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ABSTRACT 

 

Power supply is important to provide sufficient and stable power needed by the load. 

In order to provide power with high reliability, it is important to maintain the stability 

of the operation. Therefore, the internal circuitry of the power supply should be 

included with a protection system. In this project, overvoltage, overcurrent and 

switching protection will be installed in AC-to-DC Switched Mode Power Supply 

(SMPS). The SMPS is developed by combining a 3-phase full-bridge rectifier with a 

flyback converter. The multiple outputs isolated SMPS topology can be obtained by 

using three sets of transformer’s secondary winding. To improve the power efficiency 

and reduce the switching losses, zero current switching (ZCS) and zero voltage 

switching (ZVS) circuit will be implemented at the controlling switch of the 

converter. The crowbar circuit will be used to protect the circuits from overvoltage 

whilst for overcurrent, a sensor will be used to sense the overcurrent having a high 

resistance path to limit the current. It is found that by applying the overvoltage 

protection, the voltage that exceeds 240 V can be reduced to around 12 V.
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CHAPTER 1 

INTRODUCTION 

1.1    Background of Study 

Power supply is an important part in electronic system. Without power, not even one 

electrical appliance is able to operate.  However, the power supply is normally 

neglected in electronic systems and often designed without proper concerns or 

brought in after the system is complete, and improperly placed which is often too 

small or has inadequate ventilation for cooling purpose. The circuit designer normally 

focuses on designing the electronic system circuitry compared to the power supply. 

The best is to provide sufficient power to the load and can maintain its power 

reliability and efficiency while protecting its circuitry and the loads [1]. 

 

In order to protect the load, the power supplied to the load should be stable. 

Otherwise, some of the electronic components such as transistors and diodes might be 

damaged and thus affects the reliability of the power supply. When the power 

supplied is exceeding the rated power that the electronic components can withstand, 

the heat dissipated will affect the operation.  

 

Power supplied = IV                                                    (1) 

Power dissipated = I
2
R                                               (2) 

 

From Eq. (1), when the power suddenly increases, the current and voltage supplied 

will increase as well. When the current exceeds the maximum rating that the 

components can handle, the heat dissipated by the components in Eq. (2) will 

increase. This increases the thermal level which may reduce the component’s 

lifespan.  

 

The designers usually want to avoid fault from occurring. Therefore, the 

specifications for the power supply normally include high safety margins. However, 
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the safety margins are sometimes over-specified, and consequently, the power supply 

unit becomes considerably larger, heavier and more expensive [2]. 

 

In this project, a multiple output level AC-DC Switched Mode Power Supply (SMPS) 

will be designed using a flyback converter with the protection circuit for overvoltage 

and overcurrent. This SMPS will be able to supply 5 V, 12 V and 24 V outputs. Most 

of the commercially available multiple outputs Switched Mode Power Supplies 

(SMPS) use multiple number of DC-DC converters that have increased the cost and 

complexity of the system and reduce reliability [3]. So, an isolated type of SMPS is 

chosen. The protection circuit will be used to maintain reliability of the loads. 

1.2    Problem Statement 

Without proper consideration in designing the power supply, this might affect the 

stability of the loads. The problems, such as overvoltage and overcurrent are the main 

factors. It is important to design a protection system in ensuring the reliability of the 

power delivered and its efficiency 

1.3    Objectives and Scope of Study 

 To understand about SMPS  

 To acquire the knowledge about the protection system needed for SMPS  

 To apply the protection system to the SMPS for the application of a remote 

control car charger, closed-circuit television (CCTV) and spotlight. 

 To simulate and validate the circuit. 

 

5 V output will be used for remote control car battery charger. This application needs 

2 A of current while for 12 V output, it will be used for CCTV and the current rating 

is 5A. For 24 V output, it will be used for a 24 V spotlight with a current of 3.75 A to 

light up the spotlight. 
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CHAPTER 2 

LITERATURE REVIEW 

This section discusses about the type of power supplies, the converter and the 

protection system in order to achieve objective 1 and 2. At the end of this chapter, the 

type of the converter that will be used will be decided. 

2.1    Type of Power Supply 

There are two types of power supplies that are usually used. One is linear power 

supply and the other one is switched mode power supply (SMPS).  

2.1.1    What is Linear Power Supply 

Linear power supply or also known as linear regulator uses a transistor that operates 

in linear mode; not as a switch. Linear power supply has a bulky steel or iron 

laminated transformer. This transformer has two purposes which are to provide a 

safety barrier for the low voltage output from the AC input and to reduce the input 

from typically 115 V or 230 VAC to a much lower voltage [4]. 
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Figure 1    The Basic Circuit of Linear Regulator 

Figure 1 shows an example of a linear regulator which consists of rectifiers, 

transformer T1, storage capacitor C1, resistors R1 and R2, and capacitor Q2 which 

operates in the linear mode.  From Figure 1, the output voltage, Vo is the difference 

between the secondary winding voltage, Vs and the unregulated DC voltage Vdc 

rectified from the transformer T1. 

 

 In order to control output voltage Vo, Vdc should be controlled by means of the input 

from the error amplifier feeding base current to the transistor [5]. The base current to 

the transistor is controlled by controlling the reference voltage, Vref of the error 

amplifier. 

