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Abstract — In the area of AC/DC converters with low ef-
fects on the mains single-stage rectifier systems gain more
and more importance. The basic characteristic of these sys-
tems is the direct integration of a high-frequency isolation of
the output circuit into the converter topology. This makes
possible the matching of the output and mains voltage levels
besides the sinusoidal guidance of the mains currents and a
highly dynamic control of the output voltage. Also, high-
er efficiency and a lower realization effort as compared to
a two-stage, i.e.,, AC/DC-DC/DC engergy conversion results.
In this paper the topology of a novel single-stage three-phase
PWM rectifier system with impressed output current is de-
veloped starting from a two-stage converter concept. After
the description of the basic function of the circuit (called
VIENNA Rectifier IIT) the conduction states and the current
space vectors available for forming the input currents are
determined; a simple multi-loop control of the converter is
proposed which also guarantees a symmetric transformer
magnetization based on pre-control signals. Furthermore,
the theoretical considerations are verified by digital simu-
lation and the current stresses on the power semiconductor
devices are calculated in analytically closed form. Finally, a
short preview on the planned continuation of the research is
given.

1 Introduction

In [1] a quasi-single-stage three-phase AC/DC converter
has been proposed (cf. Fig.1(a)) which yields a reduc-
tion of the realization effort of a conventional dual-stage
buck-type PWM rectifier system. A basic disadvantage of
this converter (analyzed in detail in [2]) consists, however,
in the combination of a bidirectional input stage (which
would also allow energy feed-back into the mains) with
an output stage which is capable only for rectification. If,
based on this consideration, the input stage is replaced by
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Fig.1: Derivation of the circuit structure of a novel single-stage
three-phase buck-type PWM rectifier system () starting from the
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quasi single-stage topology (a) proposed in [1]. For practical re-
alization the impressed input voltages of the system (represented
by voltage sources) are realized by a star- or delta-connection of
filtering capacitors (cf. Fig.2).

a unidirectional circuit as proposed in [3], or if the system
operation is limited to resistive (ochmic) mains behavior,
the converter topology shown in Fig.1(b) results. There, a
possibility of a further simplification of the circuit struc-
ture and a reduction of the conduction losses is given by
the fact that a positive input phase current 4y > 0 is flow-
ing via D and S, and the series connection Dys—, Dp..
and a negative input phase current ¢y < 0 is fed through
Dy-, S, and Dyy,, Dp_. Therefore, the diodes Dy
and Dpr4 can be omitted (cf. Fig.1(c) and/or Fig.1(d),

and/or Fig.3 in [4]).

With the aim to minimize the number of turn-off pow-
er semiconductors one should consider alternatively, how-
ever, with respect to Fig.3 of [5], an integration of the
4-quadrant switching elements (i.e., the combination of
Dny, Dn—, Dpy—, Dpry and S) of the phases into the
bridge legs Dg.., Dp_ of the input diode bridge [6] (cf.
Abb.1(e)). Although this leads to the loss of the controlla-
bility of the current flowing through the diodes Dp. ; and
Dpg._; of each phase 3, this modification gives for each
phase a switching node M which can be connected with
the input via the power transistor S;. Therefore, in anal-
ogy to [5], the possibility to transferring the function of a
bridge leg of the DC/DC converter stage to the input stage
is given. The resulting novel circuit topology of a single-
stage three-phase buck-type PWM rectifier system having.
only 5 turn-off power semiconductor devices is shown in
Fig.1(f) and Fig.2, respectively.

As the following considerations will show, this system
based on a step-down converter makes possible

e a sinusoidal control of the mains currents in phase
with the related phase voltages,

e a highly dynamic control of the output current and/or
of the output voltage and

. @ the limitation of the input current in case of a short
circuit of the output voltage and/or for a direct start-
up without previous pre-charging of the output ca-
pacitor.

