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Line Input AC-to-DC Conversion
and Filter Capacitor Design

Jesus Doval-Gandoy, Carlos

Abstract—The aim of this paper is to present a theoret-
ical and practical analysis of one of the most popular ac—dc
converter topologies. This topology is used to feed a dc—dc
switch-mode converter from dual-input-voltage operation
(230 Vems, 50 Hz/115 Vs, 60 Hz). For European line voltages
(220, 230, and 240 V), the full-bridge rectifier complies with the
IEC-61000-3-2 class A standard, if the value of the capacitor is se-
lected with the right criterion. Simple expressions are obtained for
all rms and peak currents and voltages. The mathematical analysis
of this multifunctional ac—dc converter becomes very simple if the
suitable assumptions are made. There is good agreement betweer
experimental results and the mathematical analyis predictions

Index Terms—Full-bridge rectifier, IEC-61000-3-2, voltage
doubler.

NOMENCLATURE
v, Input voltage of the dc—dc converter.
Voripple  Ripple of V.
Voave Average value ot/,.

Input current of the dc—dc converter.
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Energy required by the dc—dc converter.

Input power of the dc—dc converter.

Duty cycle of the dc—dc converter.
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Fig. 1. AC-DC converter.

Isng—rms RMS value of the capacitor charging current.
Isen s RMS value of the capacitor discharging current.

Ip Current through diodé®.
{D_r1115 RMS value of the current.
Ip Peak value of the diode current.

RMS value of the current drawn by the dc—dc conASSy, Assumption numben.

I. INTRODUCTION

HE ac—dc converter used in low-power low-cost power
supplies for universal line voltage (230,;, 50 Hz/
115 Vims, 60 Hz) is shown in Fig. 1. This circuit has two

verter.
Wime—c  Energy taken by capacitancéfrom ac line. operation modes.
Vac Peak value of the line voltage. » Switch “S” openedThe ac—dc converter is configured as
T Period of the line voltage. a full-bridge rectifier with a capacitive filter (suitable for
f Frequency of the line voltage. 230-V operation)
Ts Switching period of the dc—dc converter. » Switch “S” closed:The ac—dc converter is configured as
Teng Peak value of the filter capacitor current. a voltage doubler (suitable for 115-V operation).
Taen Average value of the input current of the dc—dc con- The firstimpression when analyzing, in a qualitative way, the
verter. performance of the ac—dc converter of Fig. 1 is that it is a very
Toridge Current through the diodes of the bridge. simple circuit. However, any attempt at mathematical analysis
Ic Current through capacitance quickly proves otherwise. Indeed, as far as the authors know,
Ve \oltage in capacitanc€'. there has never been a succesful analysis of a practical circuit.

Icims RMS value of the currenk:.

Paper IPCSD 03-039, presented at the 2002 Industry Applications Soci

Of course, certain hypothetical cases have been treated in some
papers [1]-[7].
etyKammerloher [1] investigated thermoionic rectifier circuits

Annual Meeting, Pittsburgh, PA, October 13-18, and approved for publicatiénd he was one of the first ones in doing mathematical analysis
in the IEEE TRANSACTIONS ONINDUSTRY APPLICATIONSby the Industrial Power hased on the assumption that the filter capacitor charges and dis-

Converter Committee of the IEEE Industry Applications Society. Manuscrip

submitted for review November 1, 2002 and released for publication April 3
2003.

éharges linearly. Unfortunately, not all expressions needed were
derived, and the expression for the rms diode current is incor-

The authors are with the Departamento de Tecnologia Electronica, Univeget. hecause it was derived from the active power consumed

sidad de Vigo, 36202 Vigo, Spain (e-mail: jdoval@uvigo.es; castoc@terra.
mosmarp@terra.es).
Digital Object Identifier 10.1109/T1A.2003.814561

0093-9994/03%$17

%Sy the whole circuit and not directly from the current flowing
through the rectifier itself.

