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ABSTRACT 
 
 
 
 

 The boost converter is a type of the switched mode power supply which normally 

to step up the voltage since the voltage output is large than the input voltage. A simple 

boost converter consists of at least two switching components such as diode and 

transistor with combine to an energy storage element which is capacitor. As a DC to DC 

converter, the input of the converter must be a direct voltage and the output with also in 

range of direct voltage with higher than the voltage input and the switching component 

control the operation of the converter with the capacitor as the energy storage and the 

added component is used for filtering purpose. The objective of this project mainly to 

feed the load of inverter for 3-phase AC motors which is for 300W application and able 

to supplied the constant voltage output from an AC input voltage. As the scope of this 

project, the chapter covered as much as to design a boost converter which has power 

factor correction to be feed on the 3-phase inverter.  

 

 

 

 

 

 

 

 

 

 
 

 
 
 



viii 
 

ABSTRAK 
 
 
 
 

 Penukar rangsangan adalah jenis peningkat voltan yang menghidupkan bekalan 

kuasa yang biasanya untuk meningkatkan voltan yang mana voltan keluaran adalah 

besar daripada voltan input. Penukar rangsangan mudah terdiri daripada sekurang-

kurangnya dua komponen bertukar seperti diod dan transistor dengan menggabungkan 

elemen penyimpanan tenaga seperti kapasitor. Sebagai DC ke DC converter, input 

penukar mestilah voltan langsung dan output dengan juga dalam julat voltan langsung 

dengan lebih tinggi daripada voltan input dan penukaran komponen kawalan operasi 

penukar dengan kapasitor sebagai simpanan tenaga dan komponen yang ditambah 

digunakan untuk tujuan penapisan.Objektif projek ini terutamanya untuk memberi 

bekalan kuasa kepada beban penyongsang 3 fasa bagi permohonan kuasa 300W dan 

boleh dibekalkan voltan keluaran malar daripada voltan input AC. Berdasarkan skop 

projek ini, bab ini meliputi sebanyak merekabentuk penukar rangsangan yang 

mempunyai pembetulan faktor kuasa untuk digunakan sebagai bekalan kuasa bagi 

penyongsang 3-fasa. 
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CHAPTER   1 
 

 
 

 
INTRODUCTION 

 
 
 
 
1.1     Project Introduction                                                                      

 
 
 A 3-phase AC motor is widely used in many applications such as compressor, 

pump, conveyer, industrial drives and the added with software interfacing will ensure 

the ideal advantages of the 3-phase AC motor. In practice, most of these drives are based 

on ac induction motor because these motors are rugged, reliable, and relatively 

inexpensive. The proposed technique on this project are based on single phase to three 

phase conversion that was applications in rural areas and also in industries where three 

phase equipment or motors are to be operated from the easily available single phase 

supply [1]. 

 
 

These converters are excellent choice for situations where three phase power 

supply is not available. This needs a strong, efficient and cost effective with high quality 

single phase to three phase conversion. The added advantage over the single ac motor is 

that the three phase motor is more efficient and economical than the single phase motor. 

Advanced PWM techniques are employed to guarantee high quality output voltage with 

reduced harmonics and sinusoidal input current irrespective of the load. The boost 

converter with power factor correction is used to obtain the voltage ouput at constant 

390V and typically for 300W for the load drive of continuous conduction mode. 
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1.2 Objective of the Project 

 
 
 The aim of this project is mainly to feed the load of inverter for 3-phase AC 

motors for the motor drive by using a single AC source. The main objectives are stated 

as follow:  

 
a) To design a boost converter with having the power factor controller. 

b) To test the designed converter for verification. 

 
 
 
 
1.3 Problem Statement 
 
 
 Nowadays most of the installed AC motor was fixed to a certain level of speed and 

unstable to the load of the motor that distorted and changed at some level of speed. The 

changing cost is high when there is need of another replacement due to the speed 

requirement on the load sides. Besides, the speed of 3 phase AC motor installed is 

unable to monitor. 

 
 
 
 
1.4 Scope of the Project  

 
 There have several scopes on achieving the objective mention and covered as 

much as the aspect of the project designs on finding the suitable method to be used. The 

development of PC based on frequency inverter for three phase AC motor is needed to 

be fed with the DC power supply, which is the used of boost converter alongside the 

power factor correction availability. At this rate, the main scope of this project is to 

provide the DC supply from an AC supply on the socket wall. The power factor 

correction controller is the used to verify the 300W that are used on the output stage 

with the nearly constant voltage output as well.  



 

 

CHAPTER   2 
 
 
 
 

LITERATURE REVIEW 
 
 
 
 

2.1 Introduction 

 
 
 In this chapter, the basis theories of continuous conduction mode of boost 

converter alongside the architecture of the 3-phase induction motor will be reviewed. 

The switching scheme, power device and control technique are described. 

 
 
 
 
2.2 Converter 

 
 
 Converter in power electronics field is an electrical device that converts power 

from of an electrical signal or power source, by converting it from one form to another. 

Generally, converter can be classified to 4 categories which are a rectifier, inverter, 

chopper and cycloconverter. Converters are used for applications such as rectification of 

AC to DC, or an inversion from DC to a controlled frequency of AC to supply variable 

speed AC motor, interfacing DC power sources to AC distribution systems such as 

photoelectric devices and also productions of DC from AC power for subway and for 

controlled DC voltage for speed control of DC motor in various industrial applications 

and etc [2]. 

 



 

2.3 Continuous Conduction 

 
 
 In continuous conduction mode, the boost power stage assumes

states per switching cycle. In the on state, 

Switch is off and Diode

equivalent circuit with voltage as the references.  

 

Figure 2.1

 
 

In continuous

inductor never goes to zero between switching cycles

below figure show the graph of the current.

 
 
 

 
Figure 2.2

 
 

At the ON-state, 

across the inductor, which 

during a time period (t) by the formula:

 

Continuous Conduction Mode 

In continuous conduction mode, the boost power stage assumes

switching cycle. In the on state, Switch is on and Diode

and Diode is on. The figure below has shown the simple boost c

equivalent circuit with voltage as the references.   

