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A NEW CONTROL SYSTEM FOR COMMON
CATHODE AC POWER CONTROLLERS
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Er t ,g inccr i r tg

r\  bs t ract
In  th is  lc 'scarch a c lcs ign ot 'a  coutro l  (or  i i r ing)  c i rcu i t  is  f fcs! 'n tcd.  

- i -hc

srstcnr  is  b. rsct l  or r  a  cos i r rc  ro l t : rgc und a DC contro l  ro l tagc sc l tc t t tc .  
' l  

hc p l tasc
(r lc l . t r  )  ungle in  th is  t lcs iqnc 'c l  s)s tc ' ln  sh i ) \ \s  I  l i t tc - t  t ta t ts f t r  rc l l t ior tsh i l . ,  . lhc proposc 'd

rurethrr r l  pr t r rc . l  t t r  bc rcr r  lc l ieb lc  lnd c ; tn  bc c ' r tc t tc lcc l  to  c iosctL Ioop cor t l ro l .  lhc

l )11) l r ( )sc! i  c0r t l rLr l  e i rcr r i t  is  r r : . 'e l  tLr  cr )n i ro l  thd c lect r ie  p() r rc t  l l i r t t t  t l rc  cor l l l l to t t

cuthor l , - '  . \c  contro l  lc r .
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I l I n t s :  -  n I s  o u t p u t  c o n \  c r t r ' r  \  o l l l L . - .

u : -  dcLrr  . rng lc .
Lc:  -  c t rn l ro l  t lc  r  o l t i tge.
l :n l r r1 : -nrar imUnr orLtput  Vol larc  o l  cot l \cr ter .
l : i l :  -  nccat i rc  conlp lenrc l t t  o t 'co l t t ro i  dc t t r l tage.

l .  I  n  t r o d  u c t i o n
. \ \ . .  t .  r r . . , - ,  . " 1 r 1  r l  l . ; 1 . .  r t  r , : , 1  '  r ' : r : t t . ,  1 r l '  r n p l i 1 , 1 l 1 i r 1 1 s  i r t  v l t : i r r r t r  t l  l l s l r i l r l  l l c l i l s

' I  
hcsc l lc lds ler rgc f ionr  l ight  r l inrnrcrs.  Ac nr t r to ts  contro l  .pouc ' r  co l t t [o l  anc l  ] lc l t

i o r l l f o l
One o1 ' t l t . '  nn in as l . rccts  in  . , \c  polcr  coutro l lcrs  is  t l lc  cor) t ro l  o t  f l r ing c i rc t r i t  th l t t

c o n t f o l  J r ! ) f t i r ) n  o l ' t h c . \ c  r a r c . - l - l t c  p c r i t r t l  i s  c l c l r n c d  b l  t h c ' p h l i s t ' i t r  c i . ' l a r  i t t l l l c

C or l l ro l  nrc tho( ls  l , r : . -d  r ) i r  z ! - r ' r . r  cr ( )ss i | tq  tec l t t t i ( lL tcs ' , r  as Ltsct l  . ' l  l tc  cot l l r0 i lc 'd

tcchni t lLrc  r r ls  nr . r r ruul  t l l r t  is  r l r r r inc t l t . -  t inre c( ) l ts t i t t t t  o f  thc cc l tn in  555 t i tnes Lrs ing

r : L r i a h l c  r t s  i s  t t , r ' s  l l l
Ih is  l rs . ' l rch pfcsL 'nts  l  I ta \ \  s \ i lar t ' t  r th ich is  bascci  or t  a  cos i l tc  co l ' i t ro l  vo l taqc

t l t r i rc t l  l l . t rnr  t l l ! -  input  su1- ,p l r  ro l t ruc.  lhc cos ine ro l tage is  in tc fscc lcd r i i t l t  a  co l t t r t t l

r  Lr l taqc .  l  l rc  I r lc r l l r )5 ! 'd  5\  s tc t t t  s( l l \  c : \  thc sr  nchro l l izat ion probl ! -n)

2.  Thc Ac po\ \  c r  cont ro l lc r
. \c  prr rc t  can be crr r ' t t ro l lc t i  r ts i t tg l  t lo  ant i  p l l l l ic l  t l t l r is tors or  a t f iac as s l to* l r

in  l rg  L Se r  cr .L l  c i tcLr i l  h l r , - '  bccn l - ' rcscntet l  in  th is  f lc ' ld  such as thc c t rn l t t to t t  ca l l to t ic

c i l c l i l  s l t o l p  i n  i i g  l . t h i s  c i r c u i t  t l , r c s  n t r l  r c q u i t c ' i s o l a t . ' d  g a t c  s i g n t r l s  b c c l t t t s c  o l ' t h c

e(rntnt r )n cJ l l to tLc c0nncct i r r l l  t , t ' l l lc  t \ \ t )  t l l ) r is tors
' I  

h e  c t , n t | L r l  p r  l r r i n g  { t r i g g c r i n g )  c i r c L r i t  s h o L r l d  b c  d e s i g n c r l  l l c c o f l l i l t g  t L r  l i c i l L t i r c r l