2.1.2    What is SMPS 

The basic concept behind SMPS is the fact that the output regulation is undertaken by 

using a switching regulator. This uses a series of switching element that turns the 

current supply on and off [6]. By controlling the duty cycle of the switching, the 

output voltage of SMPS can be controlled. Usually, power MOSFET is used as the 

switching device rather than using power BJT [7]. To control the duty cycle of the 

switch, sometimes a sample of the output voltage is used as the feedback signal to the 

switch drive circuit to achieve regulation [8]. 

 

D1 
Q1 Io 

Vo 

R1 

Vs 

D2 

T1 

Vin 

Vref 

R2 

Vdc C2  
Error Amplifier 

Current Amplifier 
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Figure 2    The Basic Circuit of SMPS 

From Figure 2, when the switch S1 is on, the current Is and voltage Vdc from the 

source will flow to the capacitor C1 and charge it. When the switch S1 is turned off, 

the current Is will stop flowing and the capacitor C1 will discharge the energy from it 

as shown in Figure 3. By controlling the duty cycle of the switch S1, the voltage Vo or 

current Is flowing to the capacitor C1 can be controlled [9] to obtain the required 

current Io.  

 

 

 

Figure 3    The Charging and Discharging of Capacitor 

+ 

Is 

Vo 

- 

Io 
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2.1.3    The advantages and disadvantages of SMPS and Linear Regulator 

The most significant advantage of SMPS inhibits a greater efficiency because the 

switching transistor dissipates little power as it functions as a switch. When the 

transistor acts like a switch, it is either has a negligible voltage drop across it or a 

negligible current through it. Other advantage is lower heat generation due to higher 

efficiency compared to linear power supply.  

 

Despite having higher efficiency, the design of SMPS is more complex compared to 

linear regulator. It also generates high-amplitude, high-frequency energy that needs to 

be blocked by the low-pass filter to avoid electromagnetic interference (EMI), and a 

ripple voltage during the switching [10]. 

Table 1    Comparison between SMPS and Linear Power Supply [11] 

Features SMPS Linear Power Supply 

Efficiency 65-75 % 25-50 % 

Temperature rise 20-40
o
C 50-100

o
C 

Ripple value Higher 25-50 mV Even 5 mV possible 

Overall regulation 0.3 % 0.1 % 

RF interference 
Can cause problem if not properly 

shielded 
None 

Magnetic material Ferrite core Stalloy or CRGO core 

Weight About 60 W\kg 20-30 W\kg 

Reliability Depends on the switches More reliable 

Transient response Slower Faster 

Complexity More Less 
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From Table 1, the efficiency of SMPS is higher than the linear power supply and this 

leads to a lower temperature rise for SMPS as the heat is less dissipated. Table 1 also 

shows that for 1 kilogram of SMPS, 60 kW of power can be generated. However, for 

a linear power supply, it can only generate 20 kW for each kilogram. In other words, 

for the same power generated by both power supplies, SMPS will have a lighter 

weight compared to linear power supply. As an example, if both power supply 

generate 120 W, SMPS only weighs 2 kg while linear power supply will at least 

becomes 40 kg. Due to this, SMPS is chosen for this project instead of linear power 

supply. 

2.1.4    Type of SMPS 

SMPS can be divided into three types depending on the topologies. The topology is 

the arrangement of the energy storage inductors and capacitors as well as transistors 

and rectifiers in the circuit network. The three types of SMPS are isolated, non-

isolated and quasi-resonant switch. 

 

An isolated SMPS has transformer-coupling between the output and the input 

whereas non-isolated does not have transformer. The quasi-resonant switch is 

basically a conventional semiconductor power-switching device with an LC circuit 

incorporated into a circuit to shape either current flowing through the device or the 

voltage across it [12]. 

 

In this work, an isolated topology incorporated with transformer will be designed to 

obtain multiple output voltage. The input and the output will be electrically isolated 

from each other. Usually, this requirement is needed to keep the mains voltage well 

apart from the voltage at the load. The turn ratio of the transformer can be chosen to 

provide a various different output voltages from the input. 

2.1.5    Type of Isolated SMPS 

There are several types of isolated SMPS that are commonly used. They are flyback, 

forward, half-bridge, and full-bridge converters. The configurations of the 

components in the converter are different from each other. This section discusses 
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about the different types of isolated SMPS that can be used for this project.  

2.1.6    Buck Converter 

Figure 4 shows a conventional buck converter. It consists of a switching device S1, a 

freewheeling diode D1, a capacitor C1 and an inductor L1. The switching device can 

be a transistor. During the on period of the switch, S1, the DC voltage from the 

source, Vdc will flow through S1 to L1 and charge it before flowing to the resistor R1 . 

When S1 is off, the energy from the L1 will be discharged. D1 is used to provide a path 

for the current flow during the off period of the switch. Without D1, the highly 

induced emf in L1 and the current discharges from the L1 may damage S1. 

 

Figure 4    Buck Converter  

When Vs is lower than the output voltage Vo, the current will flow in reverse direction 

from Vo to Vs. This reverse current will cause D1 in the rectifying circuit to become 

reversely biased and blocked the current. So the current become nearly to zero simply 

because buck converter cannot operate when Vdc is higher than Vo.  

