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RC.sumC 

k prbent  u p 4  d k i t  un ayateme convertiueur flyback AC-DC, 1 yn in- 
terrnptenr nniqnefiriphui. Le ayatdme op&ant en mode d i ~ o n t i n u  a t  ur- 
u t & d  pu m e  structnre simple d a  p u t i a  pnivrnce et commande. par one 
L i b l e  d h n i o n  dm conrant de r b u n  et par  nn comportement ohmiqnc en 
mode londamucrl  d o  r b u u  et no potentiel de coupure de frqnence i l e r i  
de I. tension de aortic rigd&. La relation, entre la valeor de crite, de la 
valenr moyenne et de la raleur effiue, JM qu'entre la tension m u i d e  
de bl-e d o  =mi-conducteon de puiurnce et la parmetra du orcnit 
aont ind iqum en plma de 1 ' ~ a l y w  du comportement en r+me permanent. 
L'analyw thbriqne a t  verifi& et confirm& pu simulation n u d n q u e -  

Abatract 

In this paper  a new threephase sin+switch AGDC Byback converter aye 
tem ia presented. The syatem operatea in the diacontinuooa mode. The simple 
strncture of ita power and control drcnil, lor mains current distortion and 
rairtire fundmeucrl  beharior U well U the high-hqnency irolation of the 
controlled output rdtaee hare b be pointed out. B a i d a  the ~ a l y r i ~  of the 
stationary operating beharior the dependencia of the peak ralua. arrr~gc 
T ~ U U  and rma r d u a  of the device currents and of the muimum block- 
ing roltaga acrou  the power electronic der ica  on the circuit puameten 
u e  given U analytic appraimation,. The theore t id  ~ a l p i ~  U verified by 
digital simulation. 

1 Introduction 

The topic of thu paper U the development and analyN of a circuit concept 
for the r u l i u t i o n  of the input unit of a unidirectional th reephue  AGDC 
converkr. The converter r L d  be a p p l i  U power aupply lor an electronic 
control unit and be led from a 11SV. 4OOBs three-phue AC aystem. Doe lo 
ufety and syakma u p e c b  i t  h u  to be ruliaed U t m r t y e  energy conrerter 
[I]. The controlkd output vdtage 01 the rectifier input a t y e  U conrerted by 
a D C D C  converter into the lad r d t a g e  Icreh. 

The buic development requiremenla which u e  relevant lor the dekrminatmn 
of the concept 01 the maha con.ukr  u e  d&ed U Iolbwa: 

high ~ r l i ~ b i l i t y  (lor complexity of lhe power and control nnitr) 

high porer  density 
efficiency > 0.85 
wide input roltye range 
Lolatioa of tbe AC'and the DC d d a  
told humoaic distortion Lckn < 0.05 (with the assumption of a purely 

Inndunucrl displacement Lcbr  of the maim c u r r u b  > 0.95 
current limikd stul-np, Limitation_oI the input currenla lor tr&ut 
nuiu mavdtaga, limitation of the ontpnt current (o.ulod p r o k -  

sinuwidd and lJmmetric maha r d t y e  system) 

tion) 
poribi6ty 01 p u d e l  operation of U T U ~  con.u(ua. 

For u i d  appliubilily of the A C D C  conwxkr the DC Link rd-e U 

d&ed U [lo = 280 V. TLL U approlimakly e q u l  b the (ideal) mean 
outpmt vdlage br Uraphaae diode reetifiution of the 115V m J u .  Doe 
(0 tbe high d l y e  l e d  tbb U. .L.o be u e d  lor'boffuing of maha rol-e 
M-U rith n k l i v d y  lor updhca (minimhation of the &). Tbe 
maximum ontpmt pom d tbe maiu conmkr U 

L tbe fob-, h w c t h  1 a BW bpoh&~ of a l h m p h u e  dnglcrwikh 
prLc rectifier syskm U derdopd .i. a tbreephue u (udon  of a D C D C  
ayback eoo.rrler. Section t trula  tbe ud+ of tbe operating principle 
of the q k m  rhich f o m  tbe bash for tbe derivation of the eqnaliou for 
(he staliau). operation (metion 4). With the anlmption of high pulse 
frequency in vctbn 6 d y t k  a p p r o h t i o u  01 the C.RQI a t r a a  (ped 
d m a ,  a.u.(c rrlua. m d m a )  on tbc system compomub u e  d c u h k d  
u d  the blocLiy rd-e s1ra.o) on the power d a t r o l i c  dcr ica  u e  gim. 
Tbe u c u u y  (or (Le limit d appliuhilty) 01 tbe d y U  appronmatiou 
L der id  .L a ~ p u b a  d tbe raulb of tbc dcuhtion with tbc d t m  
d a  digitd n b m h t h .  Bucd a rh 6. L metion 8 tbe approach for 
di-q (Le wm.ah L dbmmd. Rltbamore, in thb r c h  tbe 

by WOW. 

r a l o a  lor the component atrears  r a d t i n g  lor the initidly given operating 
puameten u e  s u m m u i d .  Thae component straars form the buis lor the 
vlection of the porcr electronic der ica  and u a  be ued lor an anuament 
of the converter within a concept evaluation. 

Section 7 d a c r i b a  a simple ut: aiion of the converter atroclure which l e d  
b M i n c r u u  of the syakm efficiency and b a reduction of the blocking 
r d t y e  atrey  of the power electronic der ica .  Finally, lhe advantap and 
didrantyea of the converter u e  compued and commented in section 8. 