spcc i l ic l t i r ,n  ar t i l  t l tc  tcc l r - t i rc . l  pot ic t  cor l t ro l  le l l lc
. l  

l rc  c l lcer i rc .  l l r r ! l  \ \ ide lv  L ls t 'J  l lc th() ( l  o1 'contro l l i t rg  t l tc  arcr l rsc | ( ) \ \cr  lo  . l  l t tad is  br

l . \1 tJ : j  c( r t )1r ( ) l  l l t ! ' t l to( l  \ \ l i ic l t  is  nrcrc l l  r  u t i l iz l t ion o l  t l ie  l r i lc  to  l tpp l r  thc l tc  s t lp l l l r

t r )  l l t r  l ( ) x r l  l i r l  t L  c o n l l o l l c r l  l i : L c l i o n  t r l ' b o t h  p o s i l i \ ! ' l t n ( l  n c { a t i \ c  c r c l c s .  I I t  t l r i s  r l t o L l c

( r l  ! ) l l e t i l t i r ) 1 .  l l t c  t l i l r c  i s  h c l r l  i n  o l l  o r  o p c n  c o t t d i t i o t t  i l t  i t  t i n l c  i r t  t l l t  l l r : t  l r l l l  c r c l t

r r I i c ] r  i s  r l c t c r n t i n c r l  b v  t l i e  p r o p o s c t l  c o r t t l o l  c i r c r t i t r r .  I t t  t l r c  o r t  c o t t r . l i t i o t t .  l h c  c i r c L r i t
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is l imitc-d onlr  bv the load .H!.nce thc appl ied vol tage to the load is thc inpur lcss thc
tbrrr  ard drop of thc tr iac

In spi te ot '  i ts l rset i r lness. phase control  has some disaclvantaqes .- l 'he ntain
disadrantaqe in phase control  is the generat ion of  c lectrontagnct ic intef fcrencc. For
crcrr  t i r rc thc tr iac is t l red (or t r iggered )  the current r ises f iom zero to loat l  i i rn i ted
cLrrrcnl  dur ins a ren short  t i r le intenal  .The rcsul t ing di 'dt  gen. ' rates a l idc
spcctrLrnr of '  noisc that ntav intcrt i rc.  s i th the opcrat ior.r  o l 'acl jacenl elcctronic
cr. lu iprnrcnt r ih ic l t  cal ls fbr prtrper t i l ter ing techniques.

1- I { I  \C '

LOA I ) LO.\ I)

Fig I  . \c pol  cr  control lcrs
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Fig 2 the c0nl rnon c: r thodc c i rcu i t

3.  the  Ac  po \ r 'e r  l s  a  func t ion  o f  the  de la l '  ang le' l- l tc r lr i trrLs rclut ions ofcrrrrcnt antl  roltagc arc t lrst cleri icd. ancl then an attcnlpt is
i l l r ) \ \ r I  lo  t lc l i rc  thc por ic l  c lc l i rcrc . l  to  the IorLt l  as a f i rnct ion o l ' thc ancLt lar  pc l iod (or-

t le  l r t r  lLn l  lc  cr  ) .
S i i r c c  t h c  l r , l . l  r o l l e g . '  i s  s r n r n r . ' t r i c a l  o r c r  t l r r '  o r i g i n .  i t  s  a \ ! . r t { c  r a l u c  o t c r  t r

e t rnrPlc ic  crc lc  is  zc ' r 'o .  I Iosr ' rc i . .  t l lc  l \cra l rc  rec l i l ic r l  vo l t i rgc 'orcr  thc hnl f '  pc. r io t l  is
i l l l 1 , t r I 1 ' , 1 1 1 ' , , , . 1  .

l : . , -  t r l  I :  ; r )  ( l - c o s u )  ( l )

In  or t ier  t r r  t r l r iu in  t l rc  por , . . ' r  r ic l i r t - rce l  to  t l te  rcs is t i ic  lo : td .  thc rnrs ra lLLc of thc lo lc l
\  ( ) l l . t ! . lC  tS .

q r ' R r

I : , , , , . " 1 r  I l -  l r r  ; r 1 ' s i 1 1 1 - r , r 1  
' '  - 1  I  I ( l )



- l  
hcrc ' lbre the rms load current rs.

I=1 . , I - (d in )+s in (2c r ) , ' 2 r l r t  ( : )

\\ hcrc
r , :E  R r

l i :  c l ! ' ] r  t l ) i l t  thr 'nr t \ in ]LLt I  rnrs lo l ld  currcnt  occurs at  c t  =0

Thc R\1S cLLrrcnt  lhrou{h c 'ach SCR rs

f ..t . 0 rrJl /tt .h. I 7 -.,-. ,^ ! ,aclJ Z 
"l,L 

a.rlr alrr

I : r  i r : 0 . 7 0 7 1 , ,  l 1 - 1 r y ,  n ) - s i n  1 2 u  I  2 r l r  r

I l rc  fxr .  S[ 'R cLl r r ! ' ] ' i l  rc lar fad t t l  i t  s  r rar imutr - t  Yaluc is .