 

Vdc 

D1 

S1 L1 

C1 

R1 

Vo 

Io 
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Figure 5    Output Voltage and Current Waveforms [13] 

The instantaneous output voltage vo and current io are shown in Figure 5. When the 

switch S1 is on, L1 will be charged io will be increasing. Once S1 is off, the induced 

emf in L1 will be discharged and io will be flowing through the D1 and keep on 

reducing until the S1 is on again.  

2.1.7    Boost Converter 

Boost converter is a step up converter. It is mainly used for regulating DC power 

supplies and regenerative braking of DC motor. The output voltage of boost converter 

is higher than the input voltage. The input to the converter is DC. So, if the available 

input is AC, the rectifying circuit is needed to rectify AC input to DC. 
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Figure 6    Boost Converter 

Boost converter is shown in Figure 6. When the switch S1 is on, the current in 

inductor L1 will flow through the switch S1 as the resistance of S1 is lower compared 

to the resistance of the diode D1. The direction of the current flow is shown by i1 in 

Figure 7. As there is no current flowing through D1, the energy stored in the 

capacitor, C1, will be discharged. So, the output current io will flow in anticlockwise, 

causing D1 to be reverse-biased and makes the output become isolated as shown in 

Figure 7. The input will supply energy to L1 and the current in the inductor iL will 

increase as L1 is charging. 

 

Figure 7    Switch is On for Boost Converter 

  

 

Vdc 

Vdc 
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Once the switch is off, the energy in L1 will be discharged. The operation of the boost 

converter during the off period is shown by Figure 8.  The input voltage, Vdc as well 

as the voltage from L1 will make the diode D1 become forward biased and the output 

current io flow through D1 to the output as shown in Figure 8. The output current io 

flows through the output resistance R1 while the capacitor current iC flows through 

the filtering capacitor C1. The capacitor C1 will store the energy flowing across it. The 

filtering capacitor C1 is assumed to be sufficiently large to ensure a constant 

magnitude of output voltage of Vo.  

 

 

 

Figure 8    Switch is Off for Boost Converter 

2.1.8    Flyback Converter 

Flyback converter is usually used for low power application SMPS where the output 

voltage needs to be isolated from the input main supply. The overall electronic 

component arrangement of this converter is significantly simpler than other SMPS 

circuits [14]. Input to the circuit is generally unregulated DC voltage achieved by 

rectifying the utility AC voltage followed by a simple capacitor filter to smoothen the 

ripples of the rectified output voltage.  

 

The circuit can offer single or multiple isolated output voltages and can function over 

wide range of input voltage variation. In terms of energy efficiency, flyback power 

supplies are poorer to many other SMPS circuits but this simple topology and low 

cost makes it widely used in low output power range.   

 

Vdc 
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The flyback converter is based on the buck-boost converter [15]. The derivation of 

flyback converter from buck-boost converter is illustrated in Figure 9. Figure 9(a) 

shows the basic buck-boost converter, with the using of MOSFET and diode as the 

switches. In Figure 9(b), the winding of the inductor is made of two wires, with a 1:1 

turn ratio. The basic function of the inductor is not changed, and the parallel windings 

are equal to a single winding made of larger wire. In Figure 9(c), the connections 

between both windings are broken. One winding is used while the transistor Q1 

conducts, while the other winding is used when diode D1 is conducting. The total 

current in the two windings is unchanged from the circuit in Figure 9(b). 

 

 

Figure 9    The derivation of flyback converter [16] 

However, the distribution of the current between the windings is not equal even 

though the magnetic fields inside the inductor in both cases are equal. Although the 

two-winding magnetic device is represented using the same symbol as the 

transformer, it is actually more like an inductor that has two windings than a 

transformer.  

 

Transformer does not have the ability to store energy however the inductor can. This 

device is sometimes known as a “flyback transformer”. For flyback transformer, 

current does not flow simultaneously in both windings not like the normal 

transformer [17].  

 

Q1 
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Figure 9(d) illustrates the typical configuration of the flyback converter. The 

MOSFET Q1, source is connected to the primary-side ground, to simplify the gate 

drive circuit. The MOSFET, Q1, is usually controlled by a PWM circuit. To get a 

positive output voltage, the transformer polarity is reversed.  

 

From Figure 10, when current is fired to the gate of Q1, Q1 will be on. Thus, the 

current, i1, will flow at primary winding of the transformer but the current, i2, at 

secondary is zero. This is because the flyback transformer acts differently than the 

normal transformer. During this time, the voltage drop at Q1 is zero thus the voltage 

at the primary winding, Vpri is equal to Vdc. Once the switch is off, the current i2, will 

flow at the secondary winding due to   
     

  
. 

 

 

 

Figure 10    Flyback Converter 

The turn ratio of the flyback transformer can be manipulated. However, unlike the 

normal transformer, the turn ratio does not manipulate the voltage but the current at 

the primary and secondary of the transformer does. The ampere-turns at the primary 

    Q1 

    + 

Vpri 

      _ 

 + 

Vsec 

 _ 

    + 

 

 

 

Vdc 

  

 

 

 

 

     _ 

    + 

   Vo 

       

      _ 

   C1 

    C2     R1 

    D1 

    i1     i1 

    i2 

    Primary 

    Secondary 

    L1     L2 



14 

 

and secondary winding must be the same [18]. As an example, if L1 has 100 turns and 

the current is 1 Ampere, the ampere-turns will be 100 ampere-turns. So, during off 

period, L2 will also have 100 ampere-turns. If the L2 has 10 turns, then i2 will be 10A. 