 

 
Figure 2.1 Boost converter circuit diagram.

In continuous-conduction-mode (CCM) the current in the energy transfer 

inductor never goes to zero between switching cycles, as the current 

below figure show the graph of the current. 

Figure 2.2 Continuous conduction mode inductor c

state, switch S is closed, which makes the input voltage (

across the inductor, which cause a change in current () flowing through the inductor 

during a time period (t) by the formula:  

ΔIL
Δt � V

L 

                  

4 

In continuous conduction mode, the boost power stage assumes to be in the two 

Switch is on and Diode is off. In the off state, 

The figure below has shown the simple boost converter 

iagram. 

mode (CCM) the current in the energy transfer 

, as the current continuous and the 

inductor current. 

switch S is closed, which makes the input voltage () appear 

) flowing through the inductor 

                 (2.0)
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At the end of ON-state condition, the L increase as the increases of the inductor 

is calculated by the formula below: 

 

∆IL�	 �  1
L  � Vi dt � ��

�
DT
L  Vi 

                                      (2.1) 
Where: D is the duty cycle 

 
The duty cycle represents the fraction of the commutation period T during which 

the switch is ON. Therefore D ranges between 0 (S is never on) and 1 (S is always on). 

Meanwhile, at OFF-state condition, the switch S is open and the inductor current flows 

through the load. The voltage drop considered zero at the diode, and a capacitor large 

enough for its voltage to remain constant, the advancement of IL is given as: 

  

Vi − Vo � L dIL
dt  

                                                            (2.2) 
 
Therefore, the variation of IL during the OFF-period is: 

 

∆IL��� �  � �Vi − Vo�dt
L

�
��

�  �Vi − Vo� �1 − D�T
L  

                      (2.3) 
 

The inductor current has to be the same at the start and end of the commutation 

cycle due to the energy stored in the components. Therefore, the overall change current 

is zero as the equation below: 

 ∆IL�	 +  ∆IL��� � 0 
                                                   (2.4) 

 
Substituting ∆���� and ∆�����  by their expressions yields: 

 

∆IL�	 + ∆IL��� �  Vi DT
L + �Vi − Vo��1 − D�T

L � 0 

           (2.5) 
 
This can be written as: 
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Vo
Vi �  1

1 − D  
                                                                 (2.6) 

 
This in turn reveals the duty cycle to be: 

 

D � 1 − Vi
Vo 

                                                               (2.7) 
 

From the above expression it can be seen that the output voltage is always higher 

than the input voltage (as the duty cycle goes from 0 to 1), and that it increases with D, 

theoretically to infinity as D approaches 1. This is why this converter is sometimes 

referred to as a step-up converter. 

 
 
 
 
2.4 Power Factor Correction 

 
 

The power factor of an ac source is determined as the ratio between the real 

power and apparent power flow to the load in the circuit at the rate from 0 to 1 [6]. Real 

power is requirement power of the work at the exact time when the work being 

performed and apparent power is the feedback power given by the components circuit 

when the circuit operate. At some point, the apparent power may exceed the real power 

when the energy stored in the load and returned to the source, or due to a non-linear load 

that distorts the wave shape of the current drawn from the source. 

 
 
In an electric power system, the power factor problem can occur at in so many 

causes and the drawn current from the low power factor has increases the real power to 

be supply which also needs the large size of components. Therefore, the costs may 

remain the first priority on the charges from the utilities when the low power factor 

drawn by the consumer that normally the industrial or commercial sector. The domestic 

consumer is not count on the surcharge but the low power factor problem may affect the 
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equipment been used and also damage some of the other equipment that is sensitive to 

the distortion and some kind of problem cause by the low power factor. 

 
 
 
 
2.4.1 Power Factor Correction of Linear Loads 

 
 

The desirable power factor on the load is nearly unity or 1, when real and 

apparent power is in the same line. The angle between the two powers is 0, but due to 

the reactive power drawn by the components being use, the unity power factor is not 

achievable. Therefore, power factor correction may be applied by an electrical power 

transmission utility to improve the stability and efficiency of the transmission network. 

Individual electrical customers who are charged by their utility for low power factor may 

install correction equipment to reduce those costs. 

 
 

Power factor correction brings the power factor of close to 1 by supplying 

reactive power of opposite sign by adding the capacitors or inductors that act to cancel 

the inductive or capacitive effects of the load, respectively. In the electricity industry, 

inductors are said to consume reactive power and capacitors are said to supply it, even 

though the reactive power is actually just moving back and forth on each AC cycle. 

 

 

 
Figure 2.3 Capacitor Bank on the LV transmission Line. 
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2.4.2 Power Factor Correction in Non-linear Loads. 

 
 
 A non-linear load on a power system is typically a rectifier (such as used in a 

power supply), or some kind of arc discharge device such as a fluorescent lamp, electric 

welding machine, or arc furnace [7]. The current in these systems is interrupted by a 

switching action which containing the frequency components that are multiples with the 

power system frequency and create the harmonics distortion on the system. The 

distortion power factor describes how the harmonic distortion of a load current decreases 

the average power transferred to the load. 

 

 !"#$%#!$& '$()% *+,#$% �  1
√1 + ./0!1 �  �2,456� %7" 

              (2.8) 

 
            ./0! is the total harmonic distortion of the load current and assumes that the 

voltage stays undistorted (sinusoidal, without harmonics). This simplification is often a 

good approximation in practice. �2,456 is the fundamental component of the current and 

� %7" is the total current - both are root mean square-values. The result when multiplied 

with the displacement power factor (DPF) is the overall, true power factor or just power 

factor (PF): 

 

89 � 089 �2,456� %7" 

                                                                (2.9) 
 
 
 
 
2.4.2.1 Passive Power Factor Correction 

 
 

The simplest way to control the harmonic current is to use a filter which is 

possible to design a filter that passes current only at line frequency (e.g. 50 or 60 Hz). 

