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Abstract -The paper proposes a new uncontrol led single-
phase rectif icr, which does not inject inadmissible 
current harmonics in the A C mains. Such a rect iner 
does not necessitate on the A C sidc classic passive filters 
or active filters and on the DC side boost choppers . The 
funct ioning stages of the proposed converter as well as 
its characterist ics are establ ished and, on this basis, 
design considerat ions are commented . Finally* possible 
application of these converters are presented. 
K e y » o r d s : A C - D C power conversion, power quality, 
power system harmonics , static frequency converters , 
uncontrol led single phase rectifiers. 

L INTRODUCTION 

In most power electronics applications, the 
power suppiy input is in the form of 50 or 60 Hz, 
sine wave AC voltage provided by the electric 
utility, that is first converted to a DC voltage. 
Increasingly, the trend is to use inexpensive 
single-phase rectifier to convert input AC into 
DC in an uncontrolled way. A large majority of 
the power electronics applications, such as 
switching DC power supplies, AC motor drives 
for traction, DC servo drives, and so on, use such 
uncontrolled single phase rectifiers [1,2]. The 
single-phase diode bridge rectifier is a commonly 
used circuit configuration. An important 
drawback of this rectifier is the injection in the 
power suppiy of higher order harmonics of input 
current of inadmissible values. 
A first alternative to reduce the current 
harmonics is the usage of passive filters made of 
inductors and capacitors, as shown in fig. la. In 
this figure, Cdi placed directly across the rectifier 
bridge is small as compared to Cd. This allows a 
larger ripple in Vdi, but results in an improved 
waveform of is (Fig. Ib). The ripple in Vdi is 
filtered out by the low-pass filter consisting of Ld 
and Cd. The important disadvantages of such an 
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Fig. 1. Passive filters to improve the phase 
current waveform 

(a) Passive filter arrangement 
(b) Current waveform. 

arrangement are cost, size, losses and the 
significant dependence of the average DC 
voltage Vd on the power drawn by the load [2]. 
Active power filters consisting of voltage- or 
current- source PWM inverters have been studied 
and put into practicai use because they have the 
ability to overcome the drawbacks inherent for 
passive filters [3], [4]. The active filter eliminates 
the harmonics that are present in the AC lines by 
injecting the compensating current into the AC 
side. However, the active filters have the 
following disadvantages: 
Difficulty to construct large-rated current sources 
with a rapid current response; 
High iniţial and running costs. 
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Fig. 2. Single-phase diode rectiTier with boost 
chopper for active line current shaping. 

Another alternative to reduce the current 
harmonics is tlie usage of AC/DC converters 
consisting in single - phase diode rectifiers 
cascaded vviih a PWM boosi chopper as shown in 
Fig. 2 [1], [5]. The boost chopper basically 
provides tvvo fiinctions: (i) it regulaies the 
capacitor voltage wich should alvvays be higher 
than the peak line voltage, and (ii) it controls the 
inductor current so that the line current is 
sinusoidal at unity power factor. Hovvever, the 
single-phase diode rectifler with boost chopper 
have the main disadvantage of high iniţial and 
running costs. 
In vvhat foilows we present a nevv uncontrolled 
single-phase rectifler, which does not inject 
inadniissible cuirent harmonics in the AC mains. 
Such a rectifier does not necessitate on the AC 
side classic passive filters or active filters and on 
the DC side boost choppers. This converters is 
named for short in what foilows RLCD (Rectifier 
with Inductor Capacitors and Diodes). 

II. NEVV CONVERTER CONFIGURATION 

from Vd to zero and Vc3 increases from zero to 
Vd . This stage lasts between O and t) and the 
corresponding equation is: 

The solution of this equation is: 

.(,) _ ^ Cco fcosicol -H ţ^) + 

(O.. 

a) 

2 V . 

V. 
( 1 - LCccr) - s\n{coX^ -^(p)-^ 

(3) 

+ sin (p 
sin^ol 

1 -cosr^^ot, 

COSCOM - T.)'COSCOA + — S —coscp 
1 - cos COqI^ 

in which the angular frequency cô  fulfills the 

condition: 

Stage 2 

(4) 

The current i, varies from Ii to zero (Fig. 4b), 

the current id = and the diodes Di and D2 are 

conductin^. This stage lasts from tj to — and the 
(O 

equation describing the circuit evolution is: 

In Fig. 3a we present a nevv AC/T)C single-phase 
converter generating reduced higher order 
current harmonics in the mains [6]. The 
capacitors C| - C4 have the same value C and 
they are DC capacitors [6]- [8]. The inductor L is 
connected on the AC side. The values of L and C 
fu in 11 the relation : 

0.20 < LCco' < 0.30 (I) 

in order for the phase current ii to be practically 
sinusoidal, according to Fig. 4b. rv denotes the 
mains angular frequency. The working principie 
of this rectifier can be explained by the help of 
the foilowing four stages which last for one 
mains period T= 2n co . 