The output voltage will simply be the current times the load resistance, R1. 

2.1.9    Forward Converter 

Another popular SMPS circuit is forward converter. It is used for producing isolated 

and controlled DC voltage from the unregulated DC input supply. As in the case of 

flyback and forward converter, the input DC supply is often derived after rectifying 

and a little filtering of the utility AC voltage. The forward converter, when compared 

with the flyback circuit, is generally more energy efficient and is used for applications 

requiring little higher power output generally up to 200W [19].  

 

However the topology of the circuit, especially the filtering circuit at the output is not 

as simple as in the flyback converter. As an example, by comparing the flyback 

converter in Figure 10 with the forward converter in Figure 11, only one diode is 

needed in flyback converter circuit whereas forward converter needs two. This shows 

that, flyback converter needs lesser components at the filtering part compared to 

forward converter.  

 

 

 

Figure 11    Basic Topology of Forward Converter 
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When the gate of Q1 is triggered, Q1 turned on. Then, the DC voltage from the source, 

Vdc will be applied to the primary winding, L1 of the transformer T1 and 

simultaneously a scaled voltage, Vsec will appear at the secondary winding, L2. The 

dotted sides of both windings have positive polarity. The diode D1 becomes forward 

biased so the current i2 will flow through D1 and then through the low pass filter 

preceding the load. The current i1 at L1 flows into the dot whilst the current i2 at L2 

flows out of the dot. The ratio of i1 and i2 are inversely of the turns-ratio of L1 and L2 

[20].  

 

When the Q1 is turned off, i1 as well as i2 are brought to zero. However, the current 

through the inductor, iL and the current through the load, iR are still flowing. The 

diode D2 provides a freewheeling path for these currents to flow. The required emf to 

maintain the continuity of the current flowing through L1 and the current to maintain 

the bias of D2 is provided by L1 itself. The inductor current, iL will be decaying as it 

flows in opposite of the output voltage, Vo. However, due to the presence of a 

relatively large filter capacitor, C1, the output voltage Vo become relatively constant. 

 

From the various type of converter, the type of converter that was decided to be used 

in this project is flyback converter. This decision was made because the input and 

output voltage of flyback converter is isolated, thus when there is fault at the input, 

the output will not be affected. Furthermore, it is easier to configure multiple outputs 

level with flyback converter as it only takes two more secondary windings to obtain 

three levels of output voltage. Moreover, flyback converter topology is simpler 

compared to other converter. Forward converter also has isolated input and output. 

However, flyback has lesser components compared to forward converter. 

2.2    Protection System 

It is important to protect the load against overvoltage because overvoltage in power 

supply could easily damage the circuit it is powering.  It is normal to simply shut 

down the power supply if an overvoltage is detected except for transient.  
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Most power supplies have some forms of current limiting protection, such that if the 

load current rises above a preset level such as the current rating of the circuit, the 

output voltage reduces to limit the current to a safe level. The protection from 

overcurrent is important to limit the dissipation in the regulator component to safe 

values and thereby prevent damage to the components. 

 

In order to decrease the volume and weight of a DC-DC converter, higher switching 

frequency must be chosen. Increasing the switching frequency leads to increased 

switching losses which in turn reduces the converter efficiency [21]. Due to that, 

some auxiliary circuit will need to be included to improve the switching frequency 

and to reduce the electromagnetic interference (EMI) to the switch. Therefore, some 

LC resonant circuit will be needed.  

 

2.2.1    Method of Protection 

To protect the SMPS from overvoltage, instead of shutting down the system instantly 

when during fault, alternatively, a “crowbar” circuit may be used, where a thyristor is 

triggered if the voltage at the gate of the thyristor rises above the threshold voltage, 

putting a short circuit across the output, hence, clamping the output voltage low, with 

the current controlled by the current limit circuit. SCR is usually used as the in the 

circuit [22]. Figure 12 shows an example of crowbar thyristor circuit. 

 

 

Figure 12    Crowbar circuit 
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In Figure 12, the thyristor used is a Silicon-controlled rectifier (SCR). When the 

voltage at the input Vin exceeded the breakdown voltage of the zener diode, the 

voltage, Vz will flow through zener diode in reverse direction. If Vz  is more than the 

threshold voltage of the SCR, the SCR will be triggered. Hence, the output voltage, 

Vo will be shorted. By using this method, the system can still operate even when the 

voltage has exceeded the limit. 

 

For overcurrent protection, normally circuit breaker and fuse will be used to protect 

the circuits. However, in this project electronics component will be used to protect the 

circuit from overcurrent. 

 

The normal method of providing current limiting in a power supply is to provide an 

output current sensor driving a feedback path that is used to control the output 

current. When the output current is below the critical threshold level, the feedback 

does not affect the output current, but above the threshold, a high resistance path is 

introduced into the circuit to control the current.  

 

 

Figure 13    Flyback converter with overcurrent protection 

Theoretically, the current sensor will be feeding the switching components of the 

flyback converter to limit the current transferred to the secondary winding of the 

flyback transformer as shown in Figure 13. When the current i2 flows through the 

current sensor, the current i2 will be compared with the reference current. If i2 is less 

than the reference current, the frequency of the current feeding the gate of Q1, ig will 

 
 
   Q1 

   ig 

   L1    L2 
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be reduced to limit the amount of current transferred to the secondary winding, L1. 