Therefore, the proposed system is ideally suited for, e.g.,
the realization of welding current sources with low effects
on the mains or for telecom power supply modules with
high efficiency and high power density, respectively.
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novel three-phase PWM rectifier
with integrated isolation and im-
pressed output current, Besides
- the given derivation, the system

Uc,i

can also be thought to be formed
by a dual exchange of the input
and output side energy storage el-
ements of a VIENNA Rectifier IT
(cf. [5]). Accordingly, the sys-
tem -proposed in this paper will
be called VIENNA Rectifier 1II.
The supplying three-phase mains
is represented by ideal voltage
sources un,;, ¢t = R, S, T.
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2 Analysis of the Basic Function of
the System

An ideally sinusoidal shape

M

of the mains current, aligned in phase with the mains volt-
age ‘

ina = fN,(1) exp jon

@

would be obtained for purely sinusoidal current consump-
tion

uy = Unexpjon,

1 Y
wnC =N
of the rectifier system. There, the quantities i N,(1)) BN

und Z7; denote the complex space vectors related to the
phase quantities iy, ;, uy,; and i t=R,S,T.

W =inay—J wy =2rfn  (3)

Remark: The space vector is calculated based on the triple
of phase quantities

UN,R = ﬁNcosz
N 2
un,s = Upycos(pny — '3—)
A 27
un,r = Upcos(on + -é—) NE))
i with
N =wnt ©)
according to the defining equation
“ 2 : o
. uy = 3(uvp+auns+a’unr)  a= expj=5- (6)

(shown for the mains voltage).

In reality, 37, can only be formed as fundamental compo-
nent iy, 1y of the discontinuous rectifier input phase cur-
rents dy,; (the switching frequency components are largely
suppressed by the LC input filter). The derivation of an
appropriate control method is the aim of the following con-
siderations. For the sake of simplicity and for the purpose
of a limitation to the essentials we there will assume

® a purely sinusoidal shape (identical to the mains
voltage) of the capacitor voltage ug; = Uup,;, 1.6,
the voltage drop at mains frequency jwnLi N,(1) ~
0.005...0.017, '~ across the series inductances L are
neglected, as well as the ripple of the capacitor volt-
ages,

a mains current approximately equal to the funda-
mental of the rectifier input current (i ; ~ 4 N,(1),i ~
iy,(1),i)» Le., the mains current ripple and the re-
active current due to the filtering capacitors C are
neglected. Furthermore,

1

o the magnetizing current 4,, and the leakage of the
transformer will be neglected, and

® a constant output current ip = I

will be assumed. Despite these neglections, the real condi-
tions for high pulse frequencies are closely approximated.

2.1 Conduction States and Current Space
Vectors

The basis of the derivation of a concept for controlling the
mains current is the knowledge of the admissible switching
states and/or of the related conduction states (cf. Fig.3) of
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Fig.3: Possible conduction states of the rectifier system within
©N € (—%,0) and/or for uy,z > UN,T 2 UN,S Of UN, RS >
0,un,s7 < 0 and un,7r < 0. For the sake of cleamness, the
connection of the switching elements Sk, S5 and Sy with the
transformer primary N; are shown for each phase separately.
(This deviates from the circuit structure shown in Fig.1.) For
SR = 8s = s = 0 there results (independently of s, and s_)
a freewheeling state of the output current via the diode bridge on
the secondary; there exists no current flow via the primary and no
rectifier input current 4y,;. For s, and s_ one sets $4 =8.=X
accordingly. (By s;+s— = 10 or 01 or 00 only the guidance of
the transformer magnetizing current is influenced which is not
treated in detail here.)



SR Ss ST 54 - iU,R tu,s tu,T iy, ury  sign(ur,)
0 0 0 x x 0 0 0 0 0 0

0 0 1 0 1 0 —%f]o +%7;Io %%f[o exp(—j-g-) —UN,ST

0 0 1 1 O +#o 0o -l %ﬁlo exp(+j%) —un,RT -

0 1 0 1 0 +Rlb -3l 0 ZLIoexp(—j%) —unrs —

1 0 0 0 1 +8alo {10 0 2 loexp(—j3) +un,rs +

Tab.1: Admissible switching states sg, ss and st of the rectifier system and related switching states s; and s— as well as the
rectifier input phase currents 4y, ;, rectifier input current space vectors iy, ;» transformer primary voltages ur,1 and signs sign(ur,1)

for on € (—%,0) and/or un,rs > 0 and un,s7, un,TR < 0; for uz 1 = 0 we set sign(ur,1)=0.
7 3 ) [

the system which can be denoted in accordance to [5] by
the combination

j = (srsgsr)igatur.) (7
of the switching functions sg, sg, st, s and s_ of the
power transistors Sg, Sg, St, S4 and S_. There, 5; =1
denotes the on-state and s; = 0 the off-state of a valve.
Sign(ur,1) gives the direction of the voltage u7,] across
the primary winding N; of the transformer.