.00 © 2003 IEEE



1170 IEEE TRANSACTIONS ON INDUSTRY APPLICATIONS, VOL. 39, NO. 4, JULY/AUGUST 2003

Schade [2] made a careful set of experimental determinaticstame practical restrictions which limit the range of operation of
and tabulated the results in a universal system of dimensidhe converter:
less parameters. Moreover, the monograms given by Schade are If the capacitorC' is too small, the resulting large ripple
valid for thermoionic rectifiers and the attempts to adopt them  voltage will require increased duty cycle range and con-
to silicon rectifiers have not been completly succesful [3]. trol loop gain to maintain the specified output voltage of

Lieders [4], [5] made an interesting and laborious work con-  the dc—dc converter connected to the output of the recti-
sidering that the filter capacitor charges and discharges linearly. fier. MoreoverV,, ,;, will be lower, resulting in poor trans-
He also obtained complex expressions which are difficult to ~ former utilization, high peak current through the switching
obtain and apply. However, it is necessary to mention that he power devices, and higher peak inverse voltage across the
took into account the diode forward voltage, which is an impor-  output rectifiers of the dc—dc converter.
tant parameter when a transformer is used and the secondary !f the capacitoC is larger than necessary, it will not only
voltage is small, but is not so important when working with oSt more, but the recharging current pulses drawn from
230-V /115-V ac line voltage. He did not calculate the rms ca-  the line will be narrower and larger in amplitude. This

pacitor current, which is an important parameter for choosing ~ hurts the line power factor and increases electromagnetic
the suitable capacitor in a power application. interference (EMI). The higher rms input current causes

higher losses in the diodes. Moreover, the inrush current
will be larger and it must be limited with an auxiliary
circuit.

When the control of a dc—dc switchmode converter connected

In [6], very complex expressions were obtained, whose solu-
tions require trial-and-error methods, and it is necessary to use
approximations for several exponential functions. As in [4] and

[5], the rms capacitor current is not calculated. at the output of the rectifier is implemented by using an IC

In [7], the r_ectifier is analyzed upder a prac_tical p(_)int of Viev‘(I\/ith volts-seconaontrol, the product,, i, - Dmax defines the
The expression for the rms capacnorcurrent IS not. right, b_ecaLf"ﬁﬁimun number of turns in the primary section of the trans-
both ac and dc components of the charging and discharging Gufsner, in order to limit the transformer losses or for mantaining
rents do pass through the capacitor and, therefore, both of thgf@ ransformer out of saturation. If an IC withauits-second
contribute to capacitor heating. It is assumed that the capacigghirol is used, the minimun number of turns is defined by

charging current is a rectangular pulse; this assumption does POt . D.e. Vo min is the minimum output voltage of the rec-
suppose greater error in rms current values but it will in pegifier, v, . is the maximum output voltage of the rectifier, and
current values. D.. is the maximum duty cycle of the dc—dc converter.

In order to limit the harmonic content of the line current of From this, we conclude that the size of the transformer in-
mains-connected equipment, there are different regulationscinded in the dc—dc converter depends on the value of the output
Europe (IEC 61000-3-2 Ed. 2.0:2000) [8] and America (IEEoltage of the rectifieV,.

519). The European standard defines four different classes foiThe value of the capacitor can be selected by using several
power electronic equipment. These classes establish differenterions. A usual criterion is to select the capacitor from a
current harmonic limits depending on the use of the electrorfioldup-time specification as follows:
equipment. In recent years, much effort has gone into finding

cost-effective solutions in order to comply with these standards. 20 ms@ minimum input voltage= C =0.8 — 2.5 %
Active power-factor-corrected (PFC) circuits are complex and M=
expensive and generate electromagnetic interference. Passive 10 ms@ nominal input voltage> C =0.4 — 1.2 IR