 

 To improve the switching frequency and to reduce EMI; which is mainly contributed 

by resonance [23] to the switch, zero current switching (ZCS) and zero voltage 

switching (ZVS) can be used and combined together. The ZVZCS means mixed 

operation of ZVS for leading-leg switches and ZCS for lagging-leg switches [24]. 

ZCS topology is where the switch turns off at zero current. The peak resonant current 

flows through the switch but the peak switch voltage remains the same as in its 

switch-mode counterpart.  

 

 

 

Figure 14    Example of ZCS in Flyback Converter 

Figure 14 shows a ZCS in a flyback converter. The circuit can be divided into two 

sections. The first section is a conventional flyback converter. It is responsible for 

transferring power to the load. The converter comprises of a transformer, a switch Sm, 

a diode D1 and an output filter Co.  The second section comprises of the auxiliary 

diodes D2, D3, the resonant inductor Lresonant, the resonant capacitor Cresonant, and the 

auxiliary switch Sauxiliary. This section is the ZCS commutation cell to provide ZCS to 

the switch Sm. The auxiliary switch Sauxiliary in this section does not need the 

1
st
 section 

2
nd

 section 
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photocoupler or the pulse transformer as the isolated drive since both switches have 

common ground. So, the control circuit is simple [25].  

 

 

Figure 15    Example of ZVS-PWM in Flyback Converter 

ZVS topology is where the switch turns on and turns off at zero-voltage. ZVS in a 

flyback converter is shown in Figure 15. The main switch Sm and the other 

semiconductor devices in the design are operated at ZVS turn-on and turn-off 

condition except for the auxiliary switch, Sauxiliary. The auxiliary switch, Sauxiliary, 

operates at ZCS turn-on and turn-off condition. The ZVS-PWM flyback DC/DC 

converter has no additional current stress in comparison to the hard switching flyback 

DC/DC converter counterpart. The energy used to assist in the ZVS operation of the 

Sm is not dissipated, but is instead delivered to Vin [26]. 

 

The power stage diagram of the proposed ZVS-PWM flyback DC/DC converter is 

shown in Fig. 15. The circuit can be divided in two sections. The first section is a 

conventional flyback converter. It comprises a main switch Sm, a diode D1, an isolated 

transformer, and output filter capacitor Co. Lmagnetizing and Lleakage  are the magnetizing 

inductor and leakage inductor of the isolated transformer, respectively. This section 

performs the operation of the conventional flyback dc/dc converter. The second 

section is a ZVS-PWM commutation cell to provide the zero-voltage-switching on all 

semiconductors in the circuit of the first section. It comprises of the auxiliary diodes 
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D2, D3, the resonant inductors Lresonant, the resonant capacitors Cresonant, and auxiliary 

switch Sauxiliary, which are rated for a small power when compared to the output 

power. 

2.3    The Preliminary Design of the SMPS 

2.3.1    Number of Output 

Usually, +5 volt output is required for logic circuits, but frequently other voltage 

levels are required as well.  

 

The SMPS designed will be used for multiple loads which mean the output levels will 

be more than one.  However, regulation of all the outputs using a single converter is 

difficult [27]. 

 

In order to produce multiple outputs with a simple converter topology, flyback 

converter was chosen instead of forward converter. Besides, the arrangements of the 

components are simpler compared to other topologies and the output is isolated from 

the input. So, it is easier to design multiple outputs with flyback converter for low 

power applications. 

 

 However, the flyback converter is only applicable for DC input [28]. So, in order to 

provide DC input to the converter, the AC input must be rectified and then fed to the 

flyback converter.  

2.3.2    Full-Bridge Rectifier. 

In industrial applications where three-phase AC voltages are available, it is prefered 

to use three-phase rectifier circuits, compared to a single-phase rectifier, because of 

their lower ripple content in the waveforms and a higher power handling capability 

[29]. However, the rectifiers are the largest source of loss within switching power 

supplies [30]. So, it is important to choose the type of rectifier correctly. 
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Figure 16    Three-phase full-bridge rectifier 

From Figure 16, to construct a three-phase full-bridge rectifier, the number of diodes 

needed is 6 as for each phase there are two diodes running in positive and negative 

cycle respectively. As an example, when voltage at phase ‘a’ and phase ‘c’ are 

positive, the current from phase ‘a’ and phase ‘c’ will flow through D1 and D5 

respectively, to the load and come back through D6 which is at phase ‘b’.  

 

If the voltage at phase ‘b’  and phase ‘c’ are positive, the current from phase ‘b’ and 

phase ‘c’ will flow through D3 and D5 respectively, to the load and come back 

through D4 which is at phase ‘a’.  
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Figure 17    Three-phase full-bridge rectifier [31] 

Figure 17 shows the voltage and current waveforms of three-phase full-bridge 

rectifier based on the circuit shown in Figure 16. Vm is the peak of the phase voltage 

while ia is the phase current and id1 is the current flowing through D1. From 0 to
 

 
 , 

D5 and D6 are conducting so the load voltage is equal to the maximum voltage as 

shown in Eq. 3. From 
 

 
  to 

 

 
 , D6 and D1 are conducting resulting the same voltage 

at the load as the maximum voltage. From 
 

 
  to π, D1 and D2 are conducting.   
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                        (3) 

 

The average voltage for full-wave is as Eq. (4) 

 

    
     

 
                                                                                             (4) 

 

where solving 

 

       
 

  
                 

 

 

 
 

 

                                                        (5) 

 

yields 

 

      
 

 
  

   

  
                                              (6) 

 

 

In this project, the load of the rectifier is the flyback transformer. So, the load is of 

resistance-inductance (RL) type. For RL load, the average voltage will be different as 

now the inductance is present. 