2 Converter Topologies 

Due b reqniremenb lor Im dlcecta on the main, and for high power den- 
i t y ,  the main, converkr bu b be rulised U p d l e  converter system. For 
high a p k m  poLc freqnency the f lkr ing  dort  U conaiderably reduced U 

compued to linccommotattd rystema 121. hrthermore. the isolation UII be 
inclnded directly into the converter hnction and be & e n d  by a amdl sire 
high-frequency tramformer. 

For the r d u t i o n  of a th reephue  pulv  rectifier system one u n  apply (be 
d d a  three-phase converter structnra) &a t h m  singlcphue ACDC con- 
rerkra which u e  conneckd b A threephase spkm [3)-[5]. 

Tbe combination of three dnglcpbase .nib m r t a  poaible the d m g n  of a 
Ldcblerant q k m  doe b ;be pudkl operation on tbc outpnt side 01 the 
tbree p u b l  #yatema which u e  led by tbe dillerem1 mains p h u a .  The dimen- 
doning of the three converkr modda  has b be performed according b haif 
of the output power of the o . u d  system. TLL rad la  in high reliability ri. 
tbe redudaocy of one module. Furthermore, the modnlu design dmpl iha  
tbc q k m  developmut u d  Lat. Borcver, t h e  dnnbga ue paid lor by 
a high derice count for power u d  contml circuit. and by a reduction of the 
power density. A Inrtber d i d m n t y  U the b u i u l l y  lor mtiiiition of tbe 
p h  modda which U dme b the i u h h n e o n a  phase power pulsating with 
tmcc the nuiu f e q n u c y .  Lo the c u e  at b o d  we r u t  b prefer a direct 
three-phase ruli..tion. 

B a d  00 [SI L [7]410] three-phue mlidimtional palae reetifin #yakmi with 
high-hquency Ld.tim u e  introduced. They show a very dmple strnctnre of 
the porcr  and control circuits and u t i d y  the initially mentioned requirement 
regarding IOW q k m  complexity. Tbe conmter bpologia U. be thought b 
be formed ria a three-phue CrkMion of buic D C D C  cosverkr stnclnrea 
171. They u e  chuackri .cd by k n t i a o n a  input phase cwrenla (three- 
phuc singl-kh diawntinnw Ldmcbr cmmmt mode boat-type rectifier) 
01 by di.continnou input phue v d h a  (three-phase dngiwwikb h n -  
Li.uou u p d b r  vdhge mode buck-type ratifier). The maim voltage pre 
portional comtd 01 tbe ped n i m a  d tbe converter input ~mnb/rol- 
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Ph.11 D c r d o p 0 ~ 0 1  of t h m p h u c  dndcshkh A C D C  flyback COO- 

. u k r  topdogia (b). (c). (d)  bued on the h d c  stroctore of a D C  
DC fiyback converkr (a); (c): three-phue dnglrswitch diacontinnous 
imdmctor current mode flyback recIif~cr ( ~ q u d i n g  the coopling of the 
putid rinding d. Fq.2). 

L achieved in udog to the dbcontmoou operation of singicphuc A C D C  

r d k g a / c u r r e m b  ( o ~ L m u * c  current ahaphg, 1111). For neria connection of 
a main# N k r  rhicb aopprena input cmrmnt harmonia with nwikhing frc 
qoency, a considerable redoction of the &ecb on the muru U . c h i ~ ~ e d .  u 

p&C W(ifim k m g  COUIanI power 1 r . u i a b r  om-time directly by the &R# 

compued to li.co0mmnukd rectifiution. 

A. a mom deIniled ~ d y r t  of the system behavior aborn, the humonia 
content of the m i u  c n m n b  remaining after tilkring the dlcontinnona inpmt 
q8antiIk U a u n t i d l y  dekrmined by the volhge or cnrrent transformation 
ratiooftheconrcrkr, however (71, [IO], (121. E.g., in t h r e p b u c  ainglHritch 
d iuont inuou inductor canen1 mode boat rectifier aptcnu high amplitoda 
of lor frequcncj harmonica u c  praent  in the nuins cnrrc~t spectrum 1111 
for ontpnt rdhga king l o r  Y compued to the amplitude of the linc1o.line 
mum rolhgc. Thia I d a  to a small dirtortion k t o r  of the mum cnrrenta 
O d y  for high OnIpUI T d W  01 for l a r  input rdhga, r a p C I k d y .  

Doe to the required wide input voltage region one &a to u k  the qnation ~t 

guding the topologies of I h m p h u e  rindcawikh dbcontinnop.-mode p d u  
rectifia ayakma with input vd-e independent ( idu l )  rinuaidd inpot cor- 
mb. 

. -  

Discontinuous-mode aingle-phase ACDC flyback converters show a purely 
ainusoidd shape of the filtered input currents for conslant pulse frequency and 
constant on-time 1131. In connection with the simple atructure of the  power 
circuit and the full controllability of the power flow ( U  given for this converter 
type) this motivates the development of three-phase pulse rectifier rysteins 
based on the baaic structure of a D C D C  flyback converter as described in 
the follormg. 

F igure  1 ,  (a) shows the power circuit of a DC-DC flyback converter which 
can be extended to a thrctphase converter by connecting a threcph-e diode 
bridge DI (cf.  Fig.1. (b)) in aeries However, low-frequency harmonica of 
high amplitude are present in the mains cnrrent of this system. This is the 
c u e  bccduae (due Io the opraIing principle of the three-phase diode bridge) 
for transistor Ti conducting only two phasa conduct corrcnt. Therefore. the 
p h u e  current shape shows r/3 r i d e  intervds with aero current. 