This filter reduces the harmonic current, which means that the non-linear device now 

looks like a linear load but the used of capacitor and inductor however to brings the 
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power factor will need to high current value of inductor and capacitor which is 

expensive and bulky. The design of passive power factor correction (PFC) is only used 

the passive components which are inductor and capacitor as the circuit below: 

 

 
 

Figure 2.4 A Passive PFC circuit requires only a few components [11]. 
 
 

The passive PFCs are typically more power efficient than active PFCs when used 

for switching computer PSU with typically around 96% for passive, while an active PFC 

has efficiency of about 94% [12]. Although pleasantly simple and robust, a passive PFC 

rarely achieves low Total Harmonic Distortion (THD) and also because of the circuit has 

operates at the low line power frequency of 50Hz or 60Hz. 

 
 
 
 
2.4.2.2 Active Power Factor Correction 
 
 
 The preferable type of PFC is Active Power Factor Correction and it a power 

electronic system that changes the wave shape of current drawn by a load to improve the 

power factor. The purpose is to make the load circuitry that is power factor corrected 

appear purely resistive (apparent power equal to real power) [9]. In this case, the voltage 

and current are in phase and the reactive power consumption is zero and that will be 

benefit to the efficiency of the used power by the consumer. 

 
 

The active power factor correction manipulates the switched-mode power supply 

(SMPS), which is the conversion of power in the other form. First the SMPS convert an 
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AC source to a DC bus, using a bridge rectifier or similar circuit. The output voltage is 

then derived from this DC bus. The problem with this is that the rectifier is a non-linear 

device, so the input current is highly non-linear. That means that the input current has 

energy at harmonics of the frequency of the voltage. Therefore the active PFC is use to 

compensate with the DC link by control the switching scheme. The common types of 

active filter are: 

 
1. Boost  

2. Buck 

3. Buck-Boost 

 
 

In the case of a switched-mode power supply, a boost converter is inserted 

between the bridge rectifier and the main input capacitors. The boost converter attempts 

to maintain a constant DC bus voltage on its output while drawing a current that is 

always in phase with and at the same frequency as the line voltage. Another switch 

mode converter inside the power supply produces the desired output voltage from the 

DC bus. This approach requires additional semiconductor switches and control 

electronics, but permits cheaper and smaller passive components. It is frequently used in 

practice. For example, SMPS with passive PFC can achieve power factor of about 0.7–

0.75, SMPS with active PFC, up to 0.99 power factor, while a SMPS without any power 

factor correction has a power factor of only about 0.55–0.65 [10]. 

 

 

 
Figure 2.5 An active PFC circuit produces low THD [11]. 
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Active PFC offers better THD and is significantly smaller and lighter than a 

passive PFC circuit. The reducing size and cost of passive filter elements, an active PFC 

operates at a higher switching frequency than the 50Hz/60Hz line frequency as the 

Figure 2.5 shown the active PFC. 

 
 
 
 
2.5 3-Phases Induction Motor 

 
 
 An induction or asynchronous motor is a type of AC motor where power is 

supplied to the rotor by means of electromagnetic induction. These motors are widely 

used in industrial drives, particularly polyphone induction motors, because they are 

robust and have no brushes. Their speed can be controlled with a variable frequency 

drive [3]. The advantage is that the three phase motor is more efficient and economical 

than the single phase motor. Also the starting current in three phase motor is less severe 

than in single phase motor. The following table provides comparisons of the benefits of 

AC and DC drive technologies. 

 
 

Table 2.1: Comparisons of the benefits of AC and DC drive technologies [4] 
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2.5.1 Features of Standard AC Motors 

 
 
 The squirrel cage induction motor is the electrical motor type most widely used 

in industry. This leading position results mainly from certain excellent features of the 

squirrel cage motor such as: 

 
a) Uncomplicated, rugged construction. For the user this means low initial cost and 

high reliability. 

b) Good efficiency coupled with low maintenance costs resulting in low overall 

operating costs. 

 
 

Squirrel cage motors are asynchronous induction machines whose speed depends 

upon applied frequency, pole pair number, and load torque. At a constant supply voltage 

and frequency, if the effect of temperature variations is disregarded, the motor torque 

will depend upon slip. At a positive slip, the squirrel cage machine will act as a motor - 

at a negative slip, as a generator. To reverse the machine's direction of rotation, the 

phase sequence to the motor must be changed. Assuming similar conditions, the phase 

current drawn by a squirrel cage motor will depend only on the slip. A motor running at 

synchronous speed will only draw minimum current. 

 
 
 
 
2.5.2 Frequency Controlled Squirrel Cage Motors 

 
 
 In order to use the polyphase AC motor as an adjustable speed device, it is 

necessary to control and adjust the frequency of the 3 f power applied to its terminals. 

The operating speed of the AC motor is determined by the following relationship: 

 

Shaft Speed �RPM� � 120 x Supply Frequency
2 x Pole Pair Number −  Slip �RPM�  

                        (2.10) 
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In frequency converter drives, squirrel cage motors are usually run within the 

range between the peak torques. The single-phase equivalent circuit of the motor, shown 

in Figure 2, can be used to obtain equations for the torque T, the peak torque Th and the 

slip Dnn corresponding to the peak torque. The equations are based on the assumption 

that the magnitude of the phase current I1, does not affect the voltage Ui. 