In order to avoid a short circuit of a line-to-line voltage,
always only one of the bidirectional bipolar switches S;,
¢ = R, S, T and only one of the power transistorsr S,., S_
may be turned on. Furthermore, also all valves Sg, Sg
and St may remain in the off-state. The thereby possible
switching states j of the rectifier system are compiled in
Tab.1.

As is evident immediately, the conduction states related to
the switching states j are determined by the signs and the
magnitude ratio of the line-to-line capacitor and/or mains
voltages

ungs = V3Uncos(pn + ) ®)
unst = V3Unsin(py) ©

unrr = ~V3Uyeos(on—%) . (10)
By considering the phase symmetry of the converter struc-
ture and the symmetries of the assumed purely sinusoidal
mains voltage system (cf. Eq.(4)) a detailed analysis can
be constrained to a £-wide interval of the mains period. In
the case at hand the interval )y € (—%,0) is considered
and/or un,ps > 0, un,s7 < 0, un,rr < 0 is assumed.

For j = (100)3; the line-to-line voltage uy gs is being
impressed in the direction uz,; (sign(ur,1) = +) across
the transformer primary. The output current Io is conduct-
ed accordingly via the diodes Doy, and Ds;... According
to the balance of primary and secondary ampere wind-
ings a current it} = iy = —iys = %Io results on
the primary (cf. Tab.1). For j = (010);, the mains-side
conditions and the magnitude of the transformer primary

voltage remain unchanged. However, now sign(ur,;) = —
is valid. Related to the forming of the input phase cur-

rents j = (100)g; and j = (010)7, represent redundant.

switching states leading to, however, an opposite varia-
tion of the transformer magnetization. Especially clear
representations of the conditions result for considering the
space vectors iy, ; related to the phase quantities 4y, ; (cf.
Fig.4). There, j again denotes the relevant switching state.

2.2 Control of the Input Current

For realization of a given reference value ij; of the input
current and/or of a related mains current i ~ 37, we have
to apply the vectors iy, ; immediately neighbouring to 7; in
order to achieve a deviation as small as possible between
reference annd actual space vectors. There, the sequency
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Fig.4: Space vectors Zy,; of the input phase currents iy,; related
to the conduction states according to Fig.3; besides the respective
switching state of the converter the index j also informs about
the polarity sign(ur,1) of the transformer primary voltage ur,;.
The switching states (100)d; and (010)7, are redundant with re-
spect to the current generation; however, they lead to an opposite
change of the magnetizing current i, of the transformer.

12




of the switching states j forming the vectors Zy,; has to
be selected within each pulse half period %Tp in such a
way that a minimum number of switching transitions of
the power transistors lead to the next following switching
state.

Inpy € (-—%,0) and/or for uny, gg > 0, UN,TR < UN,sT <
0 this is achieved by

e Itu=0(100)3i - (Ooo)gx - (001)]...0 - (010)]—.-0|t“=-%Tp
(010)3, — (0017, — (000)2,, — (100)3 ¢, 1 ... - a
For the relative on-time of the switching states there fol-
lows via simple geometric considerations

V3 ™
Soong, = 5 Meos(en — )

V3 T
5(100);5 + 5(010);, = TM cos(pn + ‘?;)

V3
5(000)2): =1~ —2—M COS((,ON) y (12)
where .
Iy,
= et (13)
R o

denotes the modulation index of the pulse width modula-
tion. Its definition has been selected such that, e.g., the
range M € [0, %] as known from the conventional DC
voltage link PWM rectifier system is given. '

Remark: For given input and output voltage the selec-
tion of M defines the turns ratio of the transformer. For
neglecting the losses there follows from the input/output
power balance of the system

gﬁNfN =Uolo (14)
by consideration of Eq.(13)

M 83, Uy (15)

Ny 4 Uo

and/or with M < % there is given a maximum admissible
value

Ny 3Un
e lZN
Ny — 2Up (16)

of the transformation ratio.