If one aplits np Lv.1 to the vdve brancha (cf. Fig.1, (c)) ,  the nilins volt- 
age aystem and the vdve vdtage ayatem are decoupled and a siniultaneoor 
cnrrent flow in dI p h u a  ia made pouible. Due to aplitting op the primary 
winding&. the direction of the secondary cnrrent is not dependent on the 
direction of the primary p h u e  cnrrenta. The buic  secondary circnit stroc- 
tore of the D C D C  converter u n  therefore be m u n h n e d  and the secondary 
circuits of the p h u a  CAD k connected in  pudlel directly. 

An A C d d c  urutgement (.ad split-op) of L U , ~  ranlts in the converter atruc- 
tore shown in Fig.1, (d) 1141 which maha pouible (contrary to (c)) A com- 
bination of the p b u c  enerw storage der ica  to a three-phuc aystem. For 
rectifiution of the AC cnrrenb being proent on the secondary one h u  to 
coonect the ontpnt &ala D1 in a tbrccphuc bridge configoration. however. 
Therefore. the function of the conrcrkr u flyback coawrter U linked to a 
minimum ontpnt r d h g e  r d u e  dcfined by mum v d h g c  and tnrns ratio. 

For the w at hand. a docr andyda therefore can be limited to the circnit 
shorn in Fig.1. (c), rhicb rill be died in the folkwing three-phuc ingle- 
switch d i ~ ~ o n l i n ~ o ~  indncbr current mode (DICM) flyback rectifier. 

Rcmuk: If one m m a  the power trandstor ?'I i n a k d  of Lv.1 b the input 
of the thrccphuc bridge D1, there follors d three-phur flyback converter 
atrmctnre which requira three torn-off power umicondncbr der ica .  With 
m u d  to the da i red  minimum compluity, this vu iu t t  (U andyaed in 115)) 
u d  other ruianb of higher complexity (U given in the literatore. e.g.. in 
[lo], (I?]) rill not be considered h a c .  

S Principle of Operation 

In andog b the t h m - p b u c  mnglcaritcb diacontinoonrmode pnlu  rectifier 
q k n u  u given in the litcratnre. the control of the syslcm shorn in Fig.) 
may be performed in the r'ationuy w with a pdae freqnency I p  and an 
on-time of the porer I r ~ l i ~ b r  TI being corutant within the muna period. 
A aynchroniution of I p  and maha frequency can be omitkd for j p  > 
fw .  Doc b the lor-pua chuackrist ic of the mum lilter Lw.Cw the mains 
rd-e can be uanmed to Lie directlj at the tilkr output. 

For illustrating the operating prinaple Pb.S shows the condncting a l r t a  
of the CODRIICI O C C O ~ ~ O ~  during the p d ~  period L, E [O.Tp]. (L, FIu 
a I d  time rnnning within the considered p d ~  period.) Concerning the 
nuiu p h u c  r d I a g a  being approrirmitdy c o n s h t  mthin the p d u  period 
r e  u I u m e  UN.= > 0, un,r 5 UN,, 5 0 (being d i d  in ut ink& of r/O of 

0 
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F i g 3  Sequence of (be conduction stales of A lbree-pbue singlcrwitch DlCM flyback rcctifict within a 
p&e period t ,  E [O.Tp] for UN.R > 0 ,  uN.7 5 UN.S 5 0; I, denote  A locd time within the pulse period; 
I, = 0: turn-on iustant of the power trlnustor TI; t ,  = t".1: turn-off iustant of TI; the position of the 
pulse interval considered within the fundamentd period is g i ~ n  by the global time t or by the p b u e  ~ n g l e  
(pn = wN f (wN = angulu mains Crequency). 

Q Q Q  
the mains fnndunenld  period, (cf. Fig.5, (a)) ). Doe b the pbucsymmetric 
stroctore of the converter and due b tbe usumption of a purely sinusoidal 
voltye system the analysis of this angle interval dcrtermina tbe system 
behavior within the enl ire fnndnmentd period. Figure 4 sbows the 1 4  
mbpe of the phase cnrrents being related to F i g 3  

Before Inning  on TI r e  LAW according b the operation of the system in 
discontinnou mode: G.i,l-) = ~ . ~ c ~ ~ )  = 0. T1 is turned on at I, = 0. 
The DC side short-circuit of the bridge circuit c o h t i n g  of = 
L u . ~ . ( m l . .  (primary i n d n c b c a  of the p b v e  transformen) u d  Dl . ( y r ) , , .  
Di.iMr).. (d ioda  on the primary side) r s u l t s  in a rate of rise of the mpnt 
curent. being defined by the i n s b b e o n s  d o a  of the muns phase volt- 
%a. For c o n s b l  Inm-on time therefore in the tom-off i n s b l  1, = 
of TI phase current A n a  are obtained rbicb v u y  simsoidQy ORI the 
mains period u d  which u e  proportional b the rapective phase roltage. The 
demagnetisation of the l r d o r m e n  is performed V ~ A  the secondary d ioda  
DJ,(-) .  For dincontinnous mode we have to guarlntec t,,, 5 Tp according 
b Fig.4. A stras on TI u u s e d  by rcvene recovery currents of the dioda 
DJJ-) U avoided therefop 