Stage 1 
The current i)'̂  varies from zero to I| (Fig. 4b) , 
the current id is zero, the voltage Vci decreases 

diP^ 
V, sin(a;t + ţ9 ) = L — ^ + y 

dt 

The solution of this equation is: 

Lco 

V . 
- cos((o{ ^ (P) —^ ((Ut -wl^)^ 

cos(6;t, -i- ^ ) -t- LCco^ cos (p 
^ I - LCco' 

O) 

CO^ 

2Vj sin(6;t, 
I - LCco^ 

sm 
1 - COS(Ot, 

(5) 

(6) 

Stage 3 

The current varies from zero to (-I1) 
according to Fig. 4b, the current id is zero, the 
voltage vci increases form zero to Vd. and the 
voltage Vc3 decreases from Vd to zero. The stage 
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lasts from — to ~ +1 , and its associated 
0) co 

equation has the following form: 
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Fig. 3. Single-phase rectifier with almost 
sinusoidal input current 

(a) With four DC capacitors 
(b) With one AC capacitor 
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Stage 4 

The currenl ij''̂  varies from (-1 | ) lo zero according to 

Fog. 4b, the current Id " - i}'̂ ^ and the diodes D3 and 
n 

D4 are conducting. This stage lasts between — + t, 
CO 

and 
iTT 

co 
, and the associated equation is : 

V, sin(^yt + (p) = L 
dt 

- V . (8) 

In Fig. 4b we present the variation of the ratio 
ii/ViCty and in Fig. 4c the variation of the ratio 
idA^iC^y versus the angle cox, for the case 

L C ^ ' = 0.3, Vd= - Vi and (p = 25\ 
n 

A constructive alternative for the RLCD 
converter is presented in Fig. 3b. For the same 
load Rl as in the circuit from Fig. 3a, in the new 
scheme, the capacitor C i is mounted on the AC 
side and has the capacitance 2C. During the 
functioning, the capacitor C1 charges at a 
maximum voltage equal to ± Vd. The input 
current i| remains the same. 

III. RLCD CONVERTER CHARACTERISTICS 
In order to design the single-phase rectifier 
presented in Fig. 3a, one can use relation (9), 
which is obtained fi-om the condition that the 
values of the current ii when transiting from one 
stage to the other to be identical : 

co f X Is'incoA, 
(;r - cot,) ^ 

O). 1 - COSCOqX, J 

O) 

\-LCco^ CO^ 
cos(^yt, + cp) -hcos cp\-{9) 

~sin(^yt, + cp) 

as well as relation (10), in which Idm represents 
the mean value of the current id according to Fig. 
4 c : 
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Fig. 4. Waveforms for RLCD converter 
(a) Voltage v, 

(b) AC line current i,. 
(c) DC current id 

KLCO 

-{n - a ? t , ) cos^ + — ( ; r - coX^f 1 
(10) 

There are two extreme cases during converter 
operation. In the fist case, if Rl= O (and so Vd = 
0),'the capacitors Ci - C4 are short - circuited and 
the angle cp = 90' is inductive. In the second 
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case, if the voltage exceeds the value V\!{\-

LCco^), the diodes Di - D4 do not conduct any 
more and the angle ^ = - 90' is capacitive. 