PFC solutions (rectifier with.C filter) are quite economical, _ - _
simple, and reliable. Nevertheless, the rectifier with capacitorAnother possible criterion is to select the capacitor from an
filter as shown in Fig. 1 complies with IEC 61000-3-2 EdOutput voltage ripple specification as used in this paper (1); the
2.0:2000 class A for input power up to 160 W if the capacitd?€ak-to-peak ripple of the ac—dc converter output voltage is re-
has the suitable value. lated to the minimum peak ac line voltage in accordance with
The aim of this paper is to give information for choosing thi!€ following expressions:

value of the flltgr capamtorwhph .complles with IEC 61000-3-2 full bridge: k € (0,15 +0,3)  Vorppie =k - Ve

class-A regulation and for obtaining the rms value, mean value, . ’ , -
and peak value of currents and voltages in the rectifier. voltage doublerk’ € (0,2 +0,4)  Voripple =k - VAC min-

1)

Il. DUAL-RANGE AC—DC CONVERTER
I1l. ANALYSIS OF A FULL-BRIDGE RECTIFIER WITH

After reading the last section, it is evident that the analysis CAPACITIVE EILTER

of the ac—dc converter is not easy. When the circuit of Fig. 1 is
analyzed, the number of unknowns is greater than the numben Fig. 2 are represented the capacitor voltage and current
of equations and the set of equations is very complex to solvthrough the diodes of the bridge and through the capacitor, when
Nevertheless, the designer’s objective is to solve the problenswitching converter is connected to the output of a full-wave
anyway, by sustitution of missing exact equations with inequaliridge rectifier. There is a high-frequency ripple over the low-
ties in the form of approximations and tradeoffs. We must forgéfequency component of the current. For simplicity in analysis
that a design is as much an art as a science, and the result mustis paper, we are going to consider the waveforms of Fig. 3
be optimum in some sense. From this point of view, there arestead of the waveforms of Fig. 2.
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| from (1), the expression for the minimum input voltage of the
VCB M dc—dc onverter is obtained as follows:
V,max =VAC
Assumption(Ass2) : On-state voltage of diodes 0
Vomin =Ve prin = (1 — k) - Vac. (3
Ibridge The energy supplied by the filter capacitance to the dc—dc

converter is the same as the energy taken up by filter capacitance
from ac line (4). From this equality and from (3), we can obtain
the value for the filter capacitor (4)

T/2 T
WeB—_den :/ P-dt="P- (5 - tc>
t

c

P
1-2-f-1
=5 (=27 1)
1 2 2
Wiine-cw =5 - Cp - (Ve Bmax = VC Bin)
P-(1-2-f-t)
Fig. 2. Waveforms for the bridge rectifier when connected to a switching B = )

converter.

Vi k-(2—k)-f
From Fig. 3 and (3), the charging time can be obtained as
follows:

. ) N T
Ve Bmin = Vac - sin (w - t) =Vacmin - €08 (5 —w- tm)

Assumption(Ass3) : w - (t + t.) = g
1
¢ :2 ST f ( ) . (5)

From Fig. 3, a triangular capacitor charging current can be

Ibridge assumed, then, the electric charge and the capacitor peak current
are given by (6). Equation (7) represents the rms value of the
capacitor current.

totte 1 .
AQC :/ Ichg( ) dt = 2 ' Ichg “te
A to
I <« IChg AQC :CB : (VCABmax - VCB min)
G =k-Cp-Vac
I Assumption(Ass4) : Triangular capacitor current
dech j 2- C1B crlpple
- chg =7,
, X tc 4 tc R
N td :2~CB-k-VAC' ©)
| T/2 N T tc
!; > Iérms _I chg—rms + Igch—rms
2 [t (. t\)’
Fig. 3. Approximation for the waveforms of Fig. 2. Ichg rms :T /0 (Ichg : (1 - E)) - dt
2 72
In Fig. 1, full-wave bridge operation appears when the switch —3 Tong te- f
is in the 230-V position. The filter capacitancgs = C/2 ) 9 [0:5T—t. )
charges to peak line voltage each half cycle. Lieh—rms =77 / I5 (t) - dt
The energy required by the dc—dc switchmode converter for 9 % STy T,
one ac line cycle is given by the following equation: =7 % . / I2(t) - dt
s 0
2
/ AW = / Lt = W =P T_§ _(1_2' te)  Lorms
y 2
Assumption Assl) P =constant ) ICrms = 2 IChg o fH(1=2-f )
-1