2.3 Symmetrization of the Transformer Mag-
netization by Pre-Control Signals

By the requirement of a defined shape i, of the local
average value of the input current (i.e., the average value
related to a pulse half period) only the relative total on-time
of the redundant switching states (100)3; and (010)7; (cf.
Eq.(12)) is defined. The distribution of this total on-time

13

to the redundant switching states gives a degree of freedom
of the system control which can be used for guaranteeing
a purely AC magnetization of the transformer.

For this, the partition of the total on-time 6(100)3-1 +5(010)1_0

has to be performed such that the voltage-time area across
the transformer within a pulse half period results to 0,

$Te
UT1,avg =/ ur,dt, =0, an
0

this means that in the interval py € (—%,0) considered
here we have

UN,RS 5(100);,*1 = UN,RS 5(010);0 +UN,RT 5(001);0 - (18)
Then, under consideration of Eq.(12) there follows

sin(2¢n)

S(010)5, _
So0s, 010z, sin(2pn) — ]

(19)

This distribution can be achieved for generation of the
switching instants of the power transistors from intersec-
tions of the output signals of the capacitor phase voltage
controllers H(s) with a triangular pulse frequency carrier
signal ip being equal for all three phases (ramp compar-
ison control, cf. [5]) by pre-control signals

1 3, sinfpy-Z
mps = 11— -M—m""__6"_
Ip 2 sin(2pn) — 32@
71-mST = -1+ \/§Msm(2(pN) cos(on + §)
Ip sin(2pn) ~ 4

- S
e
]

|

(a)

T~

el

l
Z‘_- ——————
1
'

o —m—————
~.
—

P S, -_/.'..____
i
[
1
AY

S
P

Fig.5: Shape of the pre-control signales m;; of the ramp com-
parison control within a mains period (cf, (a)) rated with respect
to Ip. The continuous shape 77;; of the pre-control signals as
shown in (b) can be obtained based on (a) by addition of rect-
angular signals according to Eq.(21).



1 V3 V3sin(py + Z)

R o= —1- X2y YP\PNTE)

Ip 2 sin(2pn) - 32@
1+ V3, p4sin(on) cos?(on)

20
2 sin(2pn) — %3 @0

(cf. Fig.5(a)) valid in the angle interval oy € (~%,0).
There, a fundamental of the rectifier input current is set
with the magnitude of the mains current reference val-
ue and/or the value of M (cf. Eq.(13)). The auxiliary
switching functions s%, s and sf. (cf. Fig.6), resulting
from the intersection, are then to be translated to get the
actual control commands sg, ss, st according to Tab.2)

-1, ‘
(000) (100) (111)
(101)
. -1
Sk : i 0
-1
sg L 0
; . -1
S, J I
T | [ I t i t 0
=0 % T

Fig.6: Time behavior of the triangular signal ip, of the pre-
control signals m;; and of the auxiliary switching functions
s; within one pulse period for YN € (—%,0). According
to Tab.2, the auxiliary switching function sequence (sksksy)
= (000) - (100) - (001) -(111) is coded into the sequence
j = (100)g; - (000)% - (001)F, - (010)5, (cf. Eq.(1D). In
order to achieve a current variation of, e.g., Aifp = +Ady,
Aiy s = Adf e = ~2Aiy, the related line-to-line curent vari-
ations Aigy s = +3Aiy, Aisp = 0, Aifyrp = —1Aiy
(cf. Eq.(24)) have to be subtracted from the related pre-control
signals. Thereby, the on-time of the switching states j = (100)g;
and (001)g, is increased and/or according to Tab.1 iy, g is in-
creased and iy,s and iy,r are decreased as required.

