. The foundation for any interference or conclusion can be found in the mapping 

process. The steps that make up a fuzzy interface procedure are as follows: 

1. Fuzzification of input variables is the first step. 

2. Fuzzy operator application is step two. 

The IF (antecedent) portion of the rule uses the operators (AND, OR, NOT). 
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3. Extrapolation from the prior to the following (Then part of the rule). 

4. Aggregation of the consequences across the rules is the fourth step. 

5. Defuzzification is step five. 

Typically, a rule matrix resembling the ES rule matrix will be present. For example: There are 7MF for 

input variables "x" and MF for input variables 

 
Figure9. Fuzzy controller 

5. Simulation Design  

A matlab simulation design open loop system as shown in Figure10 is developed in MATLAB 

SIMULINK with the help of the coupled inductor, voltage clamping circuit and switched capacitor we 

get desired output voltage level (Figure11 and Figure12) low voltage output and high voltage 

waveforms, A new modified circuit of the system with single phase converter is also designed which is 

shown in Figure13.  

      

 
Figure11. Open loop system of SIMO Converter 
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Figure12. Low Voltage DC Output (28V DC) 

 
Figure13. High voltage DC output (200V DC) 

A matlab  simulation design closed circuit loop system as shown in Figure14 is implemented in 

MATLAB SIMULINK with the help of coupled inductor, voltage clamping circuit and switched 

capacitor and PI controllers we get required output voltage level (Figure15 to Figure16) low voltage 

output and higher voltage waveforms, A modified circuit of the converter system with single phase 

inverter is also designed which is shown in Figure17.  



Dogo Rangsang Research Journal                                                           UGC Care Group I Journal 

ISSN : 2347-7180                                                                        Vol-13, Issue-1, No. 3, January 2023 

Page | 28                                                                                            Copyright @ 2023 Authors 
 

 

 
Figure14. Closed loop circuit of SIMO DC to DC Converter with pi controller 

 
Figure15. Low voltage output (28V) 

 

 
Figure16. High voltage (200V) 

 

A simulation design closed loop DC TO DC system as shown in Figure17 is implemented in MATLAB 

SIMULINK with the help of coupled inductor, DC voltage clamping circuit and switched capacitor and 

FUZZY controllers we get desired output voltage level (Figure18 to Figure19) low voltage output 

converter and high voltage waveforms. 
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Figure17. closed loop circuit of SIMO DC to DC Converter with fuzzy controller 

 
Figure18. Low voltage output (58V) 

 
Figure19. High voltage (400V) 
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Figure20. Voltage across clamping circuit 

5. Conclusion 

This paper includes a high-efficiency SIMO dc-dc converter that works well with a single input power 

source and two output terminals made up of an auxiliary battery module and a high-voltage dc bus. The 

converter is coupled-inductor based. A solid oxide fuel cell provides the converter's input. A PI 

controller and a fuzzy controller are the controllers in use. The outcomes produced by PI controller and 

fuzzy logic controller are contrasted. The fuzzy logic controller reduces the ripple content. MATLAB 

software is used to validate the outcomes. This project can be extended by testing the system by 

connecting various loads. 
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