When working with rms ac line voltage 115 V/230 V the

orms

T
on-state voltage of the bridge diodes can be underestimated, and\SSUMPtioN(AssS) : = — i 3> Ts. (7)
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The current through the diodes of the bridge recharge the filmple, audio equipment, battery chargers, nonportable tools,
capacitor and circulates across the primary section of the dc-edc.
converter, because of which, the diodes current depends on th€lass A harmonic limits allow more distortion at low power
topology of thedc—dc converter. In order to simplify the calcuevels, due to this, it is easier to achieve compliance in Class A.
lations, we are going to make assumption (Ass6). From Fig Far equipment classified as Class A, the maximum allowed level
and (Ass4), we can obtaiy and the rms current through eachof line harmonic is the same whatever the line current waveform

diode of the bridge as in the following equation: is and whatever the input power between 75-600 W is.
ty t, fchg + L, If the value of the bulk capacitor is set by following the cri-
———— =— >ty =t ——— terion shown in (1), the rectifier achives compliance in Class A.
Leng + Idfh {Chg Leng The expressions shown at the bottom of the page give an ap-
Ip =lehg + Lach proximation of the maximum power for different valuesiof
Assumption(Ass6) : Tieh = loavg at which the full-bridge rectifier with capacitor filter complies

1 s, " 2 with EN-61000-3-2:2000 Class A regulation. These limit values
Iz =7 / ((Ichg + Ioavg) . (1 - —)> - dt were obtained in the laboratory from a prototype, and confirmed
) 0 ) ta with simulation results.
—_. (fchg + ]Oavg) by f (8)  Table | shows the ratio of class A harmonic limits and har-
3 monic components in the rectifier under the four limit condi-
In order to calculate the average voltage at the input of thigns. The value for the bulk capacitor was calculeted by using
S\_/vitching cqnverter we assume that the capacitor charges %!ﬂ}jand (5). The line voltage used was 220 V which is the min-
discharges linearly imum ac line voltage defined in the standard, this value gives us
Ve B max + Vo Bmin the worst case.
2 The ratio of Class A harmonic limits and harmonic content
Ass7: CB charges and discharges linearly (9) of the input current, for the full-bridge rectifier under the four
conditions presented above are shown in Table I.
IV. DESIGNING THE RECTIFIER TO COMPLY WITH The mi”‘m””? ratio between. Class A hgrmonic limits anq
IEC-61 000-3-2:2000 0ASS A _(;,_:Lrlinlt harmonic components in the rectifier are shadowed in
Since the year 2000, line current content is regulated in Eu- 1) Limita/Ing = V =220V; P = 150 W; K = 0.3,
rope by IEC61000-3-2:2000 [8], the original version of this reg- 2) Ilime:i;iA/Il;2 =V =220V: P =140 W: K = 0.25.

ulation was publlshed in 1995. 3) Timit A/Ih.'} =V =220V: P=125W; K = 0.2.
As the original version, this new standard defines different 4) Ilimit7A/Il4 ~ V=920V P=110W: K = 0.15.

classes for power electronic equipment: A, B, C, and D. Theseln the range of low-power applications under 160 W it is

classes establish different current harmonic limits depending Dssible to comply with IEC61000-3-2:2000 Class A with the
the use of the electronic equipment. The standard applies fo f ply '

line voltages of 220, 230, or 240 V and for input power betweesﬁeﬁ_?g;ﬁ)gﬁi;giqf;er plusC filter, if the value of the capacitor is
75-600 W '
Many PFC circuits have been designed in order to limit
the harmonic content of the line current of mains-connected
equipment. These circuits can be classified as active or passivén Fig. 1, voltage doubler operation appears when the switch
circuits. Active PFC solutions are complex, expensive, anslin the 115-V position. The upper capacitorand the lower
generate excessive electromagnetic interference. Passive BREC alternately charge to peak line voltage (see Fig. 4). In
solutions are simple, reliable, cheap and do not generateler to analyze the voltage doubler topology a new assump-
electromagnetic interference. Some simple passive circuiisn is going to be done (Ass8). Whenever the input voltage of
with LC [9] filter or LCD [10], [11] filter have been proposed. the dc—dc convertel/,, is at instantaneous minimum, one ca-
According to the new version of the standard, several loyacitor is at its minimun, but the other capacitor is half way be-
power single-phase circuits are classified as Class A, for exteen peak and minimum voltage; from (Ass8) and (Ass7), the