A continuous shape of the pre-control signals is achieved
for .
~ m,;j—ID for m,~20 21
i {mij'i-ID for m;; <0 @b
(cf. Fig.5(b)). As an analysis of the entire fundamental
mains period shows, the control signals can then be closely

approximated by

R % o ene-F-D  ewe(-§0)
0 0 o (010)15 (100)&,

0 0 1 (001)7o (001)7,

0 1 o0 (oo (001)F;

0 1 1 (100)3/(010), (100)% / (010)5,
1 0 o (000)2, (000)2,

1 0 1 - (001)7,
1 1 0 (001)d -

1 1 1 (100)¢; (010)7,

Tab.2: Relationship between the auxiliary switching function
triple (sgs57) and the actual switching states j in dependency
on the polarity combinations of the line-to-line mains voltages
and/or the angle . In the stationary case only the switching
states (100)3;, (0107, (001)g;, (000)2, are required for p €

~%:—%) for o € (—%, 0) only the switching states (100)Z;,
(010)7, (001)75, (000)2,. The remaining auxiliary switching
states (which appear only in the case of large reference values
Ady;, ;; are coded in such a way that the control error is reduced
as fast as possible.

~ —Mcos(pn+ %) — mp

~ —Msin(py) ‘(22)

~ Mcos(py —%) — mo

where

my = %—?Msin(&om ~ 0.26 M sin(3py) .

This simplifies the practical realization.

(23)

3 Control Concept

The structure of a simple multi-loop control of the rectifier
system is shown in Fig.7. By the pre-control signals m5j,
ij = RS, ST, TR, without explicite control input to the
rectifier, input phase currents with a fundamental having
the magnitude of the related mains phase current reference
values i} ; are generated; furthermore, a symmetric mag-
netization of the transformer is guaranteed. The output
ig,; of the capacitor phase voltage controllers H(s) leads
to an increase or decrease Aif;; of the input phase cur-
rents iy,; and, accordingly, to a charging or discharging of
the capacitors C. Finally, this brings the actual capacitor
voltage values uc,; to the reference values ug,;- One has
to observe that according to Fig.2 iy; is present always in
two phases, i.e., the variation of one phase current influ-
ences one further phase current in any case. The coupling
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Tab.2

F(s)

Fig.7: Structure of a 3-loop control (output voltage control loop, mains current control and input filter capacitor voltage control loop)
of a VIENNA Rectifier IIl with pre-control m;; of the mains current. The representation is partially only schematic for the sake

of clearness. Ain,; = i}y,; —in: and Auc,; = ug,; — uc,: denote the control errors of the mains phase currents and of the filter
capacitor voltages, respectively.

of the phases has to be considered by transforming the
reference values Aij; ; into line-to-line quantities

. Lo "
A"*U,RS = §(A1U,R - AzU,S)
. 1,.. "
Ai?f,s:r = §(A"*U,R - Azu,s)
. 1,, ., o
Aijrp = g(A"U,T —'AZU,R‘) (24)

[7]. Equation (24) guarantees that the system of the line-
to-line currents formed thereby does not contain zero se-
quence quantities, i.e., -

Ai{f,RS + Ai*U,ST + Ai*U,TR - 0 . (25)

According to Fig.7 the reference value of the rectifier in-
put current ij;; is gained by reducing the mains current
reference value by the contribution i¢,,; required for form-
ing the capacitor voltage. For the total reference value of
the rectifier input current we have zUz = iy, + Ay,

There, the mains current component 3% N, 1s generated by
the pre-control signals m;;. Adf;; is after transformation
into line-to-line quantities subtracted from the pre-control
signals. As shown in Fig.6 this yields a minor shift of the
switching instants resulting from the pre-control in such
a way that, finally, indeed (ideally) if;; Tesults as input
current of the rectifier system.

The reference values ug; ; of the filter capacitor voltages
are given by superimposed mains phase current control
loops G(s).
according to the reference values % N,i» defined differen-
tial voltage fundamentals u* L. and/or capacitor voltages
ug,; = UN; —uj ; are required. Aiming for ohmic mains
behavior, the mains current reference values 7% N,i are giv-
en in phase to the related mains phase voltages up,;; the

For guiding of the mains phase currents’

amplitude I* ~ 1s set by the output voltage controller F(s)
in dependency of the power consumption of the load.

