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Abstract: The functioning of fault-tolerant boosted conversions in both good and bad circumstances 12 

is covered in this work. The majority of our power plants and automotive applications make exten- 13 

sive use of surge conversions. Every component in a converter is accountable for causing one of the 14 

many problem kinds that affect the converter. In order to construct a tolerant of faults DC-DC con- 15 

verter, the reaction of the single switch DC-DC converter under various potential failures was ex- 16 

amined. Utilizing a MATLAB Simulink approach, the response of each device across both typical 17 

and various potential fault scenarios was derived. The booster converter can also undergo addi- 18 

tional heat research to determine how the converters react at various temps. 19 
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 21 

1. Introduction 22 

Scaling either up or down the input voltage as well as controlling the DC voltage are 23 

the two functions of the DC-DC converters. DC-DC converters that operate with a single 24 

switch are typically used in recharging purposes. A power supply plus a DC-DC con- 25 

verter makes up a typical charging system. The dc-dc converter's input needs to be lossless 26 

in order for the system to charge effectively [1, 2]. To enhance the charging system's effi- 27 

ciency, a wideband dc-dc converter has to be properly designed. 28 

Faults that are caused by external as well as internal variables can account for a por- 29 

tion of the charging system's issues. Short circuit and open circuit defects in the electrical 30 

system are the primary causes of internal faults [3, 4]. The primary causes of external 31 

faults include spikes in temperature across the system, rapid increases in earth fault cur- 32 

rent, or issues with anchoring.  33 

When designing dc-dc power converters using pulse width modulation (PWM), fault 34 

analysis is crucial [5]. It provides us with comprehensive information about the potential 35 

harm and aids in our understanding of the severity of different fault types. It provides us 36 

with precise details regarding the highest resist durability of each part of a converter. It is 37 

quite helpful to us while constructing the converters to operate within their maximum 38 

capabilities. In this section we measure the converter's performance after introducing var- 39 

ious flaws [6]. Anything in the circuit could have a fault; in this case, we'll be looking at 40 

the switch between [7-10], diode, inductor, capacitor, and load. Therefore, we have exam- 41 

ined several defects in each of the converter's components in this research and have of- 42 

fered a comparison of the single switch dc-dc converter's efficiency. An effective fault 43 
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tolerant single switch dc-dc converter might be constructed for a variety of purposes by 44 

taking into account the reaction of the converter during diverse failure scenarios. 45 

2. Materials and Methods 46 

2.1 Overview of the System 47 

Depending on the purpose, the single switch dc-dc converter can be utilized to in- 48 

crease or decrease the input voltage. These are a few examples of popular single switching 49 

dc-dc converters that are employed in a variety of real-world scenarios. In this study, we 50 

analyze the efficiency of a boost converter. The boost converter schematic is displayed in 51 

Figure 1. A voltage at the output that is higher than the input voltage in a switch mode 52 

DC to DC converter is called a boost converter. The charging and discharge process of an 53 

inductor is the foundation of the boost converter's primary operation. It is resistant to 54 

abrupt input modifications [10, 11]. The resultant value is equivalent to the input voltage 55 

while the toggle switch is off, and the inductor charges (i.e., stores energy as a magnetic 56 

field) and releases it if the switching is active. 57 

2.2  Variables for Modelling 58 

The load's variables are displayed in Figure 1. We tested the converter in this study 59 

by using a battery as the load. DC-DC converters are typically employed in battery charg- 60 

ing scenarios. Therefore, for the battery to be charged effectively, an efficient charging 61 

mechanism is always essential. Based on the simulation findings of the converter linked 62 

to the battery, a comparison has been done to determine which single switch dc-dc con- 63 

verter is most effective in recharging a battery under both typical and abnormal condi- 64 

tions. 65 

 66 
Figure 1: Boost converter circuit diagram 67 

The converters are examined for various open and short circuit problems, and the 68 

efficiency of the converters is used to determine the outcomes. A short circuit fault at the 69 

switch itself results in extremely high current flowing via it and a rise in the temperature 70 

throughout the device, both of which lower the converter's effectiveness. While the move 71 

in the converter is open circuited, the inductor charges continuously and loses its mag- 72 

netic property over time. Prior research has addressed these issues and provided strate- 73 

gies to identify and lessen switch faults [12-14]. Other components of the converter, such 74 

as the diode, inductor, and capacitor, may experience the same open or short circuit issue. 75 

These errors undoubtedly lessen the charging system's efficacy, and some of them have 76 

the potential to harm the circuit's components by abruptly increasing voltage or current. 77 

These errors are displayed below after being examined with the MATLAB Simulink pro- 78 

grammed [15]. 79 

2.3  Dc-Dc Converter with Single Switch Tolerance for Faults 80 

The purpose of a fault-tolerant booster converter is to completely eliminate all poten- 81 

tial flaws in a circuit. The error is detected and mitigated by a device called a controller. 82 