Becaue the d e m y e W o n  inkmd does mol inhence  the 6 c.nc.1 
h p e  thu+ "ab p n d y  dnuoidd mniu currots rhicb uc in p h r  with 
the mnins dtaga .  TLL U dne b the dmwidal  a d o p e  of the conver- 
inpm1 c m m t s  &.1,crm, (d. Pi.5. (b)) for i d u l  Ukring of the harmonia 
with p.Lu irrgnacy (cf. rction 4.2). The qskm shows therefore (contrary 
to, e.g., t h m p h u e  DICY boat-type rectihm) lor eKects on the mniu 
independently of the d h g e  t r d u  ratio U well U a high porcr Lebr  and 
r u k t i v e  mains behamr .  Furthermore. LdcpendenUy of the ontpnt voltage 
krd full contrdl.bility of LLe poru So1 U given. This m n k a  a limitrtion 
of Ue .(rrbmp c u r a t  or aa o u x u r r n t  prokcti- d y  r u l i s d e .  

The dnahga of the propad wn-1 matiomed .o [U Lve to be eom- 
pucd b the b d c  diudmahga b e i i  uued by the high cmrrc.1 stralcr on 
Ue deviea dmc b the Sy&L -verb p i n a p l e  u d  by a high UCUi.6 c K d .  
In order b atrU U e n l u h  ba& concerning the ~pp l iub i l i t y  of LLe 
pmpoed conver(U r)rkm (going k p n d  the a p e d  eppliutia described 
hue) u d  e0aarri.g a coopulo. with Jkraatire comceplq r e  I h m l a c  
rant to delermime in the fdbr i .6  f.Rcr fmmnhtion of the buic  eqmatiou 

4 System Analysis 

4.1 Assumptions 

For the malysis of the s h t i o n u y  operating behavior the following r u u m p  
lions u e  m d e  in order b concentrate on the s u n t i a l :  

purely .inuoid.l symmetric m i a s  voltage system Y N . ( R ~ ) ,  

purely sinnsoidd mains currents (hndunenld ;  switchin& frequency 
u e  s n p p r a s d  - i d u l  mains filter), 

the d t a g e  ripple of the filter upviton Cn may be neglected, 
fundameold components of>he voltrge across Ln may be neglected U 

c o m p u d  (0 the unplitnde (In ofthe muns phase roltaga; accordingly. 
the lilter u p d b r  voltage is runmed imprased and wt equal b the 
nuins voltage, 

0 i d d  magnetic coupling of the tm primary windings and of the sec- 
ondary winding for e u b  pbrre, 
C O n s ( u t  Ontpnt d t a g c  Yo, 

component. of 

0 C O I I S b t  load (outpot) cnrrcnt Q, 

fp > 2Wfn or T p  a Tn, rapc t ive ly  (muas p b u c  roltaga approxi 

i d d  s p k m  components (specially: neglection of the system lasa. 
makly constant w i t h  a pulse period), 

rrikhing t i m a  ck.). 

Of apecial i m p o r b c c  is the u n m p t i o n  of a plLe treqnency bung rufficieutly 
higher than the m i a s  freqnency. As described in rc t ion  5.1. this u s u m p  
tion m a k a  pooible a very exact approximation of the cnrrenl s t r e w  on 
the 9stem components being relevant for dimensioning. Therefore, one u n  
omit a very timcconsnming determination of the device strena by digital 
dm&tion. Porthermore, the Lmorledgc of u a l y t i d  relationship h u  (U 

compared b a system ualysis by digicrl "lation whoc  d i d i t y  is l i m  
iccd b discrek p u u n e k r  wt.) the d r u t a g e  of a deeper insigbt into the 
q s k m  behavior u d  d b w s  therefore U immcdiak wndMon regarding the 
inhence of punalekr &ti- on the device dremes.  

4.2 B u i c  Equations 

The ~ a l y ~ i ~  of the b u i c  equliw of the atntionarj operating mode is per- 
bmed for WM~MI /p u d  COMIMI I d  owtime t,.~ of TI. Rrthcrmore. 
only diswntimnou mode U u n m e d  U rcll U a symmetric split-mp of the 
ptimuy windings of the tramdormus .ecording to 

h, l . IRSTb = b . l . l W h -  = h . 1  ' (1) 

For the dation of primary u d  r s c o . d w  indochoca  r e  have 

according to the u u m p t i o n  of idul  compling. Bucd on a rJmmetriul, 
purely sinu0id.l m u u  vdtage s p k m  there Ulas for the insbt .ncons 
inpmt p h  currents at 1-K b b t  t,  = iL1 of TI (d. Zig.4): 
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There, the position of the considered pulse interval within the fundamental 
period TN is defined by the angle 

("N = W N  1 . 

The mains currents remaining after (ideal) filtering of the spectral compc- 
nents with pulse frequency (cf. L N . C N  i n  Fig.2) of the discontinuous input 
currents I U , ~ , , ~ ~ ,  now follow directly via averaging related to the pulse pe- 
riod as: 

( 4 )  

where 
1 

Tp 
6p = --L 

( 5 )  

denota  the relative turn-on time or the duty c j d e  of the power transistor 
TI. Aa already described in section 3, no low-frequency ellects of the system 
on the mains occur. The amplitude of the ( i d d l y )  purely sinusoidal munt 
currenls being in p h u e  with the mum phue  ~ o l t a g ~ ~  is given with Eq.(5) 
U: 

Reguding the lording of the mains the convcrkr therefore CM he assumed 
to be replaced by equivalent resistances 

RN = 2 (8) TP 
(for Y-conncction) which CM be act by the relative turn-on time 6p of Ti. 