Vvoa\'g :VCBavg =

V. ANALYSIS OF THE VOLTAGE DOUBLER

K=03V=220V=P<150W K=025V=220V=P<140W

V =230V = P<155W V=230V=P<145W
V =240V = P < 160 W V=240V =P<150W
K=02V=220V=P<125W K=0.15V =220V =P <110W
V =230V = P<130W V=230V=P<115W

V=240V =P<135W V=240V=P<120W
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TABLE |
RATIO OF CLASS A HARMONIC LIMITS AND
HARMONIC COMPONENTS IN THERECTIFIER

V,=Vc + Ve
MM

chpper V&ower
ey S e ey o ——
h Ilimit,A/ Ihl Ilimit,A/ Ih2 I]imit,A/ Ih3 Ilimit,A/ Ih4
3 3.33 3.6 4 4.45
5 243 245 2.52 2.63
7 2.88 2.67 247 2.3 L.® Upper capacitor
9 2.19 2.24 2.04 1.73
11 1.86 2.08 2.33 2.12
13 1.39 1.39 1.51 1.71
f—t  —— e
15 1.3 1.22
17 125 34 Ic(t) Lower capacitor
19 —“1.16 1.27 1.35 1.17
21 1.23 l .19 | 1317 1.28
23 1.29 1.25 1.224 1.38
25 1.21 1.32 1.22 1.3 " ‘;c r
27 1.21 1.26 1.31 1.227 T
29 1.28 1.22 134 1.23 < >
31 1.25 1.28 1.28 1.3 Fig. 4. Capacitor voltage and capacitor current for the voltage doubler.
33 1.22 1.32 1.25 1.35
35 1.26 1.27 1.3 1.33
37 128 125 135 128 energy is equal to the energy taken up by the capacitor from the
' : ac line
39 1.25 1.3 1.33 1.29
1 /T 1
WC—dch:_'/ P-dt==-P-(T—t.)
2 Jo 2
minimum and maximum input voltages of the switching con- _ P (1= f-1)
verter can be expressed as 2-f ¢
1
Ve max + Ve min Wiine—c 25 -C- (V02 max VYC’2 min)
Vo min =Vo min + VCavg =Vomin+ —7——
2 P.(1—f-t)
VC max T VC min C== 2 B B . (12)
‘/omax :VCnlax+VCavg = VCmax f VAC -k (2—k) f
Ve max =Vac From assumptions (Ass3) and (Ass4), the charging time and
AssumptiorfAssg: WhenV, is at instantaneous the capacitor peak current for voltage doubler operation are
minimum one capacitor is at its minimum, given by
o 1
the otrlle.r capacitor is half way between peak f = ccos 1(1 = K);
and minimum voltage (10) 2-m-f A
f _Q'C'VCripple_2'C'kl'VAC 13
From (1) and (10), we can obtain the minimum and maximum chg = te - te ) (13)
values for the input voltage of the switching converter as a func- ]
tion of the line voltage From assumptions (Ass4), (Ass5), and (Ass6) the rms cur-
rent through each capacitor and each diode can be expressed as
4-3-K) 4 4-kK) - shown in (14) and (15)
Vvomin :% ' VAC;‘/omax = (24) . VAC
N 1 [t /. t 2 1 .
here:}‘/o max ‘/omin :VC max VC min :VAC ) kl' ICthfrmS :T /0 (IChg - (]. — f_>> dt = g : Iczhg ’ tc ’ f

11)