 

T � 3p Q R!
S1T 2 . RV2

ω2  . 1
XYZ1

[1\  1 + �LV2σ�1 

                                       (2.11) 

Th � 3p Q Ui
ω1T 2 . 1

2LV2σ 

                                                          (2.12) 

∆&_ � `′2
�′2b . 1

2 x ' 

                                                                   (2.13) 

 

 

 

 
Figure 2.6 Single phase equivalent circuit for squirrel cage motor [5] 

 
 



 

 

CHAPTER 3 
 
 
 
 

METHODOLOGY 
 
 
 
 

3.1     Introduction 

 
 

The consequences of the method that have been used are described on this 

chapter, where the technique of the project was discussed. The methodology consists of 

systematic study of methods that are, can be, or have been applied within a discipline on 

the project title. On this chapter, the aspect of boost converter with power factor 

correction (PFC) is discussed as to find the technical on the objective achievement. In 

General, the methodology can be defined as: 

 
a) Boost PFC characteristic: 

 
1. Power Components Selection. 

2. Feedback Arrangement. 

3. Input Voltage Sensing. 

4. Current Sense Network. 

 
b) Testing procedure: 

 
1. Start up at low line, full load. 

2. PF, THD, Efficiency at 110 Vac, full load. 

3. PF, THD, Efficiency at 230 Vac, full load.  
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3.2 Boost PFC Characteristic 

 
 

A boost converter (step-up converter) is a power converter with an output DC 

voltage greater than its input DC voltage. It is a class of switching-mode power supply 

(SMPS) containing at least two semiconductor switches (a diode and a transistor) and at 

least one energy storage element. Filters made of capacitors (sometimes in combination 

with inductors) are normally added to the output of the converter to reduce output 

voltage ripple. The designed boost converter has the capability to effectively drive a high 

power, universal line application. The impotency, it is designed to meet the following 

specifications: 

 
• Maximum output power: 300 W 

• Input voltage range: from 85 VRMS to 265 VRMS 

• Regulation output voltage: 390 V 

• Switching frequency: 65 kHz 

 
 
 The design of boost power factor correction is generic as the NCP 1654 

architecture recommended for the application between the 100 to 400W load power. 

Figure below show the reference schematic for the calculation: 

 

 

 
Figure 3.1 NCP 1654 schematic application for boost PFC [12]. 
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The source of the converter is an AC source of single line, therefore the bridge 

rectifier is used to get the DC output on the load side. The regulation voltage is the 

important on the circuit design which the main result is considered to obtain the power 

factor at the high value that nearly 1. The critical option may come from the reselected 

of the components to design and compensated the power switch for regulate the value of 

DC output to the constant value. The key principle that drives the boost converter is the 

tendency of an inductor to resist changes in current between the states of the operation 

switch on the switching schemes. A boost converter is used as the voltage increase 

mechanism in the circuit known as the 'Joule thief'. This circuit topology is used with 

low power battery applications, and is aimed at the ability of a boost converter to 'steal' 

the remaining energy in a battery 

 
 
 
 
3.2.1 Power Components Selection 

 
 

Basically, the coil, the bulk capacitor and the power silicon devices are 

dimensioned “as usually”, that is, as done with any other CCM PFC. This section does 

not detail this process, but simply states some key points.  

 
1. Coil Selection 

 
 

One generally selects the coil to limit the current ripple below a certain 

pre−determined level, for instance ±15% when the input current is maximum. The input 

current amplitude, Iin, is maximum at low line and high power. Hence, 

  

Ic	,def �  √2 P out, max
n . Veghh  

                                                                 (3.0) 
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Where Pout, max is the maximum output power, η the efficiency and VacLL the AC 

line lowest level. On the other hand, one could show that at the sinusoid top, the 

peak−to−peak ripple of the coil current is given by the following equation: 

 
√2 V+,
� .  *6i  �1 −  √2 V+,

V$j# � 

                                                                   (3.1) 

 
Where fsw is the operating frequency. Typically, one targets the peak−to−peak 

ripple between 10 and 50% of the AC line current maximum amplitude, Iin, max. 

Therefore if the targets a ±18% ripple at low line, i.e. Icoil, pp is 36%, the coil 

inductance, L, is given by the following equation: 

 
√2 V+,��

� .  *6i  k1 − √2 V+,��
V$j# l � 36 % √2 8 $j#, 7+o

& .  p+,��  

                            (3.2) 

 
Hence, the coil inductance is:  

 

� �  & .  p+,��1
0.36 .  *6i  .  8 $j#, 7+o  �1 −  √2 p+,��

p$j# � 

                                     (3.3) 

 
Finally, if one neglects the switching ripple of the coil current, its rms value 

equates the rms AC line current. In other words: 

  

�qrst,456 �  8 $j#
& .  p+, 

                                                                      (3.4) 

 
The maximum RMS current of the coil is then: 

 

�qrst,456,5uv �  8 $j#, 7+o
& .  p+,��  

                                                            (3.5) 
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2. Power Silicon Devices 

 
 

Generally, the diode bridge, the power MOSFET and the output diode will be 

placed on the same heatsink. As a rule of the thumb, one can estimate that the heatsink 

will have to dissipate around: 

 
• 6% of the output power in wide mains applications 

(92% being generally the targeted minimum efficiency) 

• 3% of the output power in European mains applications 

 
 

Among the sources of losses that contribute to this heating, there are listed as: 

 
i. The diodes bridge conduction losses that can be estimated by the following 

equation: 

 

8 w%! x) � 4√2
z  p*

p+,�� 8$j#
&  ≈ 1.8 p*

p+,�� 8$j#
&    

                     (3.6) 

Where Vf is the forward voltage of the ridge diodes. 

 
ii.  The MOSFET conduction losses, that if one neglects the current ripple, are given 

by: 

 

8r�,5uv �  `}~ �r�� . �8s�,5uvp+,�� �1 . �1 − 8√2 p+,��
3zp$j# � 

(3.7) 

 
iii.  The output diode conduction losses: (Iout ⋅ Vf), where Iout is the load current and 

Vf is the diode forward voltage. The maximum output current being nearly 0.77 

A (= 300 W / 390 V), the diode conduction losses are in the range of 0.77 W 

(assuming Vf = 1.0 V). 

 



19 

 

The diode and MOSFET switching losses are highly dependent on the diode 

choice, on the MOSFET drive speed and on the possible presence of some snubbering 

circuitry. Hence, their prediction is tough and inaccurate exercises that will not be 

calculate on this methodology. Instead, they are just assumed to be part of the power 

budget initially specified for the heatsink (6% of Pout in our case).  

 
 

3. Output Bulk Capacitor 

 
 

The bulk capacitance had to satisfy two requirements, which are the output 

double line frequency ripple and hold−up time. 