Rcmut: This d d n i n g  cqnation of u input eqdnleot resistance U also give0 
in u i d e n t i d  form for DICM D C D C  (cf. [IS]. Eg. ( IJ ) )  u d  for d n g l c p h u e  
A C D C  d y b d  wnverkn (cf. (111, Eq(l3.28)) and U v d  approximately 
JM for t b r e e p h u e  d . g l ~ r r i k h  DICM boat-type input rectifiers (cf. 171, 

Considering the equality of input and output power (beunse the system h u  
been assumed IOU-free) we have for the convcrkr output power: 

E q 4 W  or 1121, Eq438)). 

For i d 4  m y n e t i c  c o ~ p l i n ~  u d  for discontinuous operation the entire m q -  
netic energy being stored at instant L, = L,J in the primary i u d u c h c a  U 
truuferred into the Kconduy within each pdse period. The power dow U 

averaged over one p d v  period therefore U not influenced b j  the d o e  of the 
outpnt r o l l y e  uo and h u  the timeconstant value 

Po.", = Po (10) 

for the r h t i o n u y  w. The ryskm shows a constant-power behavior on the 
output ride being dm chuacteristic for d n g l t p h u e  A C D C  d y k k  convert- 
m operating in dircontiuom mode 1191. One h u  to poimt out. however, 
(La1 in the CIY at b u d  ( w n t r u ~  to d n g l e p h u e  ayakrm) .L.o for highly 
dynamic omtput v o l l q e  control no low-frequency distortion of the input cor- 
rent ahape OCCM. This U due to the L i m c c ~ ~ t m t  (average) porer dow lor 
c o ~ t m t  tnru-on time. 

A. ahown in the I d l o r i ~ g  section, b e d d a  the output current 

timer the peak value 01 the mains current fundamental This clearly points 
out the high current stress on the devicu characteriring the discontinuous 
mode of A flyback converter 

For the (global) Naxmium duration of the current flow within a pulse interval 
there follows 

where 

denotes the maximum duration of the demagnetisation phsre. For discontin- 
uous mode we have to guarantee therefore: 

T p L T .  (17) 

5 Component Ratings 

For dimensioning and determination of the application redon of the sysleni 
apcdal ly  the current and voltage streun on the power electronic devica U 

wcll U of the pus i re  components u e  of interat .  The current and voltage 
chuacterist io to be ualyred for the d c d a t i o n  of the component streun 
u e  shown in Fig.& (c), (d), (e), (I) with the exception of the mains Uter a d  
the output upui tor  currcnb. 

The dcdat ion  of the dependencia of device a t r e n a  bdng relevant for di- 
mensioning (current and blocking roltage peak valna. cnrrent averye and 
mu n l u a )  on the system puameten (input vdtage, output rollage. output 
power. turns ratio. p& frequency etc.) U dmple ua ly t ic  approrimations 
U the topic of the foUering eections. 

5.1 Analysis Method 

The buis of the d c d a t i o n  method U a quui-continuous ualytical  approx- 
imation of the  discontinuous ryskm behavior 1201, 1211, being defined by 
a ~ ~ 4 . g  the qnantit ia 0-1 a pulse period. The knowledge of the charac- 
kristic of a time function i ( L , )  within one pdse period 1, € lO.L,] U replaced 
there by the ( h k )  qlunt i t ia  which CM be denoted U I d  m u n  value 

u d  I d  rmr vduc: 

(Remut: the I d  nnr vdne corrapon& to a discrete time function having 
equal lor.) If theu I d  mem n l m a  now u e  related to the paition V N  (or 
to the global time 1 = W;'VN) of the p.Lw i n k r n l  within the fundmental  
period TN. then t h m  U defined a continuou (global) time chuacteristic 
of the I d  mean d o e  and of the I d  mu dme.  By a second avcryiug 
dated Lo the fundamental period 

(21) 
1 '. 

1 , ~ .  = 5 L.,(VNWN 

there IoUw accordingly directly (Le h a c k r i s t i c  qumti t ia  global mcul 
d u e  and global rrm d m e  which c h a c k r i r e  (Le compoaemt mtrcya. 

Ia connection r i t b  a mimimination of compomat lime u d  wdgbt of the mag- 
ntic de- ome h u  b .im in a practical ruliutiou. by .U muns, for 
fp > f ~ .  Bsuuc in the dlco.tiuuou mode a tr&br rtrar by revem 
raovery cmrrab of (Le ontpmt dioda  4 U avoided, f, 2 lo of^ seema to be 
o b W e  L (Le cu at bud. A. a digid hdAtiom b u d  om the u m m p  
(ions d e  i rc(ion 4.1 dorr, the d a i m t i o u  of the . u l y t i u l  uprrs#ionr 
from cuct d b  remain bdor 2% (bere. Therefore, the dcdAtiom raulll 
gim in tbe ldbriy CM be u e d  u buia for d i m & a i y  

