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Abstract — This paper presents a design of charging unit 
or rectifier for uninterruptible power supply by using 
PWM switching technique. These basic conversion 
performances are implemented by using MATLAB 
SIMULINK (MLS). Selected switching frequency is 9 kHz, 
6 kHz and 4 kHz to investigate the actual performance of 
the battery charger. MATLAB SIMULINK results are 
show the accuracy of modeling. 
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I. INTRODUCTION 

An UPS system is an alternate or backup source of 
power with the electric utility company being the 
primary source. The UPS provides protection of load 
against line frequency variations, elimination of power 
line noise and voltage transients, voltage regulation, and 
uninterruptible power for critical loads during failures of 
normal utility source. An UPS can be considered a 
source of standby power or emergency power depending 
on the nature of the critical loads. 

The function of a rectifier is to change an ac input 
voltage to a dc output voltage of desired magnitude and 
frequency [1]. This paper presents a three phase 
controlled rectifier for the low power application. The 
driver circuit that has been used in this AC - DC 
converter is to generate the Pulse Width Modulation 
(PWM) commutation technique. 

II. UNINTERRUPTIBLE POWER SUPPLY TOPOLOGY 

A. Basic UPS Block Diagram 

The basic static UPS system consists of a rectifier-
charger, inverter, static switch, and battery as shown in 
figure 1. The rectifier receives the normal alternating 
current (ac) power supply, provides direct current (dc) 
power to the inverter, and charges the battery. The 
inverter converts the dc power to ac power to supply the 
intended loads. The dc power will normally be provided 
from the rectifier, and from the battery upon failure of 
the primary ac power source or the rectifier. The inverter 
will supply the loads under normal conditions. In the 
event of the failure of the inverter, the static switch 
transfers the load to an alternate ac source. 
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Figure 1. Basic UPS Block Diagram 

B. Controlled Rectifier 

In a controlled rectifier, the output dc voltage can be 
continuously maintained at any desired level whereas in 
an uncontrolled rectifier the output dc voltage (at no 
load) is a fixed ratio of the input ac voltage. Figure 2 
shows the fundamental component of the proposed 3-
phase rectifier topology. 
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Figure 2. Rectifier controlled circuit 

The rectifier transforms the AC voltage to DC 
waveform and normally PWM switching is applied in 
this process. The low pass filter attached at the output of 
the rectifier to filter the unwanted harmonics [2]. The 
system is represented as general scheme circuit diagram 
of the voltage source rectifier as shown in figure 3. 

•/W 

SOURCE 

Figure 3. A General Scheme Circuit Diagram 

III. PROPOSED THREE PHASE RECTIFIER 

A. Pulse Width Modulation (PWM) 
The output of the AC-DC converter is controlled 

using the PWM, generated by comparing a triangle 
wave signal with an adjustable DC reference and hence 
duty cycle of the switching pulse could be varied to 
synthesize the required rectifier AC - DC converter. 
This technique is used to produce a stream of PWM 
train to turn and off the switches [3]. Figure 4 shows the 
output of PWM when comparing the carrier signal with 
DC reference. 

Figure 4. Pulse Width Modulation waveform 

B. Switching Strategies 
In theoretically, the switching sequence in the 

controlled rectifier must be instantaneous and 
simultaneous. Unfortunately, in practice this is not 
possible, because the transfer of current between two 
consecutive switches in a commutation group takes a 
finite time. This time, called overlap time, depends on 
the phase-to-phase voltage between the switch 
participating in the commutation process and the line 
inductance Ls, between the converter and power supply 
[4]. Figure 5 shows the process of commutation. 

Figure 5. Commutation Process 

During the commutation, two switches conduct at a 
time, which means that there is an instantaneous short 
circuit between the voltages participating in the process. 
As the inductance of each phase are the same voltage 
drop in each Ls, but with opposite sign because this 
current flows in reverse direction in each inductance. 

C. Circuit Operation 
The circuit diagram of three phase controlled 

rectifier is shown in figure 6. The circuit is designed 
with the input supply of 415V and the switching 
frequency used is 9 kHz. A rectifier consists of IGBT as 
a switch is used to convert AC power to DC power at 
the output VLoad. 
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Figure 6. Current through the switch, diode and the dc link 

Is in figure 5 is the rms value of the source current is. 
This current flows through the semiconductors in the 
way shown in figure above. During the positive half 
cycle, the transistor T^ conneted at the negative side of 
the dc link is switched ON, and the current is begin to 
flow through TN (iTn). 

The current can also go to the dc load and return 
through another transistor located at the positive 
terminal of the dc link. When the transistor TN is 
switched OFF, the current path is interrupted, and the 
current begins to flow through the diode DP, connected 
at the positive terminal of the dc link. This current called 
iop (see figure 6), goes directly to the dc link, helping in 
the generation of the current idc. The current idC charges 
the capacitor CD and permits the rectifier to produce dc 
power. The inductances Ls are very important in this 
process, because they generate an induced voltage which 
allows the conduction of the diode DP. Similar operation 
occurs during the negative half cycle, but with TP and 
DN (see figure 6). 

Under inverter operation, the current paths are 
different beacause the currents flowing through the 

transisitors come mainly from the dc capacitor CD. 
Under rectifier operation, the circuit works like a Boost 
converter, and under inverter it works as a Buck 
converter. 

IV. MODELING AND SIMULATION 

In the simulation implementation, Power System Block 
Set (PSB) in MLS are used to model and simulate the 
circuit. The circuits for AC to DC Converter were 
supplied by 415VAC voltage source. Figure 7 is the top-
level simulation model with the power circuit switch 
arrangements as in in figure 8. The PWM model is as 
shown in figure 9; a constant representing a straight line 
or reference signal is compared with triangular wave as 
a carrier signal to produce the required respective PWM 
output. Table I shown the parameters used for AC to DC 
Converter Rectifier. 