 
 

a) Output Voltage Ripple Requirement. 

 
The bulk capacitance always presents the voltage ripple of double line frequency 

(100 or 120 Hz ripple exhibited by the bulk voltage. The voltage ripple constraint 

requires that: 

 

C���� >  Pout
δV��,def  .  [ .����  

(3.8) 
 

Where Vpp, max is the maximum permissible peak to peak voltage ripple and ω is the 

AC line angular frequency. 

 
b) Hold up Time Requirement. 

 
If some hold−time requirement was specified, this would lead to the following 

additional constraint: 

 

C���� >  2P��� .  t��h�
V���21 − V���11 

(3.9) 
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Where Vout1 is the nominal output voltage, Vout2 is the minimum acceptable level 

of Vout, and tHOLD is the hold−up time. The Cbulk capacitance should be higher than 

the calculated value from above two requirements.  

 

c) Bulk Capacitor Heating. 

 
It must also be checked that the ESR is low enough to prevent the rms current that 

flows through it, from overheating the bulk capacitor. This rms current depending on the 

input impedance of the downstream converter that is not computed here. 

 
The calculation of the power components selected is referred to the formula as the 

table below: 
 
 

Table 3.1 Formula for selected power components of boost PFC. 
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3.2.2 Feedback Arrangement 
 
 
 The feedback arrangement is for the MOSFET’s applications where the feedback 

needed to generic the error of the on the system loop. This pin receives a feedback signal 

VFB that is proportional to the PFC circuits’ output voltage. This information is used for 

the output regulation, the overvoltage protection (OVP), and output under voltage 

protection (UVP) to protect the system from damage at feedback abnormal situation. 

When VFB goes above 105% VREF, OVP is activated and the Drive Output is disabled. 

When VFB goes below 8% VREF, the device enters a low−consumption shutdown mode.  

As shown by Figure 2.1 before, the feedback arrangement consists of: 

 

a) CFB, a filtering capacitor to avoid that some switching noise may be injected 

into FB pin. A capacitor ranging from 100 pF to 1 nF is traditionally 

implemented. 

 

b) RfbU1, RfbU2, and RfbL set output voltage. In practice, one generally implements 

more resistors as upper side feedback loop for safety consideration. Refer to 

Figure 1, given that Vout is a high voltage, an accidental shortage of the 

feedback resistor would destroy the controller. That is why it is better to have 

several series resistors instead of only one. 

  
First, there is need to choose the value of the lower resistor, RfbL. There is a 

trade−off between the noise immunity and the power losses when choosing RfbL. The 

value of upper resistor RfbU is then given by: 

 

R��� �  V��� −  VY��VY��  R��h 

(3.10) 
 

Where VREF is the internal reference voltage for Vout feedback (2.5 V typical) and 

RfbU = RfbU1 + RfbU2 is the total feedback resistor placed between Vout and FB pin. 
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The compensation controller is set by the value of CP, CZ, and RZ that were 

connected to Vcontrol pin acts as a type−2 compensation loop to set the regulation 

bandwidth. It is recommended to set the bandwidth below 20 Hz for an effective 

filtering of the 100 or 120 Hz ripple. If CZ is >> CP, the transformer of Vout to Vcontrol 

is state as: 

 Vg�	����V��� �  R��h  . G�� R�R��h + R���  .  1 + sR�C�sR�C� �1 + sR�C�� 

(3.11) 
 

Where GEA is the error amplifier gain. Then this compensation provides one 

original pole, one low frequency zero: 

 

f� �  1
2π .  R� .  C� 

(3.12) 
 

and one high frequency pole: 

 

f� �  1
2π .  R� .  C� 

(3.13) 
 

The calculation of the feedback arrangement is referred to the formula as the 
table below: 
 
 

Table 3.2 Formula for feedback arrangement. 
 

 
 
 
 
3.2.3 Input Voltage Sensing 
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 At the input voltage sensing, the important work of pin VBO and the pin 

connected a resistor network among the rectified input voltage, BO pin, and ground with 

connection of a capacitor between BO pins and ground. The BO pin detects a voltage 

signal proportional to the average input voltage. When VBO goes below VBOL, the circuit 

that detects too low input voltage conditions (brown− out), turns off the output driver 

and keeps it in low state until VBO exceeds VBOH. This signal which is proportional to the 

RMS input voltage Vac is also for overpower limitation (OPL) and PFC duty cycle 

modulation. 

 

 

 
Figure 3.2 Brown−Out protections [12]. 

 
 

Refer to Figure 2.2, the NCP1654 monitors the input voltage, Vin, which is the 

rectified AC line sinusoid for brown−out, over−power limitation (OPL), and PFC duty 

cycle modulation. This sensing circuit consists of: 

 
a) RboU (= RboU1 + RboU2 in Figure 2.1) and RboL are dimensioned to adjust the 

threshold of brown out protection. Because of the safety consideration, it is 

recommended to split this upper side brown out resistor into 2 or more resistors. 

 
b) CBO that forms a low pass filtering together with RboL to get the average value of 

input signal. A time constant in the range of around 5 times the Vin period 
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should be targeted to make Vbo substantially constant and proportional to the 

mean input voltage as the rule of thumb: 

 

V�� �  R��hR��h + R��� < Vc	 > 

(3.14) 
 

The NCP1654 starts to operate as Vbo exceeds 1.3 V and keeps operating until 

VBO goes below 0.7 V. The 600 mV hysteresis prevents the system from oscillating. As 

shown in Figure 2.2, before the device operates, Vin is kept at peak value of the input ac 

line sinusoid, Vac, that is, √2 Vac which leads to:  

 

V�� �  R��hR��h + R��� < Vc	 > �  R��hR��h + R���  √2Veg 

(3.15) 

 
After the device operates, Vin is the rectified sinusoidal input voltage, which 

average value becomes 
1√1

� Vac which leads to: 
 

V�� �  R��hR��h +  R���  2√2
π  Veg  

(3.16) 
 

First, the parameter of RboL. RboL should be relatively high impedance to limit the 

current within RboL and RboL and the associated losses. However, the given bias current 

of the brown−out comparator is 0.5 A maximum, it is recommended to set the current 

flowing through RboU and RboL to be in the range or higher than 5 _A at low line. 

