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 Abstract: 

Power electronics based power systems are being increasingly considered for transportation systems 
such as land, sea/undersea, air, and space vehicles due to their advantages in efficiency, 
performance, flexibility, and power density. In order to have superior performance, the rectifier-
converter systems need to be rigorously regulated.  The DC power supply is ingredient part in the 
automotive industries because it has been used as a DC power supplies for a wide range of loads. 
Meanwhile, it is mandatory for battery charging.  These types however, cause many problems such as 
poor power factor, high input current harmonics distortion and uncontrolled DC voltage. 
In this paper, an improved input power factor correction with low input current total harmonics 
distortion  that uses  a combined control system consists of two nested loops with a feedback of the 
DC voltage and input current as long as a feed forward from the output power.  The system has been 
analyzed, modeled, simulated and experimentally verified. 
The novel feature of the proposed control scheme resides in fact that it is not only achieve nearly 
unity power factor with minimum input current total harmonics distortion only but it also introduce 
superior performance in DC  voltage transient conditions.  

 
 Keywords: 

Rectifier; Power quality; DC voltage regulation; transient response 
 

 
 

 

© copyright FACULTY of ENGINEERING – HUNEDOARA, ROMANIA 113 

 INTRODUCTION 
 

With the growing of electrical power demand 
and introducing of 42 volt systems in modern 
vehicles, new factors should be considered in 
ordered to cope with the new standards. [1,2] 
At present the diode rectifiers along with their 
traditional voltage regulators are dominant in 
most vehicles. Those systems although they have 
the advantages of being economical and reliable 
but they have some problems including: 
1. High alternator current total harmonics 

distortion. 
2. Low input power factor. 
3. Poor DC voltage transient performance. 

These problems could be more significant with 
the upcoming higher voltage such as 42 V 
systems. [3,12] 
Trying to overcome those problems the active 
current wave shaping using a single switch boost 
converter will be used in this paper based on the 
proposed control combined control system. 
The focus of this paper is on the analysis and 
modeling of the proposed circuit concentrating 
on DC voltage transient response and alternator 
power quality. Also the effect of the control 
circuit design on the system transient 
performance will be studied.   Then the circuit 
had been simulated using the produced model 
and an experimental prototype had been built 
and tested. The experimental results confirm the 
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validity of both mathematical study and 
simulation results.  

 
 PRINCIPLE OF OPERATION 

 
This circuit type was explained severally in 
literature.  So, we will focus on the basics of this 
type. Fig (1) shows the proposed system block 
diagram including the vehicle alternator, full 
wave rectifier and boost converter. 
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Fig 1.Overall system block diagram 
  
The boost converter power circuit that consists 
of boost inductor L, boost switch S, boost diode 
D and boost capacitor C as shown in Fig. (2). 
 

 
Fig 2.Boost converter power circuit 

   
With continuous conduction, the voltage of the 
node connected between the transistor and 
reactor   is equal to the input voltage  
when transistor is on and the output voltage  
is equal to  when the transistor is off. 
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The boost converter has two modes of 
operation. 
 

 
Fig 3.Boost converter modes of operationt 

Mode (1) when the boost switch (S) is turned on 
as explained in Fig. (2), the inductor current 
builds up and the energy is stored in the 
magnetic field of the inductor.   At this time the 
boost diode (D) is off and the capacitor (C) 
supplies power to the load. 
Mode (2) when the boost switch is turned off and 
the stored energy in the inductor together with 
the energy coming from the AC supply is 
pumped to the output circuitry consists of the 
capacitor and the load. 
In mode (2) 

0=−− o
in

in V
dt

dI
LV                        (2) 

The control system consists of two nested loops, 
the outer is to control the DC output voltage and 
the error produced from this loop is multiplied 
by a sample of the input voltage to get the input 
current reference required by the inner current 
control loop as shown in Fig (4). 
In order to obtain a sinusoidal input current in 
phase with the input voltage the control system 
should act in such a way that Vin sees a resistive 
load equal to the ratio of Vin and Iin. This has 
been achieved by the already produced current 
reference to the actual current passing through 
the inductor. The error is then compared to a 
triangular waveform to generate the necessary 
boost switch gating signal. 
In this way the error is forced to remain between 
the maximum and minimum of the triangular 
waveform these results in that the inductor 
current follows the reference current very 
closely. Therefore, the inductor current is always 
restricted within the amplitude margin defined 
by the reference with the superimposed 
triangular waveform. 
 

 
Fig 4. Boost converter complete circuit diagram 

VX
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 BOOST CONVERTER DESIGN CONSIDERATION 

 
The power components of boost converter 
include the boost inductor Lb, the boost 
capacitor Cb, boost diode Db and the boost 
switch Sb as shown in Fig (2) which explains the 
boost converter circuit diagram.  The following 
design procedure will include two main 
elements which are the boost inductor and 
capacitor. The inductor of the boost converter 
should be chosen to minimize the current ripple. 
While the capacitor design is based on the 
permissible output voltage ripple [5]. 
There are two voltages controlling the inductor 
current. One is the rectified sinusoidal input 
voltage which is applied to one side of the 
inductor, and the other one is the voltage across 
the boost switch Sb, which varies between zero 
and Vo due to switching process and is applied 
to the other side of the inductor. The voltage 
that contributes to the ripple is the voltage 
across the switch. 
To consider the worst case for ripple, the duty 
cycle of the switch is taken to be 50% for this 
analysis. Based on the above assumption and 
considering that;  
Vs is the output voltage 
 Fsw is the boost switching frequency  
 I1r is the rms value of the fundamental       
component of current ripple at 50% duty cycle  

  

The following equation can be written:  

irbsws ILFV )2()2/4)(2/( ππ =             (3) 
Where; 

)2/4)(2/( πsV  is the rms value of fundamental 
component of switched voltage for 50% duty 
cycle. 