The instantaneous output voltage of this rectifier is 

 

                  
 

 
       

  

 
             (7) 

 

The load current can be obtained by solving the Eq. (7) below 

 

 
  

  
                                 (8) 

 

which results to 

 

        
    

 
                

 

 
   

 

 
                                                 (9) 
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where Z is the load impedance given by 

 

                            (10) 

 

while  

         
  

 
                                                       (11) 
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CHAPTER 3 

METHODOLOGY 

3.1    Research Methodology 

 

 

 

 

 

 

 

 

Figure 18    Research methodology flow chart  
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Figure 18 shows the flow chart of the research methodology for FYP1 and FYP 2. 

The project started by researching to find the ideas of the project title given. It is 

important to understand the direction of the project to make sure that the project 

objectives and purposes can be achieved. 

 

After that, some important information is gathered by doing literature review. This 

stage is very important as it will determine the methods and solutions used in the 

designing process.  

 

After that, the designing process will be commenced. Along this process, the 

literature still needs to be reviewed to enhance the knowledge and increase the 

information in order to solve the problems. 

 

This process continues until the desired output is achieved. Once the result is 

obtained, it can be analyzed for conclusion. 

3.2    Research and literature review 

For FYP 1, the project focused on research by reading and comparing the information 

from the related journals and books about SMPS. Later, more literatures are reviewed 

to have a better understanding about it and also the protection method used.  

 

There was a lot of information gathered about SMPS including the topologies and the 

suggested converter type used for multiple loads. To protect the SMPS from 

overvoltage and overcurrent, several methods can be used. So, the best method to 

implement the multiple output voltage SMPS needs to be identified. 

 

The reading materials of the literature review consist of books and published journals 

and also lecture notes from a number of universities have been referred to gain some 

additional information. Some websites were also referred. 

 

FYP 2 is the continuation of FYP 1 and will be focusing on designing and simulation 

of the designed circuit. In order to get the correct output, the value of the components 

used need to be calculated.  
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Other than that, the selection of the components will also depend on the requirement 

of the circuit. As an example, the diodes for the rectifying circuit must be able to 

withstand high voltage up to 415 V. So, from the various types of diode, only the 

diodes that can withstand that amount of voltage will be chosen. In order to find the 

most suitable components, the datasheets of the components need to be referred.  
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3.3    Gantt Chart 

Table 2    Gantt Chart for FYP I 

 

Details Week 

1 2 3 4 5 6 7 8 9 10 11 12 13 

1. Title selection and confirmation              

2. Preparation of extended proposal              

3. Extended proposal submission              

4. Preparation for proposal defense              

5. Proposal defense and progress evaluation              

6. Preparation for Interim report              

7. Draft of Interim report submission              

8. Improve the Interim report              

9. Interim report submission              
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Table 2 shows the Gantt chart for FYP 1. For the first 2 weeks, the title of the project was 

selected and then confirmed with FYP 1 coordinator. Once the title was confirmed, 3 

weeks from week 3 to week 5 was given to prepare the extended proposal to be submitted 

to the supervisor.   The submission of extended proposal is on week 6 and the preparation 

for proposal defense was done on week 7. On week 8, the proposal defense was conducted 

and evaluated by the supervisor and also an internal examiner from Electrical and 

Electronics Engineering Department. From week 9 to week 11, an interim report was 

prepared and the submission is on week 13.  
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Table 3    Gantt Chart for FYP II  

Details 
Week 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1. Design the circuit and run the simulation                  

2. Preparation of progress report                  

3. Progress report submission                  

4. Preparation for ELECTREX                  

5. ELECTREX                   

6. Preparation for draft report and technical report                  

7. Draft of final report submission                  

8. Final report(soft cover) and technical paper 

submission 

                 

9. Preparation for viva                  

10. Viva                  

11. Final report (hard cover) submission                  
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Table 3 shows the Gantt chart for FYP II. It takes some times to familiarize with PSpice and 

for designing, even Multisim is used to run the simulation. However, due to student version 

of Multisim, only a limited number of components are allowed to be used for each circuit. So, 

Multisim is not suitable for designing a complex circuit such as the SMPS.  

 

By using PSpice, the rectifying circuit was simulated. Started from week 6, the preparation 

for the progress report is done by getting the results of the simulation while doing some more 

research on the components to be used.  

 

The progress report needs to be submitted on week 8 and continue on the preparation for 

ElectrEx that will be held on week 11. This exhibition was only for Electrical and Electronics 

Engineering students. For this exhibition, presentation should be done by the help of a poster 

and the simulation of the circuit. The evaluators will evaluate the project.  