5.2 Charmctenrtic Current Valuer of the Devices 
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?ig.6: Digital dmdat ion of a three-phase dnglcswitch DlCM flyback rectifier operating with cons rat iwitchi~g heqnency 
fp withont mum Nter LN. CN connected i n  seria hced on tbe usumptiom made in =tion 4.1; 1nrn-00 time :.,I of z colutrnt within the fundmeolr l  period; representation of one fnndmenlr l  period T N ;  the ude ink& p~ E 10. :] 
considered for the u a l y d r  of the i p k m  behavior (cf. wction 3 U muked in (a) by the dotted uu; (m): mum phue 
v d h g a  uN,(wr)  (lSOV/dir); (b): converler input cnrrentr iu . l , (m)  (lOA/div); (c): tramistor current (lOA/div) 
u d  tramistor blocking v d h g e  (400V/div); (d): primuy diode cnrrmt iD1.R- (10A/div) u d  diode blocking ~ d b g e  
UDI.R.. (300v/div); (e): monduy  diode current iD2.R (SA/dit)  u d  d i o d e  blocking volhge uD1.R (400V/div); (f): c u r u t  
i feeding the outpnt upador  u d  Irmsistor current + I ,  (lOA/div); p u m e k n :  Po = IOOW, UN,-, = 115V, f~ = 4OOHs. 
00 = 280V, k = 0.57, Lu.1 = 0.36d, Lu.2 = 1 . 1 2 d ,  fp = 1/Tp = 15.6k81. ;,,I = 3 0 . 8 ~ .  

wconduy : 5.3 Blocking Vo.tagc Stress 

Power Trrnrutor TI: 

(40) 
N 
Ni UTI.-.* = &UN + Z2UO 

The mlbge d u e  gimn here U related l o  ideal magnetic coopling ( k  = 1) 
of tbe pr imuy and uconduy. according to the usnmptioru m d e  i n  m t i o n  
4.1. 

For non-idul magnetic conpl i~g 

k = &  

of the pr imuy u d  the meconduy (the conpling of the two primary windings 
Lu.r.(m). ,  u d  Lv.l.,lsr).. U itill usnmed to be ideal) then OCCUN con- 
t r u y  to i d u l  coopling no i"dak cnrnnt commntalion from L U , ~ . , R ~ , , ,  
or L U , ~ , ( - ) . ~  to Lu.z,-, rben turning off TI. For limiting the blocking 
vdtage one &a to provide a &cut  U, in pualld to TI. IIS function U i l lnc  
trakd by an avduchcdiode in Ti@. Tbcn a muimum b l ~ ~ k i ~ g  v d b g e  
r t r e r  on 2'1 U Lrcd by 

replacing Eq.(40). The length of (be current commntation i n t e r 4  ud. tbcrc 
h e ,  (be power dinipted in U, me s n b t u t i d l y  inllaencd by the muimmm 
blocking v d t y e  itreu. For maximiring the syskm efiiaency one b u  to u m  
for d u a  of U' U Lyh u p d b l e .  r b a e  tbe m.r iu"  transistor voltage 
Lu b be obwrrcd. 

UT1.- = U, , (41) 

Dioda D1i 

Dioda &: 

output upreitme. C: 
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. a -  
s , x  1, v 

L'. 
1: sr> 

(a)  (b) 

Fig.6: Reduction of the  IOBSCS in the blocking vdtage lim~tation circuit U' connected in parallel to T: (the loun occur due 
to non-ideal mapet ic  couphng of primary and accondary); ( A ) :  T, turned on in interval t, E [ t , , : , tP,< > t,,,] (cf. Fig.7, 
(c)), diode D prevents tbc aborting of the output vol ta~e .  (b): U (a), but avoidance of u1 incrure of the conduction l o u a  
u u x d  by diode D (representation limited to the secondary ayatems part) 

Diode. D1: 
For neglection of A a m d  reduction of the b l ~ ~ t i n g  voltage stress for non-ideal 
conpling there followa: 

(43) 

6 Converter Design 

10 the following the pmcednre for dimcnuoning of the converter is outlined 
and an overview m e r  the component atresea ia siven nsing A numcriul U- 
ample. 

6.1 Procedure 

Setting the t n m  ratio and the inductance of the primary of the truuformer 
h u  Io be done nnder consideration of the following: ( I )  Mocking yolLye 
rtreua on the memiconducbra occurring for muimnm input voltqe UN.,.... 
(2) maiabioing the dimcontinnonr mode for minimom inpot voltage UN,-. 
and m u i "  ontpnt power PO.-. 
Reguding the blocking ro lhge  a t r a a  one h u  Lo keep in mind specially the 
power 11-Ior Ti.  A. ontlined in connection with Eq.(41), one haa Io 
met the mrrimam blocking vdtagc UTI,-., (occnrring for i d d  coupling) 
anficiently bclor the m u i u "  blocking voltage lor non- idd  c o a p b g  (U 
defined by U'). Therefore. there Iollowa by transformation of Eg.(40) for the 
tnrr  ratio: 

(44) 
NI 1 - s (uri.-.. - fifi~.-)- . 

SUO 
One baa b poi01 out that A reduction of UT,.,., leula b an increase of the 
blocking voltage a t r a a  on the &ode D, .ccording b 

1 1  (45) 
26N,- 

uTl.-,d - &ON,- 
UD2.u. 2 u O ( l +  

(cf. Eq.(43)). Uling &.(IS) u d  &.(l7) there I d o r a  lor gnarantedog the 
dlco.tinaor mode lor minimnm input vdtage: 

(=f. W 2 ) ) .  

A h  dek-tion of the b u i c  ayatem paramelha one can mow (U ah- 
t the lolbwhg by .dog A mnmcnul cumple) d c h k  the remaining di- 
mensioning parameten by ~ p p l ~ i ~ g  the r r l . t i 0~  compiled in wctiou 5.2 u d  
8.3. 

6.2 Design Example 

We "e (d. wri0. 1): UN,- 60 V . . .  165 V 
f,, = 400 Ea 
00 = #OV 
Po.- E 690 W 
j p  t 100 kEr (Tp = 1 0 ~ ) .  