1 T—t, 1 T —t, T—s
. . I(zichfrms =7 / Ig cdt = — - Le / Is -dt
Each capacitor must supply half the energy required by the T Jo T T 0

switching regulator for an entire line cycle duriri§ € t.). This =(1 = f-t) -T2 .. (14)
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1

2. =3 jczhg e fA A= fte)- T2, Tek Run: 2.50Ms/s_sample !
) L[t 1\ E
[D—rms :?/0 <(Ichg + [oavg) : (1 - a)) - dt C424h24neqin
1 . 2
:g . (Ichg + Ioavg) . td . f (15) %5’;‘2
VI. DUAL-RANGE OPERATION L) ]V]
In the last sections, the bridge and voltage doubler topologies N : \ L
are analyzed in a separate way. In order to design the converte ° E
for dual-range operation, some points must be taken in account
With the switched dual-range input section (115-V doubler
or 230-V bridge) filter capacitor requirements are determined P TO0R T MIUTRE TRZ T, BI0MA @ Mar 2000
by the voltage doubler configuration. The steps which must be
followed in the design process are the following. Fig. 5. Current drawn by dc—dc converter. RMS value and average value on

« Design of the voltage doublek! € (0,2+0,4) (value for the right side.

the capacitors, value of currents, etc.).

+ With the value for the capacitor calculated in the first step, f =50Hz
the parameters for the bridge topology can be obtained. P =134 W
Solving (3), (4), and (5) we get the following equation: Toavg =0.442 A

P 1, =0.823 A
Ve, —VE o =——— (1=2-ft. orms
Cpmax — “Crmin T f. Cp ( ] te) C =150 uF
A A 2 |4
Ve, = Vg = Vie = (Vac - cosw - t.) Cp =75 uF.

. . 2 P Once we know the value fag. by applying (18), we can use
Vic — (VAC - COSW - tc) =70 (L=2-f-t). (16) the equations obtained in Section Il in order to calculate the
currents and voltages in the ac—dc converter. By using those
equations, we obtain the following results:

In order to calculate. from the last equation, a polynomial
approximation was done by using the Matlab functpoiyfit.

The polynomial curve fitting was done f@wt, € (0,3 + 1)} k =0.1557
which from (5) corresponds with a wide rangédf € (0, 05+ Vo min =274V
0,46)}. We can make the following substitution: Vi ax =324 V
cos? (w-t.) = —0,2582 - (w - t.)* — 0,5813 - w - t, + 1,1206. Viyavg =299 V
. _ (17) Ioems =1.27 A
From (16) and (17), we attain the following second-order P —4oA
equation, from which we calculate the valuetof chg ==
Iprms =0.846 A
2y |22 P 0737] o Ip =4.65A.

— +
C-fVie f
012 P
f2emr 2.0V,

The current drawn by the dc—dc converter is shown in Fig. 5.
On the right side of the figure are the rms value and the average
value. The dc voltage at the output of the rectifier is shown in
. ) . . . Fig. 6. On the right side of Fig. 6 are the minimum, maximum,

Oncet. is obtained, the equations for bridge operation preg,g 4yerage values of the dc voltage. The capacitor current and
sented in Section IIl can be used for calculating the parametefs, jc voltage are presented in Fig. 7. On the right side of the
figure are the rms value and the peak value of the capacitor
current.

A dual-range 200-W switching power supply is tested. In The current which circulates through the diodes of the bridge
this case, we already have designed the power supply, andame the dc voltage are presented in Fig. 8. On the right side
will apply the method presented in the last paragraphs, in orddrthis figure are the rms value and the peak value of this cur-
to verify its validity, by comparing the theoretical results witient. The current through each diode of the bridge is obtained
experimental results. The power supply is going to be testey using the following equation:
when connected to the 230-V/50-Hz ac line, because of which, Ipridge—rms 1,150 A
the full-bridge configuration is adopted. The parameters for the IDrms = V2 - V2 = 0813 A. (19)
dc—dc converter, for the ac line and the value of each capacitorgpe 11 shows the line current harmonics up to the 39th for