)2( bsw LFπ is the reactance impedance of Lb 
Considering that the maximum permitted 
amount of ripple is 5%, therefore, I1r = .05I, 
(where I is the rms value at 100Hz the inductor 
current). Then;  

 Lb = (1.433) (Vs) / (Fsw) (I)             4) 
To find the value of Cb for the desired output 
voltage, it can be noted that the capacitor-
resistor combination at the output of the 
converter acts as a low-pass filter for the current 
through the boost diode.   This current can be 
considered as being supplied by a current 
source Is, whose value is controlled by the 
output voltage controller.  Furthermore, Fourier 
analysis of the diode current shows that this 

current is of a sinusoidal nature, considering 
only its dc and fundamental components.    
Therefore; 

)2cos1( tKI s ω−≅     (5) 
The gain of the filter for the dc component of the 
current Is is Kv, where its gain for the ac 
component is; 
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Where r is the output voltage ripple, which is 
defined as the ratio of the peak to peak value of 
the ripple component to the dc component of 
the output voltage.  As a result, Cb can be found 
in terms of r to be; 

ωv
b rK
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)4( 2
12−

=    (8) 

Using equations (4) and (8) the main power 
elements of   boost converter can be determined 
[5]. 

 
 SIMULATION RESULTS 

 
In order to verify that the proposed control 
system performs as expected numerous 
simulations were conducted to investigate the 
system performance.  
Fig. (5) shows the system transient response at 
50% step load increase, the upper one is the 
output power and the  lower is the DC voltage 
using the proposed combined control system. It 
is clear that the system performance is highly 
improved compared to the same system using 
the DC voltage feedback only shown in Fig.(6) 
which arranged in the same manner as Fig. (5). 
From Fig. (7) it is evident that as the capacitor 
value increased the transient response is 
improved on the account of the initial cost.  So, 
this capacitor value can be chosen to maintain 
the transient response and minimize the initial 
cost. 
To study the system frequency response, a Bode 
plot is constructed for different control systems 
including open loop, DC voltage feedback and 
combined system as shown in Fig. (9). It is 
noticed that the system using either the DC 
voltage feedback or the proposed combined 
control system is stable and the later suppresses 
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very effectively the variation of the DC output 
voltage. 
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Fig  (5)  System transient response using the 

combined control system. Load power Upper 
trace & DC voltage lower trace 
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Fig (6) System transient response using the DC 
feedback only. Load  power Upper trace & Dc 

voltage lower trace. 
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Fig (7) Effect of capacitor value  
on the system response 
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Open loop system 

 

 
Feedback system 

 

 
Combined system 

Fig (8) System frequency response 

 
 EXPERIMENTAL RESULTS 

 
The boost converter had been built and tested.   
It shows a promising results,   considering the 
input current wave shaping  the attention has 
been paid to the input power factor 
improvement and the input current total 
harmonic distortion minimization. Those two 
points can be covered if the control system acts 
in a way that makes the input source sees the 
load as a resistive load. This resistive load will 
draw a current with a unity power factor and 
minimum input current total harmonic 
distortion. 

 

Fig (9) Boost switching device drive signal with 
input reference current. 

 
The output of the two nested loops control 
system is shown in Fig (9) which explains the 
boost converter switching device gating signal in 
addition to its input current reference.    It can 
be noted that; at the input voltage zero crossing 
area the on duty ratio of the boost switching 
device is approaching unity. While it is 
minimum at peaks of the input voltage 
waveform. 
To demonstrate the effect of the boost converter 
on the input current wave shaping the input 
current of the regular diode bridge rectifier is 
shown in Fig (10).  It can be noticed that input 
current is pulsed current out of synchronism 
with input voltage. 
The  boost converter AC  input  current  
waveform  with  the  input  voltage  is  shown  in 
Fig.(11).  The transient response improvement 
using the proposed control system is shown in 
Fig (12). The input current harmonic spectrum 
has been practically measured at three rectifier 
configurations. The first is the regular diode 
bridge rectifier THD is approaching 34%., the 
second is the boost converter using the 
conventional control system gave a total 
harmonic distortion around 3.5% and the last 
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one is the boost converter using the proposed 
control system The total harmonics distortion is 
highly reduced and becomes lower than 0.7%. 
 

 
Fig (10) Diode bridge rectifier input current and 

voltage. 
 

Fig (11) Boost converter input current and 
voltage. 

 

 
Feed back control only 

 

 
Proposed control system 

Fig  (12) Boost converter transient response 

 
 CONCLUSION 

 
A new high power quality DC voltage regulator 
for vehicles applications has been proposed, 
simulated, and prototyped and tested 
successfully. 
It is shown throughout this paper a simple boost 
converter based combined control system that 
achieved the following 
Nearly unity power factor operation with 
minimum input current total harmonic 
distortion is obtained using a single switch boost 
converter based on the proposed combined 
control system. 
The system transient response is highly 
improved thanks to the combined control 
system including Dc out voltage feedback along 
with output power feed forward control scheme. 
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