 

On week 11 and week 12, the students are expected to prepare the draft of final report and the 

technical report to be submitted on week 13. On week 14, the final report (soft cover) and the 

technical report are to be submitted. Viva will also be held on week 14 on 20
th

 and 21
st
 of 

December 2012. The final report (hard cover) will be required for submission on week 17 

after the completion of the examinations. 

3.4    Software 

Throughout the project, the software like PSpice and Matlab are used to design and simulate 

the circuit. Matlab is needed to do the calculation of the value of the components used 

whereas PSpice is needed to do circuit design and simulation. Other than using PSpice, 

Microsim was also used. In Student Version of PSpice, the components available in the 

library are limited. So, in order to solve the problem, Microsim was used. 

3.5    Design and Simulation 

The next step after doing the literature review is the design stage. The SMPS will be divided 

into several parts. At first, the most important part which is the rectifying circuit will be 

designed. The designed circuit will then be simulated to get the output. Meanwhile, the 

expected output current at the load will be calculated using the formula of 3-phase full-bridge 
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rectifying circuit with RL load given by Eq. 9. The ampere-turns at primary and secondary 

winding are the same. 

3.5.1    Rectifying circuit 

Figure 19 shows the designed circuit for rectifying circuit. The output of this circuit will later 

be connected to the flyback converter. So, the rectified voltage from the rectifier can be 

controlled by using DC-DC converter. The simulation is done for a 3 phase full-bridge 

rectifier with the line-to-line voltage of 415 V and phase voltage of 240 V as shown in Table 

4. 

 

By knowing the input voltage is 240 V, the diodes used for the rectifying circuit should able 

to handle a minimum of 240 V. 

 

Figure 19    The Basic Rectifier Circuit 
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Table 4 shows the parameters for the circuit in Figure 19. The voltage sources are made to be 

120
0
 apart from each other in order to create 3-phase input.  

Table 4    The Parameters of the Rectifier 

Components 
Parameters 

 

Voltage source(VA, VB, and 

VC) 
Type : VSIN Frequency = 50Hz Vamp = 240V 

Diodes Type : 1N3900   

3.5.2    The Combination of Rectifier and Flyback Converter. 

Figure 20 shows the rectifying circuit was combined with a single output flyback converter. 

From this single output, the three outputs of the power supply will be derived. This method is 

used due to the unavailability of a transformer with three secondary windings in PSpice. The 

transformer shown in Figure 20 is the main transformer used for controlling the output of the 

flyback transformer. The maximum output voltage for the application of this SMPS is 24 V. 

So, as long as the voltage at the secondary winding is more than 24 V then it is acceptable. 

Therefore, the output of the converter at this stage is made to be halved of the input voltage.  

 

Figure 20    The Rectifying Circuit with the Flyback Converter. 
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Table 5 contains the parameters used for the circuit in Figure 20. Circuit in Figure 20 is the 

continuation of the circuit in Figure 19. So, some of the design parameters are already stated 

in Table 4 and are not going to be stated in Table 5. 

Table 5    The Parameters of the Rectifier and the Converter 

Components 
Parameters 

 

C1 Value  = 0.1F   

C2 Value = 10uF   

R1 Value = 10Ω   

M3 D = 0.5 TON = 5ms TOFF = 5ms 

Transformer, TX1 Coupling = 1 L1 = 1H L2 = 1H 

Diodes Type = D1N3900   

 

 

The value of the filter capacitor is calculated using the formula 

                                                                                                   

where Q = charge , C = filter capacitor size and V = voltage drop 

                                                                                               

Where I = current and t = time. 

So, by solving the integral in Eq. (13), the result is 

                                                                                                     

 

Therefore, by equating the charge, Q in Eq. (12) and Eq. (14), the value of the capacitance is 
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The magnetizing inductance of L1 and L2 of the transformer were made to be the same in 

order to make the calculations of the impedance become easier as the ratio of L1 and L2;  

N1:N2 is 1. 

From the circuit in Figure 20, when the switch, M3 is on, only the circuit at the primary side 

of the flyback transformer, TX1 is operating. So, the value of the resistor, R1 is calculated 

based on this operation. At steady state condition, where the DC voltage from the rectifier is 

steady, the capacitor C1 can be considered as open circuited as it is fully charged. So, only 

the resistor, R1 and inductor of primary winding, L2, will be considered for the calculation.  

By using the equation 

                                                                                                           

where  

                                                                                                   

the value of R1 and L1 will be obtained. 

 

The switch that controls the operation of the converter is controlled by a clock, DSTM1. The 

values of the components were calculated and chose to be suitable for the operation of the 

SMPS.  

 

Figure 21    The Rectifying Circuit with Three Outputs of Flyback Converter. 

L1      L2 
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Figure 21 shows the combination of the rectifier with the flyback transformer. The output 

voltage of the transformer is then cascaded with three similar transformers in order to obtain 

three different output voltages. The turns-ratio of all three transformers were made to be the 

same whilst the filter capacitor and the resistance at the output were calculated to get three 

different outputs. 

 

The value of C3, C4 and C5 were calculated using Eq. 12, 13 and 15 whilst the value of R2, 

R3, and R4 were calculated using Eq. 16 and 17.  

 

The parameters of the circuit in Figure 21 are available in Table 6. However, some of the 

parameters are already stated in Table 4 and Table 5. So, they are not stated in Table 6. 