(Porr = MO W) 

Tbc m k m  Clbciem9 Io be a p a k d  U 6-d Y r) m 0.85 b order Io 
pruridc d K o e a t  d e t y  -@D. TbmIon. Po = 110 W U ILe hdr b r  

dimensioning. For ulculation of the maximum duty cycle the induaion of A 
control mugin can be omilted, Iberefore. 

For the thrahold lerel of the blocking rdtagc limihtion circuit (defining the 
muimum volt~ge atras  of TI) we chocne 

U,, = 800V 

or 
hi , - . .  = 6OOV , 

rapectirely. There, the redration of Ti by direct pudleling of a power 
MOSFET and of M ICBT (minimisation of the awitchig lossca and the on- 
atate I m a  with minimum control effort. 122)) ia conaidered. The l u k q e  of 
the transformer U s t imated  U 

U = 0.025 . 

According Io  vctiona 6.1 and 5.3 there folbwi then: 

5 = 0.35 
UD1.- = 9 4 5 v  
UD~, -  = 606 V 

UN.-. 
UN.- 
Lu.1 = 15.5 ME 
Lu.1 = 126.5 FE . 

= 71 V : bp,,... = 0.58 
= 233 V : 6 , -  = 0.176 

Aa mentimed already in uction 4.2, the component current atraa U eucn- 
W y  determined by the mrrimnm valaa  of the truuiator current and the 
081pnt diode cnnent and by the duty ratio bp.  For the dekrmilution of the 
maximm atreo on the A C n d e  componenb one h u  Io couider the u s e  of 
" o m  iapnt voltage (or m&nm bp, t ~ ~ p c c t i ~ d ~ ) ,  thenlore. 

Remark: BCCAU~ the ontput power ia determined directly by the muimnm 
d m e  of the 1r.ul-r cnnent .ccording Io 

(49) 

(d Eqs.(O, 12)), lor c o ~ h t  outpat power fTi,- and, therefore, the 
r e o n d u y  cnrrenb u e  mot inlnenced by the inpnt voltage vdnc. The cnrrent 
C l u u M t i c  d n a  of the D u d e  devica u e  only dcpudcmt on the ontpol 
mer and mot on I h e  t p n t  vdtage, therelore. 

Vu d u a I h g  the rCLtior given in ra t ion  4.2 u d  ra t ion  5.2 there f o h w r  
Ior the c u n m t  r ~ l i ~ g :  

Amplit.de of the n u b  cureat Iud.meu(.l: 

r ~ , -  = 7.6 A 

Diads Di: 

http://Amplit.de
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Fig.? I Digital simulation of the shapa of the input and output cnnents of the converter (a".l.~~m) and au.l.(nm,) within 
P d u  period (d (a)); n o n - i d d  mynetic  co~pling of Lu.1 and Lv.,; arl :  switching function or control signal of TI, 

rapectidJ; :,,I: :urn-offinitanl of TI; p u n e t e r r :  U Fi8.5, bot U = 0.0875; UN.= > 0. ux.7 -< UN., _< 0. 

Dioda D,: 

Tocrl current throngh dioda D,: 

I ,  = 18.6 A 

Output U p U i b I  c: 
xc,-. = 4.e A 
IC.,... = 15.1 A 

output cure01 lo: 
10 = 2.0 A . 

7 Efficiency Improvement 

Au menthed  in ~ c t i o n  6.3 and U d y  verifyable by digicrl mmuhtion. 
the obbiubk efficiency U inloaced sukluti .LIy by the difIucnce - 
Or,.,,, besida by the loa contnbuliou of the d c o n d a c b n  and the 
e v e  component.. A bigh &aency U inwilrMy linked b a high UocLi~g 
v o l t y e  stress on TI (deiined by V L )  u d  b l a  trruformer 1-e (con- 
Dected with a high m ~ & t u i . g  e6orI). 

A ficticiou huuu of 0, (while adding  an incruu of tbe Moctiy v d t y e  
r l w  OD TI) U. now be achkcd by a p p l ~ i ~ g  a m o d  power I r a d b r  
T, (on the rcondary) and of M oulp.1 diode D (d. Pig.0, I& ade). TI 
U CUB& on at turn-off h t u t  of TI (cf. Fii.?, (c)). By rlorIing the 
W C M ~  winding tbe t r d o r n u b r y  ~ 0 ~ p l i . g  of a v d t y e  into the primary 
(which would dm down Lbe c u m 1  commnbtion) U ~pprcucd.  h e  b 
this, the c-1 commmtabn hkrd U Jorkned and Lbe I- VL u e  
d m c d  .ccordi.dy. 

ARct 1-g OU TI tbe magnebtiom QUQ ( s b d  in LU.X(M))  U fed into 
b lk output ri. diode D which prevent. r lort iq of Lbe ootpul v d l q e  when 
TI U tund  am. h e  (0 it. . a y  abort on-time ome Lu b dimenmion T, only 
muding the p.Lw curen: s(nrr u d  (rurirbr  with )m averwe currat  

uprbilitj U. be .pplid. Tk mtrd of T, which U ~~ICCUJ W 
b tbe 1 4  of TI hrthamore .Uan a simple ruliutim of the eontrd 
D+. Tkrrlorr, with A 4 h- of s p k m  complexity a -CADI 
wnm(~r &&9 impmeanent (or a dmcl ion  of the bl&g v d t y e  drar 
L TI. ropect idy)  U d e  porible. 