 

Second, select RboU according to Vac,on, the minimum AC input voltage to start 

PFC, which comes from: 

 

R��� �  √2Veg,�	 −  V���V���  R��h 

(3.17) 
Third, select CBO to make the time constant be around 5 times TVin, the cycle 

time of Vin by: 
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C��  ≈  5 .  T�c	R��h  

(3.18) 
 

Fourthly, check Vac,off, the PFC brown−out off threshold of AC input voltage due 

to the ripple voltage on Vbo, the minimum value of Vbo is around: 

 

V�� �  K��  .  2√2
π  Veg .  �1 − f��3 .  f�c	�� 

(3.19) 
 

Where KBO is the scaling down factor of the BO network: 

 

K�� �   R��hR��� +  R��h 

(3.20) 
 
fBO is the corner frequency of the BO filter: 

 

f�� �  R��h +  R���2π .  R��h .  R��� .  C�� 

(3.21) 
 

The brown−out function turning off the device is when VBO, minimum equal to 

VBOL, the threshold voltage of brown out comparator, which leads to: 

 

K�� . 2√2
π  Veg,��� . Q1 − f��3 .  f�c	�T �  V��h 

(3.22) 
 
Hence , the Vac,off  is equal to:  
 

Veg,��� �  V��h
K�� . 1√1

�  Veg,��� . X1 −  ���
  .  �¡¢£¤\ 

(3.23) 
The calculation of the Input voltage sensing is referred to the formula as the table 

below: 
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Table 3.3 Formula of input voltage sensing for NCP 1654. 

 

 
 
 
 
 
3.2.4 Current Sense Network 
 
 
 This pin sources a current ICS which is proportional to the inductor current IL. 

The sense current ICS is for over current protection (OCP), overpower limitation (OPL) 

and PFC duty cycle modulation. When ICS goes above 200 _A, OCP is activated and 

the Drive Output is disabled. The current sense circuitry consists of: 

 
 

a) A current sense resistor RSENSE. 
 
 

The resistor is free select and implement on the current sense resistor, RSENSE but 

need to choose a second resistor RCS to adjust the over current threshold. If one neglects 

the ripple current, maximum RSENSE losses can be estimated by the following 

equation: 

 

PR¥�¦¥�, max �  R¥�¦¥� . � P���,defn .  Veghh�1 

(3.24) 
 
       As a rule of the thumb, one can choose RSENSE so that its dissipation does not exceed 

0.5% of Pout,max. This criterion leads to: 

 

R¥�¦¥� ≤ 05% . �n .  Veghh�1
P���,def  

(3.25) 
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b) A resistor RCS that sets the current limit threshold. 

 
 
Simply select RCS in order to set the desired over current limit: 

 

R¨¥ �  R¥�¦¥� . Ig�c�,defI¥��¨��  

(3.26) 
 

Where Icoil, max is the maximum coil current IS(OCP) is the internal over current 

protection threshold (200uA typical). To keep the design margin, it is recommended to 

use the minimum value of IS(OCP), 185uA to design RCS. 

 
 

c) A resistor RM that adjusts the PFC stage power capability and a capacitor CM. 

 
 

The RM adjusts the maximum power the PFC stage can supply given the chosen 

output voltage level. The following equation is use to select RM:  

 

R© � 70% . n 2πR¨¥ .  ∆V¨�¦�Y�h .  VY��
√2R¥�¦¥� K�� V���hh P���,def

 . Veghh 

(3.27) 
Where: 

- ∆VCONTROL is the operating range of Vcontrol (3 V). 

-VREF is the internal voltage  reference (2.5 V). 

-VacLL is the lowest level of the AC line rms voltage.   

-Pout,max is the maximum output power with η is the efficiency of  VacLL and Pout,max.  

-KBO is the scale down factor betweenVin and VBO. 

-VoutLL is the output voltage corresponding to VacLL in full load conditions. In traditional 

mode, VoutLL is the targeted regulation level (390 V in general). 

-70% is to take into account the im dispersion. 

      For a correct filtering of Ics, the time constant (RM .CM) should be taken in the 

range of 5 times the operating cycle period, i.e. 5. 1/fsw. This time constant is large 
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enough to filter the switching ripple and low enough not to distort the low frequency 

component, that is the 100 or 120 Hz rectified sinusoid. Hence: 

 

C©  ≈ 5 . 1
R©f«¬ 

(3.28) 
 

The calculation of the Current Sense Network is referred to the formula as the 
table below: 
 
 

Table 3.4 Formula of current sense network for NCP 1654. 

 

 

 
 
 
 
3.3 Testing Procedure 

 
 
 The load of the output boost PFC is needed to be verified via the testing of the 

power and other parameters related to the power control at a given load. As the 

procedure of testing equipment of the PFC, therefore the test is divided to different level 

of supply voltage to check the correction of the boost converter as a given supply varied 

from low voltage to full voltage of the supply. The testing diagram is placed as the 

Figure 3.3.  
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Figure 3.3 Testing diagram of the boost PFC. 

 
 
 
 
3.3.1 Test 1: Start up at low line, full load 

 
 
Test conditions:  

 1. SW1 and SW2 close SW3 open. (output load is full load)  

 2. AC input: 85 Vac, 50 Hz  

 3. Vdc value of 15 V dc source applied to TB3 to enable the operation.  

 

Test criteria:  

 - V
OUT 

should be in the range from 378 V to 401 V.  

 - Input current should be sinusoidal without distortion, which is measured by 

oscilloscope.  

 - PF > 0.99  

 - THD < 10%  
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3.3.2 Test 2: PF, THD, Efficiency at 110 Vac, full load 

 
 
Test conditions:  

 1. SW1 and SW2 close SW3 open. (output load is full load)  

 2. AC input: 110 Vac, 50 Hz  

 3. VDC of 15 V dc source need to be applied to TB3 to enable the operation.  

Test criteria:  

 - V
OUT 

should be in the range from 378 V to 401 V.  