0.25 a50 075 

capac itive (1-Xco* 
-90" 

/C-JUMF 

30 ut) 160 3XJ ir/X) 

Fig. 5. Variations of the parameters for the 
RLCD converter 

(a) Angle (p 

(b) Ratio VdA/dr 

Fig. 5a depicts the variation of the angle (p, the 
phase displacement angle between the input 
voltage V| and the fundamental of the input 
current, as a function of the mean rectified 
voltage Vd rated to the reference value Vdr = 
2Vi /n characteristic for the classic single-phase 
rectifier. The voltage Va can be established at a 
certain value by the load current iL. 
In order to choose the capacitors €,-€4, besides 
the necessity to determine the maximum mean 

rectified voltage V|/(1-LC69^), one has to 
determine the rms current ICRMS that flows 
through such a capacitor (Fig. 4b and 4c) 

CRMS 1 In ^ 

\0) 
do)\ (11) 

and supposing that the waveform of the input 
current is practically sinusoidal : 

i, = Imaxsin cox 
it implies ; 

CRMS 
'max 

2 \ In 
coi^ -

sin 2co t 

(12) 

(13) 

In order to ensure a smaller higher order 
harmonic content injected in the AC mains, the 
angle coX\ is recommended to vary between the 
limits: 

25^ < coh < 70" 

and, in this case, ICRMS is limited by 

0.046 l l ,3x< ICRMS < 0.1893 

(14) 

(15) 

Due to the fact that the currents that flow through 
the capacitors Ci - C4 have small values as 
compared with Uax, in order to get the necessary 
co ti angle, it implies that one has to choose (for 
continuous operation) capacitors with relatively 
large rated capacitance CR and rated voltage VR. 
The condition is better fulfilled by the DC 
capacitors, as, for example, those in the series B 
25355 for Smoothing, Supporting, Discharge [8]. 
At an approximately same volume, DC 
capacitors have a larger C R V R as compared with 
the AC capacitors; in exchange, they have 
smaller rated current IR. For applications using 
RLCD there is no need for capacitors with large 
IR. 

Fig. 5b presents the variation of the output 
voltage Vd normalized with the reference value 
Vdr as function of RL and C. For the inductor L, 
in accordance with Fig. 3a and b, we have 
adopted the value of 75 mH. Using these 
diagrams one can draw the following 
conclusions: 
Once the value of C is increased, the value of the 
output voltage increases too. 
The input current i] is practically sinusoidal for 
large variations of the load resistor RL. 

IV. POSSIBLE APPLICATIONS OF THE 
RLCD CONVERTERS 

A possible application of the RLCD 
converters is their usage in static frequency 
converters with DC voltage link, designed for 
supplying with variable voltage and frequency 
the three-phase induction motor drives. In this 
case, the asynchronous drives are connected to 
the outputs of the PWM three-phase inverters, in 
accordance with Fig. 6a. 
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Fig. 6. Static ftequency converter with DC 
voltage link 

(a) Circuit configuration 
(b) RLCD converter operation characteristics 

It is also possible to design a static frequency 
converter with DC voltage link using the AC-DC 
converter operating in four quadrants . This AC-
DC converter is made up of a RLCD converter 

with diodes Di - D4. capacitorsCj, C| and the 
inductor L. In order for the converter to operate 
in four quadrants the GTOs Ti - T4 and the 
thyristors Thi - Th4 have been used. When the 
load consumes electric energy in zones I and 2 
(for example when the asynchronous machine 
operates in motoring mode) the capacitors 

C, and C, are connected through the command 
of the thyristors Thi - Th4, while the GTOs T, -
T4 remain off. The energy is transmitted from the 
source to the capacitor Co by means of the circuit 
L, C , , C, and the diodes Di - D4. 

In the first zone of operation, according to 
Fig. 6b, the RLCD converter operates with both 

capacitors C, and Cj connected at the input 

(the ratio C\ /c\ has the optimum value equal to 
2). In this situation, one can obtain greater values 
for the voltage Vd and the amplitude of the mains 
current if the ratio Ri./Ri r varies for example 
between I and 6 (where by R| r we have denoted 
the rated load resistance, for which the angle (p 
= O") . In order to decrease the value of the 
capacitive current sent back in the mains at lower 
load povvers (that is for larger values of the ratio 
RL/RL,. between 6 and 24), in the second zone of 
operation, the thyristors Th| and Th2 are blocked 

and so the capacitor Ci is disconnected from the 
input of the RLCD converter. 