The circuit's magnet element is mostly utilized to detect errors. Here, the type of problem 83 

is identified by taking into account the voltage generated by the inductor. 84 

 85 
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Figure 2(a) Boost conversion with fault tolerance Figure 2(b) Circuit diagram for identifying faults 

The fault tolerant boost converter is depicted in Figure 2(a). To safeguard the circuit's 86 

electronics from excessive current flow, a fuse wire is attached in close proximity to the 87 

load and supply. Normally, depending on the duty ratio, the voltage between the inductor 88 

will rise and discharged. However, the inductor typically loses its magnetic characteristic 89 

following the malfunction. As a result, the inductor voltage waveform acquired following 90 

the fault will undoubtedly differ from the waveform obtained during normal operation. 91 

The inductor's waveform is displayed in Figure 3(b) when it is operating normally, when 92 

there is an open circuit issue with the diode. We can see a distinct variation in the wave- 93 

form during ordinary and fault scenarios when we examine Figures 3(b). The voltage 94 

across the inductor either rises to an extremely high level or falls to an extremely low level 95 

in open and short circuit problems. An error signal is formed through the comparison of 96 

both of these messages, and the controller processes it from there. 97 

 98 

  

Figure 3(a) Battery production of boost converter in stand-

ard process 

Figure 3(b) Voltage around the inductance 

Figure 2(b) Displays the fault detecting circuit's block schematic. The voltage across 99 

the inductor under typical operating conditions is known as the standard inductor volt- 100 

age. The voltage over the inductor under present conditions of operation is the real induc- 101 

tor value. If both signals have identical magnitude, the comparator's output is one; when 102 

the signals have different magnitudes, the output is zero. The comparator signal that is 103 

provided to the circuit breaker powers the controller. The controller triggers the circuit 104 

breaker to allow current to flow via the main switch or the extra switch, depending on 105 

whether the operational situation is normal or unusual. Figure 4(a) Displays the battery 106 

output when the controller is operating. The expanded waveform displays the controller's 107 

position in operation. Figure 4(a) clearly shows the brief shift in battery output that occurs 108 

for a few milliseconds at 0.5s when the fault occurs. The battery's performance will not be 109 

impacted by the slight decrease in output. In this case, the controller starts working right 110 

away after the error. 111 
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The output waveforms of the single switch DC-DC converter are displayed in Figure 112 

4(b) under both failure and typical circumstances. In this case, the fault happens at time 113 

0.5s, and the shape of the waveform shows that the output waveform stays constant even 114 

after the fault. The controller detects the malfunction right away and modifies the con- 115 

verter to maintain a steady output even following the malfunction. 116 

 117 

  

Figure 4: The resilient boost converter's battery power (a) in 

fault situation 

(b) in controller conflict 

3. Results 118 

The outcomes of simulations will provide a good understanding of the regular and 119 

fault situations of the converters' operation. Buck and boost conversions are the most often 120 

utilized single switching converters in charging situations. A fault-tolerant boost con- 121 

verter that can withstand frequently occurring converter defects is created by projecting 122 

the boost converter's outcomes under both normal and defective situations. 123 

The efficiency of the booster converter under typical circumstances is displayed in 124 

the waveforms that follow. Figure 2(a) Displays the battery's voltage, current, and charge 125 

level in a typical situation. The battery voltage and current measured are in close proxim- 126 

ity to the values mentioned in Figure 1. Figure 2(b) Displays the voltage waveform 127 

through the inductor. calculating the duty cycle worth, we are able to see that the inductor 128 

charges and discharges properly. 129 

The switch's voltage and current wave is displayed in Figure 5(a). It is easy to see 130 

why the waveform depicts the voltage across the toggle switch in the neutral state and the 131 

current that passes across the device in the on state. The diode's typical operating voltage 132 

and current waveforms are displayed in Figure 5(b). The diode's current and voltage at- 133 

tain a value that is closer to the specified values once the toggle switch is turned on as 134 

well. 135 

The waveform of the voltage across the capacitor under typical conditions is depicted 136 

in Figure 6. The output voltage and the voltage over the capacitor are identical. 137 
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Figure 5(a) Current and Voltage at the switch (b) The waves of current and voltage at a diode. 

 138 

 

 

Table 1. Summit rates for various factors in Diode 

open circuit error in Boost converter 

Inductor Switch Capacitor 

Voltage(V) Current(A) Voltage(V) Current(A) Voltage(V) 

-149 0.099 149 0.099 -0.255 

Diode Battery 

Voltage(V) Current(A) Voltage(V) Current(A) SOC 

0.79 0 -0.255 0 NC 
 

Figure 6: Capacitance Voltage 
 

Open circuit diode 139 

The highest values across a range of variables after an open circuit fault across a di- 140 

ode are displayed in Table 1. Following the fault, the voltage across the switch and induc- 141 

tor rises to an extremely high amount. The voltage's amplitude indicates how serious the 142 

fault is. As a result, an open circuit diode can quickly harm its switch and inductor. Figure 143 