C, are the following: ) the case under analysig_1, the Class A limits, and the ratio
Vac =324V of Class A harmonic limits and harmonic content of the input

—0. (18)

VII. EXPERIMENTAL RESULTS
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Tek Run: 25.0kS/s  Sample TABLE I
E + - RATIO OF CLASS A HARMONIC LIMITS AND HARMONIC COMPONENTS IN THE
ﬁ RECTIFIER FORDIFFERENTVALUES OF THEBULK CAPACITOR
P
T S I - God'sV
Cg=75uF Cp=50pF
C?def
h Ilimit,A Ih-l Ilimit,A/ Ih-z Ilimil,A/
1 Min Arms f{Arms | I, || Arms | L,
T 280 V
3 23 0.568 | 4.05 || 0558 | 4.12
5 1.14 [l 0485 | 235 || 0427 | 2.67
i , 7 0.77 || 0.382 | 2.015 || 0.283 | 2.72
ChT  50.0 M200ms ChZ J 640mMA~ 8 Mar 2000 9 0.4 0.285 1.4 0.185 2.16
10:06:31 i i i |
) . . . . 11 0.33 0.21 1.57 || 0.158 | 2.08
Fig.6. DC-link voltage. Average, maximum, and minimum values on the right
side. 13 | 021 |fo17 | 123 | 0157 | 133
15 0.15 0.142 | 1.05
Tek Stop: 25 OkS/rs 190 Af_:qs , I ——
. - 17 |0.1324 0.12 1.1
Todo | B S
= C2 RMS 19 |0.1184 0.107 1.1
1.202 A ]
21 }0.1071 0.098 | 1.09
C2 Max
4.48 A
23 10.0978 || 0.069 | 1.417 || 0.085 | 1.15
1 W )
m 25 0.09 0.05 1.8 0.076 | 1.18
i
e 27 0.083 |l 0.041 | 2.03 0.06 1.39
2|
3 29 10.0776 || 0.035 | 221 || 0.045 | 1.72
N r T
b 31 |0.0726 || 0.027 2.7 0.038 | 1.91
Chi 700 h2 00 A M2°00ms  ChZ 720MA”~ 10 Mar 2000
e 33 |ooss2 {0018 | 378 || 003 | 227
Fig. 7. DC-link voltage and capacitor current. RMS value and peak value of 35 0.0643 11 0.013 | 4.94 || 0.025 2.57
the capacitor current on the right side.
37 | 0.0608 || 0.013 | 4.67 || 0.018 | 3.37
Tek Stap: 25.0kS/s 75 Acas . 39 10.0577 || 0.012 4.8 0.017 | 3.39
P )
=t G2 Es value for the capacitor is set by using the criterion shown in
- Section IV. ForP = 134 W andV = 230V,
Foak V=230V P>130W=k>0.2
1 4 A If maintaining the value of the input powd? = 134, we
/\ /\ change the value of the capacitordy = 50 uF, (nowk =
) \u f \\x 0.222), the rectifier complies with Class A regulation as shown
2 e in columns 5 and 6 of Table II.
I,,_» represents the line current harmonics up to the 39th for
the new conditions, /! = 134 W; Cg = 50 uF; k = 0.222).
chi 100 h2 00 A M2.00ms CThZ T 720MA” 10 Mar 2000

20:20:08

VIIl. CONCLUSION

Fig. 8. DC-link voltage and current through the bridge. RMS value and peak To conclude this paper, note that we have achieved the goals

value on the right side. that we set at the beginning. Specifically, we have obtained
simple expressions for the currents and voltages in the ac—-dc

current. From Table I, there is no compliance with regulatioconverter working as a full-bridge rectifier or as a voltage dou-

atthe harmonics (15, 17, 19, 21), shadowed in Table Il (columhker. Experimental results have confirmed the validity of the pro-

3 and 4). posed design method.

For the case under analysis, the compliance with For Class A compliance, the rectifier wi@filter is an inter-
IEC-61000-3-2-Class A regulation can be achieved if thesting option when working witl? < 160 W.
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