 - PF > 0.99  

 - THD < 10%  

 - Efficiency > 94 %.  

 
 
3.3.3 Test 3: PF, THD, Efficiency at 230 Vac, full load 

 
 
Test conditions:  

 1. SW1 and SW 2 close, SW3 open (output load is full load)  

 2. AC input: 230 Vac, 50 Hz  

 3. Use 15 V dc source applied to TB3 to enable the operation.  

 

Test criteria:  

 - V
OUT 

should be in the range from 378 V to 401 V.  

 - PF > 0.98  

 - THD < 10%  

 - Efficiency > 97 %.  

 

 

 
 



 

 

CHAPTER 4 
 
 
 
 

RESULTS AND DISCUSSIONS  
 
 
 
 
4.1 Introduction. 
 
 

At the end of the project, the objective of the project should be the most item 

need to be considered as achieving the goal. The title of the project, development of PC 

based on frequency inverter for 3-phase inverter is able to be applied as the input from 

the boost converter with power factor correction (PFC) is complete. On the result 

review, there is divided into two main views which is: 

 

 i. Simulation on the Boost with Power factor correction scheme. 

 ii. Hardware development 

 

The result covered the scope of the project been specific at the chapter 1, 

therefore the added of the scope or other than the scope range are not considered as the 

main result, and that might be the outcome from the research only and not been included 

on this paper. However, the result consisted the part of simulation that is related but not 

specific on the components been used on the hardware level due to the lack of the 

libraries and part of the simulation tools.   
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4.2 Simulation of Boost converter with Power Factor Correction (PFC) 

 
 
 The simulation has used the PSim provided by Powersimtech Corporation which 

is a kind of simulation software, with the programmer are able to design a circuit and 

simulate with the lab view on the PSim software. The simulation has followed as the 

Figure 4.1. 

 

 

Figure 4.1 Power stage of switch mode power supply (SMPS) for Boost. 

 
 

The boost converter, then applying the control circuit of the switching for 

compensated with the MOSFET’s application. Where, the system operate in the closed 

loop system as the feedback from the load current is needed to generated the correction 

factor to feed as pulse width modulation on the MOSFET.  

 

 

Figure 4.2 Boost PFC circuit diagram view on the PSIM software.  
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The simulation control on the circuit, control the simulation time been view as 

the simulation referred the time been added to the control. As the time put as 1 second, 

therefore the output for the simulation as follow: 

 

 

Figure 4.3 Output of the boost PFC with Vdc, Vin and Idc. 

 

The specification of the simulation components as specific as:  

 

 1. Vin, sinusoidal = 200 Vac 

 2. RL, as the R load = 144 Ω 

 3. LBoost, inductor = 470uH 

 4. CBulk, capacitor = 0.1F 

 

FFT analysis has performed as to check the distortion on the voltage at the input and, the 

result as follow:   

 

Figure 4. 4 FFT analysis of the input voltage of the circuit. 
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4.3 Hardware Development 

 
 
 On the hardware review, the boost converter with power factor correction is 

design as the Figure 4.5. The IC’s selected on the circuit is NCP 1654 which is having 

the specification of the boost PFC and also consist of benefit as:  

 
• Inrush Currents Detection 

• Overvoltage Protection 

• Under voltage Detection for Open Loop Detection or Shutdown 

• Brown−Out Detection 

• Soft−Start 

• Accurate Over current Limitation 

• Overpower Limitation 

  

The NCP1654 is a controller for Continuous Conduction Mode (CCM) Power 

Factor Correction step−up pre−converters [13]. It controls the power switch conduction 

time (PWM) in a fixed frequency mode and in dependence on the instantaneous coil 

current. It is housed in a SO8 package, the circuit minimizes the number of external 

components and drastically simplifies the PFC implementation. It also integrates high 

safety protection features that make the NCP1654 a driver for robust and compact PFC 

stages like an effective input power runaway clamping circuitry. The features as:  

 

• IEC61000−3−2 Compliant    (Note: see Appendix E) 

• Average Current Continuous Conduction Mode 

• Fast Transient Response 

• Very Few External Components 

• Low Operating Consumption 

• ±1.5 A Totem Pole Gate Drive 

• Accurate Fully Integrated 65/133/200 kHz Oscillator 

• Latching PWM for cycle−by−cycle Duty−Cycle Control 
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Figure 4.5 Boosts PFC with NCP Drive for 300W application load. 

 

 

 

 
Figure 4.6 Hardware installations on the board without IC controller. 
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The above Figure 4.6 is the hardware installation on the board for the project 

without the IC controller NCP 1654 as the power stage. The NCP 1654 is a mount 

surface, therefore is needed an adapter to be fit on the parallel board afterward. The 

installation consists of power stage, from the AC inlet to the EMI filter and then 

connected to the boost inductor and fed on the rectifier circuit.  The results of the circuit 

are without the controller interrupted and therefore, the only outcome of this circuit is 

the value of the output at the end of the terminal output DC. Figure 4.7 show the result 

on the volt measurement on the terminal output DC on the TB3. 

 

 

 
Figure 4.7 Measurements on the Output Terminal TB3. 

 

  

On the measurement, the value of the output DC is 333 Vdc which rectified from 

240 Vac in single phase source of the socket outlet. The power stage of this board is 

working as the output is constant and without disturbance due to the non-load test 

measurement and also the EMI used on the incoming side of the circuit. The limited of 

measurement to only on the voltage output which the main important point as the 

MOSFET switching has been used.  
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On the second stage, the circuit is closed loop with the installation of the NCP 

1654 on the board, with the IC propose as the controller of all the circuit as refer to 

Figure 4.8 below. 

 

 

 
Figure 4.8 Full specification of boost PFC installed. 