(b): cur+.( umn"mon Irom Lu.- &.IS.., LUAT,. L U J J M )  for 
U, = MIOV; 

(e): U (b), b.1  with power LIVrirbr Ta OD (Le w c ~ m d u J ;  er: 
function of TI, puked by the dotted uu; "cut commolrtbn hkmd 
t ,  E [t , .~,tJ + f i ~ d j  redneed U compand b (b), dmctim of the 
limiwiam h. 

- 

8 Conclusions 

+ Ideally. complete avoidance of la - f rquency  effects on the mains (pu- 
rely sinnsoidd maim currenb being in phue with the mains vdIa&es), 

+ simple structure of the power circnit and of the control circnit (constant 
p n k  frquencJ u d  - for the slrtionuy case - constant tum-on time 
of the power transistor d l m  the application of scmdud SMPS control 
I&), podbitit). of menling the outpot voltage to be contrdkd by a third 
transformer *ding which J.0 CM be lid for the internal supply of 
the systcm, 

+ high-frequency potentid separation b e t m n  AC and D C  sides (poui- 
bility of matching the input and outpnl voltye levels and reduction of 
the component mtress by proper choice of tbe torn# ratio), 

+ dmple control behavior (corraponb b a DClM D C D C  l lybck system 
(231. 124) dme b the timccoaulut averye power flow (cf. Eq.(lO))), 

+ f d  coutrdlbility of the power flow (inrosh-current limitation (slut-up 
or transient m n r o l b g a  of the 6). outpnt cnrrent limiktion ( l o d  

+ l a  arcnit effort when TU~OUS potentid separated ootput v d t y a  u e  

+ possibility of &NC p d d  operation of meverd conrertcn. 

- High p e d  enmen1 stras on the component. (high conduction l a r a .  
a p e d d y  if a MOSFET power transisbr U used, high rqnirements 
mguding the r S R  (eqnivaleut - r ia  rairtance) of the pusire c o m p  
meats (filtering and smoothing updbn e k . )  ), 

hdt.)). 

b be r d d ,  

- high Mocking voltye stress on the power semiconductors, 
- mnidirectiod m y n e t i u t i o n  of the truslormcn (low ul i lh t ion  of the 

- high filtering effort for adding condncted EM1 (electromynetic intet- 
cor-). 

(uence) - redoction of the power deuity of the system. 

The d v a n b g a  and drawbuts mentimed here correspond Io a large extent 
b ( h o e  of a DICM D C D C  l y b u t  converter; M appliutim of the mystem 
U a p d y  of inkrest for l a  output power (<IkW) u d  l a  rated mains 
voltye. 

P i y ,  there s h d  be pointed out that one u n  b a a i d l y  amid l a - f r q o c n c y  
dT~b on the mains O ~ J  Cor diwontimuou mode of the q s k m  (when t b m  
phue aag U I r d o r m d  iab DC encry and only a rimgle contrdled 
power dectrosic device U ued). The dmple syskm structmre being paid 
for bigh -11 &er therefon ( ~ t r u y  b DGDC coumkri) w m 0 1  be 
d m c d  by choaimg (Le c m r i m w  mode. 

List of SJmboL 

iD  1 

io, 
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LN 
LU.1 

1 

T 

y n  
U 

b u e r  u.c  l e t tam:  

upper c u e  htten: 

corrcnt throogh transistor TI 
input phase currents 
primary currents of ;be transformers 
(positive branches) 
primary currents of the transformers 
(negAtlVe branches) 
transformer aecondary currents 
coupling [actor between primary and 
aecondary windings 
mains filler induclanccs 
inductance of a primary winding 
(poaitive or negative branch) 
indoctance of a secondary winding 
nombcr of turns of A primary windin8 
number of tor- of A secondary winding 
output power 

power-egoivdent input resistance of the 
converter (Y-connection) 
(globd) time (within a fundrmeotd period) 
globd marimom d o e  of the aom of toro-on 

time of Ti and doralion of the 
demagnetisation p h u c  
m u n  p o n r  trmaiabr 

a n x i l ~ r y  power tranuator for redoction 
of the loua io U, 
M i n a  h n d r m e n t d  period, pnlae period 
micracopic ( I d )  time connted within 
a p d v  interval 
threshold rolhge of the v d h g e  Limilatioo 

IM~M p h u e  rd-es 
DC ootpot v d h g e  

maximum blocking volIage atreu on 71 
for non-idul magnetic co~pling 
maximum blocking voltage atreu on Ti 
for i d 4  magnetic co~pl ing  
relative tum-on time of Ti. dofy cyde 
pb.rc udgned (0 time f (vn = unt)  
within the fundunentd period 
muna m g d u  frquency 
tramformer l u k g e  coefficient 

&cdt  of Ti 

:huacteririag ( 1 4  or globd) 
timedependent qoontitia 
huactcriring timcindependent 
$OM mean or rma d o a  

bsU TdDC 

common wanting aubuript,  i d d  magnetic ~ 0 ~ p l i . g  
dohl masin" d n e  

global minimam d o e  

componmb betmm lhc p h u e  inpob u d  the 
wgative b u  bu of the p w  bridge 
compo8emb between the p h u e  L p o b  and the 
p a i t i i r c  b u  b u  of ILc primary bridge 
p L r  R or p h  S or phue T 
q u d r a t i c  mean d n e  

Loul t ime (rithin a pnhepuiod)  
p w  ride 
-duy ride 

time udgnmenr of a loul "01 d . c  
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