Remark: The transfer to line-to-line quantities could be
made also already at the input of the capacitor voltage
control. The reference values ug; ; would have to be trans-
formed into line-to-line quantities according to Eq.(24) and
the line-to-line voltages could be used directly as actual
values. In the case at hand the capacitor voltages are di-
rectly accessible if a star connection of the filter capacitors
is applied; for a delta connection the star point has to be
artificially formed separately. Furthermore, basically al-
$o an output voltage control with an inner output current
control loop would be thinkable where the output current
controller would have to set the reference values ug,; of
the filter capacitor voltages on the primary. However, for
this purpose no reference signals are available which can
be derived directly from the mains phase voltages. This is
opposed to the voltage proportional shape of the reference
values of the mains phase currents (due to the resistive
mains behavior) of the control according to Fig.7. There-
fore, this control structure shall not be analyzed in more
detail here.

4 Digital Simulation

Now the previous theoretical considerations shall be ver-
ified by digital simulation for, e.g., an application of the
system as telecommunication power supply module (nom-
inal output voltage 48V, rated power for three-phase input

systems typical in the region 6. .. 12kW) for the character-
istic operating parameters

UNpms = 327V It = 18A

Uo = 48V M = 0.934

fF = 20kHz Ip = 10A
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(the switching frequency is selected relatively low in order
to reduce the simulation time) and for the device parame-
ters '

L = 05mH
C = buF
Lo = 1mH
L, = 5mH.

The modulation index of the pulse width modulation is
set to M = 0.934; according to Eq.(15) we have then
& = 827 and a primary current of {2lo = 22.2A
appears (ripple neglected).

For the sake of limiting the consideration to the essentials,
the output voltage will be assumed constant (impressed).
Then, the power flow is defined directly by setting the
amplitude I}; of the mains phase currents. Furthermore,
the mains current control as well as the capacitor voltage
control is performed applying simple P-type controllers

_upy(s) oV
G(s) = Riwa(o) = 1.0 Y (26)
and
H(s) = M =0.1 é (27)
Auc,i(s) v’
with
UG = UN; —UL; - (28)

Due to the pre-control signals m;; and uy ; the control
errors remain limited in the stationary case to small values
also without any I-type component of the controllers.

By the simulation results (shown in Fig.8 and Fig.9) the
applicability of the proposed control concept is demonstrat-
ed clearly. The mains current shows a largely sinusoidal
shape, being in phase with the mains voltage. The volt-
age across the primary of the transformer is free of low-
frequency spectral components; this becomes clear also by
the shape of the magnetizing current i,, being symmetrical
to 0 (cf. Fig.9).

4.1 Stresses on the Power Components

In order to simplify a comparison of the proposed circuit
concept with alternate realizations, the current stresses on
the power transistors as gained from simulation are com-
piled in the following:

Isave = 58A Isms = 11.2A

Is, avg = 8TA Is, ms = 13.8A

IDppave = 2.9A Ippms = T7.9A

Ipyave = 2.9A Ipyms = 8.0A

Ipy,ave = 5.8A Ipyavg = 11.2A .
29)

It is interesting to note that these average and rms val-
ues can also be calculated directly analytically with very
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Fig.8: Digital simulation of the shape of the mains phase volt-
ages un,i, the capacitor voltages uc,:, the resulting mains cur-
rents ¢y,;, the transformer primary voltage wr,1, the transformer
primary current ir,1, the rectified transformer secondary voltage
ug and the output current 7p. Further shown are the spectra of the
mains currents (the fundamental component is suppressed), the
transformer primary voltage and the output current (DC com-
ponent suppressed). The transformer has been assumed ideal
(Lo = 0 and Ly, — 00). n denotes the order of the harmon-
ics related to the mains frequency. Due to the rectification of
ug,2 the spectrum of up shows significant harmonics only for
frequencies being higher than twice the pulse frequency.
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b = F
=
T I T O A

p=4
IS SO I

i #8, 8T, 84, and s, of the transformer primary current 37,1,
former primary voltage ur,1, magnetizing current y,, recti-
’I fransformer secondary‘voltage ug and of the 6utput current
i for N ~ {5 andfor a switching state sequence (100)g; -