Next, in order to further decrease the value of l(i), 
in the third zone, one blocks , the thyristors Thi -
Th4 , and so, both capacitors and C| are 
disconnected. In this case, the GTO thyristors T, 
- r4 are controlled foilowing the PWM principie 
and the AC-DC converter in the input operates in 
the forced-commutated rectifler region, being 
constituted of the inductor L. the GTO thyristors 
T1-T4 and the diodes Dj D4. In this way one can 
transmit a reduced energy to the DC voltage link, 
and the angle cp can be maintained practically 
zero. In order to avoid possible oscillations al the 
ti'ansition from one zone to another, one can 
provide a hysteresis. Using this three operation 
zones method one can obtain a ratio between the 
maximum and the minimum value of the 
amplitude of l(i) vary ing between 10 and 20. 

When the asynchronous drive is operating in 
regenerative mode and the voltage V^ is greater 

than / 2 ( 1 - ZC^y"), die single-phase 
PWM inverter operates in order to retransmit the 
energy received by the capacitor Co- The PWM 
inverter is made up of the GTOs T| - T4, the 
inductor L and the diodes Di - D4 .One can 
conclude that the total operation duration of the 
single-phase inverter is much smaller than that of 
the RLCD converter. Obviousiy, in the 

regenerative operation mode, the capacitors Ĉ , 

and remain disconnected. 
Comparing the static frequency converter 

according to Fig. 6a with the single-phase PWM 
converter operating in four quadrants (with one 
inductor on the AC side, 4 switches and 4 
diodes), it implies that the first alternative has a 
greater reliability. This is explained by the faci 
that în zone 1 and zone 2. with large duration. the 
operation of the thyristor Ti - T4 is not 
necessar>. Also, the tlrsi AC-DC converter 
variant has the advantage of smaller losses. 

Of course, the most numerous applicaiions of 
the RLCD converter, according to Tig. 3a or 3b, 
can be the DC voltage suppiy for practically 
constant loads. 

IV. EXPERIMENTAL AND SIMULATION 
RESULTS 

Laborator)' experimenls and simulalion results 
have proved the effectiveness of the proposed 
single-phase low-hannonic rectifier. The 
laboratory prototype according to Fig. 3(a) 
consists of a single-phase voltage suppiy (with 

= 250V anf f-50Hz) and the ' RLCD 
converter. This converter is composed of four 
diodes, an inductor L and four DC capacitors 
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with capacitance 20|iF or 80|iF. For the inductor 
L we have adopted the value 75mH. The filtering 
capacitor Co is lOOO^F and the load resistor RL 
can be varied between 40 Q and 200 Q. 

In tables 1,2 and 3 we present the values of 
the rectified voltage, Vd , the amplitude of the 
line current, I|, the amplitude of the third 
harmonic of the line current Ii(3) and the total 
harmonic distorsion factor for the line current, 
THD for three distinct cases: (1) the capacitors 
C1-C4 have the capacitance 20|iF, (2) the 
capacitors C1-C4 have the capacitance 40|iF and 
(3) the capacitors CrC^ have the capacitance 
80^F . Using these tables one can draw the 
following conclusions: 
Once the value of the capacitance C is increased, 
the value of the output voltage is increased too; 
The input current i, is practically sinusoidal for 
large variations of the load resistor Rl. 

VdfV] I . fAl I . n JA] THDr%] 
200 8.79 1.05 12.61 
240 5.86 1.19 21 
247 4.47 1.16 26.68 
249 3.75 1.12 30.5 
249 3.32 1.08 33 

converters with DC voltage link, designed for 
supplying with variable voltage and frequency 
the three-phase induction motor drives was 
suggested. 
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Table 1. Converter parameters for C1-C4 20|iF 

Vd[V] I,[A1 IH3)[A] THD[%] 
233 11.81 1.07 9.38 
307 9.7 1.23 12.91 
320 8.19 1.14 14.16 
323 7.29 1.04 14.45 
323 6.72 0.95 14.3 

Table 2. Converter parameters for C1-C4 40|iF 

V a m i . rAi I.<3.[A] THD[%] 
260 16.9 0.96 5.7 

450 20.6 1.28 6.3 
540 21.13 1.24 6 
575 20.58 1.13 5.47 
588 19.8 0.97 5 

Table 3. Converter parameters for C1-C4 80|iF 

IV. CONCLUSIONS 

A new uncontrolled single-phase rectifier, which 
does not inject inadmissible current harmonics in 
the AC mains was proposed. Investigating the 
working principie and converter characteristics, a 
possible appiication in static frequency 
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