7(a) Displays the boost converter's battery settings in the event of a diode open circuit 144 

problem. It is evident from the pattern that the output voltage drops to an extremely tiny 145 

amount and the output current hits zero. As a result, battery charging becomes less effec- 146 

tive. Similar to this, when a diode is open circuited, other converters' ability to charge a 147 

battery is diminished. Figure 7(b) Demonstrates that the voltage across the inductor only 148 

reaches aberrant peak levels when there is an enhanced converter diode open circuit mal- 149 

function. When the problem occurs, the voltage reaches its maximum value (in this case, 150 

it occurs at 0.5 seconds). These extremely high peak voltages have the potential to seri- 151 

ously harm the inductor. 152 

 153 



EJEEE 2024, Vol.2 17 of 19 
 

 

  

Figure 7(a) Open circuit diode Figure 7(b) Inductor voltage in boost converter 

Flip Open The circuit 154 

The peak values of multiple parameters after an open circuit failure for the boost 155 

converter are displayed in Table 2. The table shows that there isn't an interruption in the 156 

battery charging process and that the output voltage reduces by just a couple of volts. The 157 

inductor loses its magnetizing ability when there isn't a pathway for it to departure, which 158 

is the sole issue in the event of a switch open circuit defect. The voltage over the inductor 159 

drops to zero when the current through the inductor stabilizes. After a malfunction, the 160 

converter will not do any boosting action; instead, only the input will be supplied to the 161 

outputs no changing activity. 162 

Short Circuit Failure in Switches 163 

The switch itself experiences constant, extremely high current flow whenever it is 164 

shorted. This will raise temperatures throughout the gadget and have an impact on how 165 

well it works. The inductor lacks its magnetizing ability as an outcome of the same charg- 166 

ing and discharge issues that affect the capacitor. Table 3 shows that the current via the 167 

switch and inductor reach an extremely significant level, which will undoubtedly cause 168 

the circuit to fail. 169 

As the amount of time rises, we may see that the voltage flowing through the induc- 170 

tor climbs linearly to an extremely high level. Comparably, in the event of a switch short 171 

circuit malfunction, the gadget sustains significant harm as the current flowing through 172 

the switch's contacts rises linearly with time. The boost converter's ability to increase the 173 

voltage at the output is likewise stopped by a short circuit defect; instead, the input volt- 174 

age is sent to the output without any switching occurring. The power source is still being 175 

charged, but at a lower voltage, which is not what is desired for efficient battery charging. 176 

 177 
Table. 2. summit quantities of various parameters in Switch

 Open Circuit fault for Boost Converter 
Table. 3. summit quantities of various parameters in Switch Short 

Circuit error for Boost Converter   

  

Defect in Resistor Open Circuits 178 

Capacitor open circuitry is a different sort of malfunction. Since it doesn't raise the 179 

circuit's voltage or current, this defect doesn't harm any devices. However, it cuts off the 180 

load's availability. 181 

The distribution of voltage and current in the circuit. The output voltage remains 182 

unchanged long following a malfunction. Therefore, the efficiency of charging the power 183 

source is unaffected by the open circuit defect in the capacitor. The open circuit fault at 184 

Inductor Switch Capacitor 

Voltage(V) Current(A) Voltage(V) Current(A) Voltage(V) 

0 >399 8.9 >399 8.19 

Diode Battery 

Voltage(V) Current(A) Voltage(V) Current(A) SOC 

0.79 3.49 8.19 3.49 Charging 

 

Inductor Switch Capacitor 

Voltage(V) Current(A) Voltage(V) Current(A) Voltage(V) 

0 3.21 8.9 0 8.19 

Diode Battery 

Voltage(V) Current(A) Voltage(V) Current(A) SOC 

0.79 3.21 8.19 3.16 Charging 
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the power source is the final potential defect. The device's whole supply is shut off from 185 

the other components if this scenario occurs. Thus, the output is going to be close to nil. 186 

As a result, the various faults that could arise in a boost converter circuit are examined, 187 

and their respective responses are recorded and contrasted. As we observe, there are times 188 

when defects cause the voltage and current to spike to extremely high levels, which puts 189 

stress on the circuitry and degrades production efficiency. Therefore, the purpose of a 190 

tolerant of faults boost converter is to prevent unneeded stress from being produced by 191 

various defects while maintaining the device's efficiency. 192 

5. Conclusions 193 

It is evident from the findings provided that short circuit and diode open circuit prob- 194 

lems are among the most frequent and dangerous types of defects. The optimum solution 195 

for these issues is a fault tolerant DC to DC converter. Although there are several fault- 196 

tolerant converters on the market, they don't always work right away. When a controller 197 

is present in the circuit, it detects the defect and acts on the converter to lessen its impact. 198 

Although the additional switch, diode, and controller are more expensive, they provide 199 

the converter with greater safety and extend its lifespan while improving performance. 200 

Therefore, fault analysis assists in developing a fault-tolerant DC-DC converter by indi- 201 

cating the severity of different errors. To gain more insight into the converter's operation 202 

during various failure scenarios, additional temperature measurement may be conducted. 203 
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