Table I. Parameters for AC to DC Converter 
Component 

Supply Voltage (AC) 

Input Capacitor 

Line inductance (Ls) 

Output Capacitor 

Load Inductance 

Load Resistor 

Carrier Frequency (fc) 

Modulation Index (mi) 

Value 

415V 

O.OluF 

20mH 

OIF 

15mH 

ioon 
9 kHz, 6 kHz, 4 kHz 

0.9 
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Figure 7. Top level main model of Controlled Rectifier in MLS 

Figure 9. PWM model circuit in PSB 

Figure 8. IGBT switch model in PSB 
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V. RESULT AND DISCUSSION 

The result presented were arranged accordance to the 
following; the input voltage and current shows at figure 
10. Figure 11 are shows results of output voltage 
rectifier converter by using MLS with switching 
frequency of 9 kHz, 6 kHz and 4 kHz respectively. By 
increasing the switching frequency, there is 
proportionate decrease in the output voltages. At the 
highest switching frequency, the output voltages are 
smooth. By using boost inductance, the output voltage 
will be greater than the input voltage. 
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Figure 10. Simulation results M L S (a) input voltage, (b) input current 

(c) 

Figure 11. Output voltage (MLS) (a) at fc = 9 kHz, (b) at fc = 6 kHz, 
(c) at fc = 4 kHz 

The result shows that, when the value of switching 
frequency low, the output voltage become higher. We 
also can see the changes of the width output wave 
become smoother with the increase of the switching 
frequency. 

Simulation results for THD are also presented in the 
following figure 12 for MLS 

Output Voltage 

400 

350 

300 

£250 

S 

| 200 

150 

100 

50 
I : 

08 

(a) (a) 

5 



(b) 
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(c) 

Figure 12. Total Harmocic Distortion (MLS) (a) at input current, (b) at 
output voltage, (c) at output current 

VI. CONCLUSION 

The results present successful design of rectifier for ups 
using PWM technique. The output DC voltage increase 
proportional with the decrease carrier frequency or 
switching frequency. The performances had been 
evaluated for different design constraints and the 
simulation results meet the design specifications. The 
design can be altered at minimum cost with fast reliable 
results. Simulation models in MATLAB/Simulink are 
used to study the behavior of the proposed technique of 
the results. 

RECOMMENDATION 

In this project, there are some improvements that we can 
do to make this project more successful, for example: 

1. Use matrix converter concept as a power converter in 
order to make the system is more efficient because the 
number of devices connected in series is less in this 
system. 

2. Put the inductor along with the side capacitor to 
discharge the noise by communicating with the 
capacitor to filter those unwanted noise. 

ACKNOWLEDGEMENT 

I would like to express my gratitude to Allah (S.W.T) 
for blessing me, giving me the strength and opportunity 
to complete this project. I would like to express my 
thanks to my supervisor, Prof. Madya Muhammad 
Yahya for his kindness, comments, corrections and 
suggestions to proceed with my project. If not for his 
supports as well as his guidance to ensure that this 
project is success I feel it might be quite difficult for me 
to complete this project. Thank you very much. 

REFERENCES 
[I] M. H. Rashid, "Power Electronics, Circuits Devices and 

Applications", Prentice-Hall Internationa] Editions, 1992. 
[2] L. Moran, J. Dixon, and R. Wallace "A Three-Phase Active 

Power Filter Operating with Fixed Switching Frequency for 
Reactive Power and Current Harmonic Compensation", IEEE 
Transactions on Industrial Electronics, Vol. 42, N° 4, August 
1995, pp. 402-408. 

[3] Siti Zaliha Mohammad Noor, Nor Farahaida Abdul Rahman, 
Mustafar Kamal Hamzah, "Simulation of DC to DC Converter 
Using Single Phase Matrix Converter Topology", 2010 IEEE 
Symposium on Industrial Electronics and Applications (ISIEA 
2010), October 3-5, 2010, Penang, Malaysia. 

[4] G. Moltgen, "Line commutated Thyristor Converters'', Siemens 
Aktiengesellschaft, Berlin-Munich, Pitman Publishing, London, 
1972. 

[5] K. Thorborg, "Power Electronics", Prentice-Hall International 
(UK) Ltd., 1988. 

[6] P. D. Ziogas, L. Moran, G. Joos and D. Vincenti, "A refined 
PWM scheme for voltage and current source converters", 1EEE-
IAS Annual Meeting, 1990, pp. 997-983. 

[7] R.S. Chokhawala and S. Sobhani, "Switching voltage transient 
protection schemes for high-current IGBT modules," IEEE 
Trans. Ind. Appl., vol. 33, no. 6, pp. 1601-1610, Nov./Dec. 1997. 

[8] K. limori, K. Shinohara, M.Muroya, and Y.Matsusita, "Zero-
switching loss PWM rectifier of converter without DC link 
components for iinduction motor drive." in Proc. Power 
Conversion Conf. (PCC), Osaka. Japan, 2002, pp. 1-6. 

[9] Abraham I. Pressman, Switching Power Supply Design, 
McGraw-Hill,1997. 

[10] R. Redl, and A. S. Kislovski, Telecom Power Supplies And 
Power Quality", INTELEC '95. Nov. 1995, pp. 13-21. 

[II] J. W. Dixon and B. T. Ooi, "Series and Parallel Operation of 
Hysteresis Current-Controlled PWM Rectifiers", IEEE 
Transactions on Industry Applications, Vol. 25, N° 4, 
July/August 1989, pp. 644-651. 

6 