Table 6    The Parameters of the Converter 

Components Parameters 

Capacitor  C3: Value  = 900uF C4: Value = 1000uF C5: Value = 900uF 

Resistor  

R2: Value = 67 R3: Value = 230 Ω R4: Value = 970 Ω 

R8: Value = 600Ω R9: Value = 600Ω R10: Value = 600Ω 

Transformer, TX2, TX3, 

TX4 
Coupling = 1 L1 = 1H L2 = 1H 

Diodes Type = D1N3900   
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Figure 22    The SMPS with Overvoltage Protection 

Figure 22 is the combination of previous circuit with a crowbar circuit to protect the SMPS 

from overvoltage. The crowbar circuit is connected in parallel with the circuit at L2 of main 

transformer, TX1. Table 7 contains the details and the parameters of the components used for 

the circuit in Figure 22. 

Table 7    The Parameters of The Crowbar Circuit 

Components Parameters 

C1 Value  = 1uF 

SCR, X2 Model = 2N1596 

R1 Value = 10Ω 

Zener Diode, D Type = 1N4620 

 

L1      L2 
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CHAPTER 4 

SIMULATIONS RESULTS AND DISCUSSIONS 

In this chapter, the results of the simulations will be discussed. The results will be divided 

into two sections which are result of the power supply and result of the protection circuit. 

4.1    Results of the Power Supply 

Under this subtopic, there are two parts which are results of the rectifier and the results of the 

flyback converter. Once both results are obtained, the next step of applying protection circuit 

to the power supply will be done. 

4.1.1    Results of Rectifier 

Figure 23 shows the voltage of the rectifying circuit before the ripples are filtered and 

smoothen by the filtering capacitor. 
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Figure 24    The source voltages and the output voltage 

The output voltage of the rectifier is measured to make sure that the designed circuit operates 

correctly and the output of it is the same as the expected output.  

 

239.965 V 
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Figure 25    The Output of the Rectifier after being Filtered 

With a capacitor of 0.1F, the ripples of the rectifier output can be smoothen to almost a 

straight line as shown in Figure 24. The capacitor size is chosen to be large enough to filter 

the ripples. The value of the capacitance is calculated using the equation in Eq. (14) and Eq. 

(15). 

238.969 V 
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Figure 26    The Comparison of the Rectifier and Flyback Outputs. 

From Figure 25, the Vrectifier is the output of the rectifier after it was filtered while Vflyback 

is the output of the flyback converter before the voltage is separated into three levels. V5 is 

the voltage waveform for the output of 5 V while V12 is the voltage waveform for the output 

voltage of 12 V and V24 is for 24 V output. As shown in Figure 25, the ripples of the flyback 

converter are quite big. However, after it is filtered after the second stage transformer, the 

ripples become smoother as shown in Figure 26 for 5 V, 12 V and 24 V. 
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Figure 27    The Outputs of the Converter 

As shown is Figure 26, the blue waveform is the waveform of 24 V output. The average 

voltage for 24 V output is around 24.3 V. It is good enough as it is 1.25% difference than the 

required voltage. The red waveform shows the voltage of the converter for 12 V output. The 

average of the voltage is around 12.131 V. The percentage of difference is about 1.1%. The 

third waveform which is in green color is the output voltage waveform for 5 V. The average 

voltage is 5.03 V and it is about 0.6% difference.  

4.2    Results of Overvoltage Protection 

Overvoltage usually occurs at the secondary winding of the transformer when the switch is 

on. It is because during that time, the rate of change of the voltage over time is very high.  

5.03 V 

12.131 V 

24.3 V 
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Figure 28    Overvoltage at the Secondary Winding of the Transformer before 

Implementing Crowbar Circuit 

Referring to Figure 27, during overvoltage, the voltage might be exceeding 1kV and this 

much of voltage will surely damage the circuit. However, by implementing crowbar circuit at 

the secondary winding of the transformer, the overvoltage can be reduced to about 3V or 4V 

as shown in Figure 28. 
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Figure 29    The Voltage at the Secondary Winding of the Transformer with 

Crowbar Circuit  

The overvoltage is now reduced to less than 15 V. This shows that the crowbar circuit can be 

implemented for overvoltage protection.  

 

 

 

 

-12.489 V 
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CHAPTER 5 

CONCLUSION 

In the end, the expectation of the SMPS to have three output levels which are 5V, 12V and 

24V are met. In this project, overvoltage protection is installed in AC-to-DC Switched Mode 

Power Supply (SMPS). The SMPS is developed by combining a 3-phase full-bridge rectifier 

with a flyback converter. With isolated SMPS topology, the multiple output level can be 

obtained by using three sets of secondary winding. The crowbar thyristor circuit is used to 

protect the circuits from overvoltage. After crowbar is configured to the SMPS, the 

overvoltage that had exceeded 240 V is reduced to 12.489 V. This shows that the crowbar 

circuit configured to the SMPS is working. 
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APPENDIX A 

DIODES’ DATASHEET 

For 1N3900  

 

 
 
App. A1 The Maximum Rating of the Diodes. 

 

 

 
 

App. A2 The Electrical Characteristics of the Diodes. 
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APPENDIX B 

MOSFET’S DATASHEET 

For BSS 139 

 

 
App. B1 The Maximum Rating of the MOSFET. 

 

 

 