100)% - (010)7, - (001);5. According to the balance of posi-

jiilse period we get a purely AC pulse frequency magnetization
il the transformer. Time scale: 25us/div.

b precision in a simple way; this also shows clearly
unctional dependency on the operational parameters.
lescribed, e.g., in-[16] for this purpose one has to re-
¢ the time-discontinuous valve currents by continuous
iivalent currents 4, and ieg of equal local (related to
wlse period) average and/or rms values. E.g., there fol-
v in oy € (—%,0) for the current into the transistor

i

00

N, .
= 6(100)-!- ION = 5(100)-}- ﬁM IIN

N 4.,
= 6(100)3113N':;- = d100)%; M 22 (30)

o
)
& Rr,rms

. f f,*v). By averaging

1 .
Iavg = '5'7'1_' /; . lavg den
1 .
Irzms = 5;1_'/2” Z?ms den €2y}

finally receives the global rated current values related
fundamental (mains) period; there, the averaging in-

: ¥ and negative voltage-time areas of ur,; being present within -
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terval can also be reduced to 2Z or Z % under consideration
of the periodicity and the symmetnes of the shape of the
quantity considered.

For the current stress on the transistors .S; and S we have
finally

1. 2 .
Isiave = —In Iitms = \—/'?—’;M‘lfzzv

3 - V3. s
Is, ovg = Q;IN IS+,rms = ';r"M 1112\232)

(84 and S_ show equal current stresses). Then, the rated
values of the diode current stresses can be calculated un-
der consideration of the current distribution between the
valves (e.g., there is always only a single diode Dpy,
oder a single diode Dr_ ; conducting and/or only S, or
S_. accepts the current) as follows

1 1.
IDp,avg = '§IS+,avg = 2—’/T-IN
1
IDM,an = '2'I5'i,avg = ‘2'?IN (33)
1.
IDN,a.vg = ;FIN
and
1 1 A
IDF,rms = §I§+,rms = —\/’EM—IIJZ\T
1 1 1
IDM,rms = 61%1,rms = EM 1I12V
2 A
IDN,rms = ilg'i,rms-!'I.zDF,rms = EM_IIZ
(34)

Via similar considerations there follows for the rms value
of the transformer primary current

2v3

IT 1,rms 2I§'+ rms — __M—II?V . (35)
For the current stress on the input filter capacitors C' one
has in a first approximation
4 1, .
IZ =(——M"1-2)J3 .
C,rms ( \/§7r 9 )IN (36)

S Summary and Preview

In this paper a novel single stage PWM rectifier system
based on the step-down principle with low effects on the
mains is introduced and analyzed. It shows a substan-
tial lower realization effort as compared to known circuit
concepts with impressed output current (cf. Figs.1(a) and
(¢) in [5]). Therefore, the proposed system is of special
interest for industrial applications. Furthermore, a sub-
stantial advantage lies in the possibility of a direct start-up
without a previous charging of the output capacitor and/or
the possibility of operating with impressed output current



when the output is shorted. A disadvantage is given by
the discontinuous shape of the input current making neces-
sary a higher filtering effort for guaranteeing electromag-
netic compatibility as compared to systems based on the
boost-converter principle. Furthermore, the high frequency
transformer is operated voltage-fed; this possibly implies
the danger of saturating the magnetic core the transformer
and/or the occurrence of overcurrents in case of load tran-
sients or for inexact generation of the firing/gating signals
of the power transistors.

Therefore, the aim of further research is the analysis of the
intrinsic stability of the magnetization due to the resistive

components of the forward characteristics of the power

semiconductors and the transformer primary. In a sec-
ond step concepts for direct inclusion of the magnetization
state of the transformer into an active symmetrization of
the magnetic excitation are planned to be analyzed. There,
the main issue is the isolated measurement of the magnet-
ic flux density. Furthermore, guidelines for dimensioning
of the system for a wide input and output voltage region
shall be developed and the proposed circuit concept shall
be compared with a two-stage solution [9] concerning ef-
ficiency and realization effort. Based on these results, the
advantageous operating regions of the VIENNA Rectifier
1T shall be determined.
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