 

 The circuit however is not compensated as the calculation and the value of the 

output voltage at output terminal is constantly same as the first stage. At same level, the 

controller is not on the operation mode due to same factor or problem occurs on the 

circuit installation. The non operation mode of the IC resulted on the apparent of 

constant output voltage as the regulation of the AC-DC rectifier on behalf of the power 

stage as elaborate on the Figure 4.7 before.  

 
 
 At the range of oscillation control parameter test, the disappointed misfortunes 

occur on the process. The first touches of the oscilloscope on the ground have suddenly 

increases the current and blow the 5A fuse with also bust the Rsense. Therefore, 

consequently point to the end of the process and the trouble shooting is following on the 

line. 
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The boost converter combine with the power factor correction was become the 

efficiency type of SMPS that are able to demonstrate the power in linear regulation 

either interrupted by the supply or the load. The boost circuit specific offers from the 

NCP 1654 given an opportunity to maintain the output voltage Vout to whenever the rms 

input voltage Vac is lower. The power electronics switching operate by the MOSFET, 

SPP 20N60S5 was design to control the switching scheme to specific order from PWM 

generate from the NCP 1654 as the sense of voltage and current on the power stage. The 

power factor controller is sense by the Vcontrol on the NCP 1654 where, the bandwidth 

is controller to near unity power factor at below 20 Hz and the soft start begin at the 

moment till reach it maximum power.  

 
 
  An EMI elimination circuit is the main important consideration on the factor 

that effect to the output voltage on the boost converter. The interruption from the 

induction or the external source may affect the power factor as well. On this project, the 

EMI is subject to remove by the additional circuit filter at the incoming AC inlet. The 

other contemplation point is the testing method, where the point of view is stress on the 

power factor (PF), total harmonics distortion (THD) and the voltage output when the 

supply drop with the variable of load switching.  The consisted components are rate at 

several to maximum 8 Ampere, therefore the precaution on the hazardous current much 

occur as to respect all the components and always switch off the supply when operate 

the wiring or trouble shooting.  

 
 

Table 4.1 Reading Value of Current and Effects 

 
Condition Reading Effects 

Safe current value 1mA - 8mA Bearable to control 

Unsafe current value >8mA Cause to burn, or worst to 

fatal. 
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4.4 Troubleshooting 

 
 

The apparent result are not as expected due to the problems occurred to the 

circuit on the installations design. Therefore, the following lines describe the trouble 

shooting and procedure of implementation to the problem. 

 
1. Connectivity of the soldered board. 

 
 

As result of the fuse blow, the first expectation is on the short circuit that might 

happen between the connections on the board. Therefore, even before the supply is 

ON, the connectivity is count. The figure below shows the short circuit or jump 

current between positive and negative DC output resulted the fuse to blow. 

 

 

 
Figure 4.9 Short circuit between positive DC and negative DC. 

 

 

 

 

 

Positive 
DC 

Negative 
DC 
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4.5 Problem Encountered 

 
 

The high power of boost converter required the high speed of switching which is 

unable to select the small components of inductor. Therefore, the value of boost inductor 

much equivalent with the current on the coil and able to bear with the selected switching 

frequency. On the selected switching frequency, the whole aspect of the components is 

considerate as the contribution on the factor of which of the controller is suitable. 

Therefore, the selection of the components required the theoretical aspect and put in the 

calculation method to verify the suitable and related value of the components selected.  

 
 
 On the other hand, the item selected is specific due to manufacturer output 

regulation and that will be limitation on the components selection. As time viewing, the 

selection of components is acquire some sort of time which can be as much as a month 

and the time occupied alongside the ordering to delivery plot.    

 

 

 



 

 

CHAPTER 5 
 
 
 
 

CONCLUSIONS AND RECOMMENDATIONS 
 
 
 
 

5.1 Conclusions 

 
 
 
 

Application of Power Electronics on the SMPS has given the opportunity to gain 

power with the use of a fixed input even for the biggest needed output. The boost 

converter has generated more power from the low input that to be used on the biggest 

output. At this paper, the boost converter is been used as the input for the frequency 

inverter for 3-phase AC motor drive. The boost PFC IC’s, NCP1654 is an ideal 

components in the systems where cost effectiveness, reliability and high power factor as 

the parameters. It incorporates all the necessary features to build a compact and rugged 

PFC stage such as Compactness and Flexibility with also featuring with safety 

precaution on the system by attempted with under voltage Protection for Open Loop 

Protection or Shut down. 

 
 
 This project surely ensure the profitability in term of power used and the major 

problem of power factor are neglected as the power factor is controller and the 

harmonics distortion of the system under the relative small value. Interruption of the 

supply might not be the main cause to consider either from the load itself, the circuit has 

what it is necessary to overcome the problem on the circuit since the problem is in range
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 of it capability of interchange. Therefore, the boost power factor correction is the most 

efficiency of SMPS type where the load is given at the nearly unity power factor with 

able to feed on the 300 W application.  

 
 
 
 
5.2 Recommendations on the Future Design 

 
 
 Future recommendation on the design should be able to develop the PC based on 

frequency inverter for 3-phase AC motor, since at this point the development of 3-phase 

inverter are not been applied due to time and cost involve on this matter. The boost 

converter with PFC is integrated with the overall system to achieve the target and able to 

perform as the source for the 3-phase inverter to be supply the 3-phase AC motor. The 

testing and refund the limitation of the boost converter to be verified with the high 

power application with the lowest cost involve by using the NCP 1654 as the controller.    
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APPENDIX A 

 

 

 

 

NCP 1654 Data Sheet 
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APPENDIX B 

 

 

 

 

Power Inductor GA1399-AL Sheet 
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APPENDIX C 

 

 

 

 

Power Transistor SPP20N60S5 Data Sheet  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



56 

 

 



57 

 

 



58 

 

 



59 

 

 



60 

 

 

 

 

 

 

 

 

 

 

 



61 

 

APPENDIX D 

 

 

 

 

GBU8A-GBU8M Bridge Rectifier Sheet 
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APPENDIX E 

 

 

 

 

EIC 61000-3-2 compliant sheet 
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