I ' . q  q . , , .  I ' . , q  . . , .  l  1 - t u  ; r ) - s i n  ( l r - r ) ' l n l l  r

l l ' .  t i r : r '  t : .  .  r .  l ' S (  R , . t l t r - l r t  i : .

I : l : . , , r - l : ,  1 . , , .  l . . i R . r r - ( I  1  r c o s t l  )  [ n { n - c r - s i n  ( 2 n 1 ' r l , 1 l  
'

' l  
hc p. - lk  cuf rent  thro l lsh the SCR depends t tpon the valLtc

J hc '  r l t i t r  o f  pc ' . tk  t0  I rean SCR ct l r rent  is

I : ,  r r  r . : , , r  l : i  r r  . , , -  ( l ; r  l -e  r rss. )  ibr  O:u! ; r ' ' l

(+ )

( 5 )

( 6 )
of  thc t le ler  anslc .

I ,q  1q p- . , ,1  I ' i l  . : ( l ; r  s in  L/ .  1-cos&)
l  hc lo l . l  porr  cr  is .

P r  = P . ,  { ; l - u - s i n  ( l o , )  l )
u  hcrc

I ' , -E l  ; r l { r

tbr n,'l<u<;r

( t J

(8 )

(e)

I  hc noln l r l iz . ' i l  c r r r \  es o l  \  l f ious c lcct r ic  qual t t i t ies against  l i r ing angk '  arc s l )o\ \  n  i l l

l ls  -1 .
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J .  Cos ine  cont ro l  o f  phase (de la1)  ang le
In this schemc ot 'cont|ol.  a control DC voltage Ec gcnerates the l i r ing pulscs fbr

SRCI: rnd SRCI of  the cot ] rn]ou c i r thoLie Ac polver  contro l le l .  Th!-  proposccl  s \s t ! -n ]

r rh ich is  d. -s igned in  th is  rcseuch gc l lcretes the p l r lses at  the cross i l lg  points  ot ' thc

c.n i rL) l  \o l t i i l lc  iu td a s \  nc l i ro t tL 'Jus11 gcneratcd cosinc ro l tage r ih ich is  to  be dcr i rec l

Ibr I  the input  r  o l t lu . .  supph.  Onc-  o1 ' t l le  n lost  in lpor tant  cousic le tat ion in  the c lcs ign

oi '  an|  t i r ing c i r .cL i i t  usc i l  in  . \c  conrro l lers  is  thc \ \a \  o f  svnchroniz i t tg  the po$er

c i lcLLi r  u i th  t l lc  r ! ' le \ : l11t  contr ! - . \ l  (or  l i r ing )c i lcu i t .such t i ra t  the phasc (c lc la l  )anglc  is

ntc ; lSLLrcd r r  i th  rcspect  to  t i la  Sl l l t le  r  o l t t tgc zero as that  of  the pos er  c i rcr t i t  r \  gencr l l

l , l . rck i l i : rg lunr  o l  thc; r r t rp t rsc. l  cot t t ro l  scheme is  sho*r  in  t ig  -1.  Thc t i r l l i t rg  c l iagranls

i r f c  5 l 1 o \ \ n  i n  f l g  5 .
l l t t  pr , ,h lcr r r  t l t . l t  no\ \  u : . isc.  is  l to*  tO nroJ i l r  the proposet l  n ] ! ' t l lor l  sL lch t l la t

t r ro  l r r . in , t  pLLlsc:  l rc  obt : r inc. l  in  r r : . lc r  t t r  I l r ! -  SCRI lnd SCRI t t t ' t l tc  cot t . t t t to l l  c l t l to t lc

. . \e  co l t r ' , r l lc rs .  
- l  

h i :  pro l r l . 'n t  \ \J5 so l \ ! ' r i  br  in t r t l . iLrc i t tg  l l lc  contro l  \ ( ) l t i lgc [ ] (  lu l ( l  i l 'S

lu js . l t i \c  c ! r l .nLr lcr11r ' t i t  l : ,  l rc l l r reJ l t r  i ls  E l ) .  Ihcsc t \o  ro l l lgcs arc co l l lp l t tcc i  r i i th

t l t ! :cos inc ro l r : rgc t lc r i reJ l i r rn t  the inpLr t  - . \c  suppl l .  
- l  

he t i r - ing pulsc 's  Ibr  SC I t I  is

rcu! ' f . l lc r l  t l  r r r 'n  thc.  c loss i t tg  p() i t1 lS Of  Ec i lnd the cosinc ' ro l t lq . '  .  I to* 'evcr  thc t i r ing

pLr lscs of  SCRI is  {en!- ratcr l  l iont  the cross i t lq  pt l in ts  of  -E1 $ i th  thc t lc ' r i r  c t l  cos inc

r trltugc. thc' L.,lock riircrent 1-r f 1l1g prirptrsc'tl nl.thod is no\\ nl0ditl!-d to that ol'1lg 6.

.  - - - -  
. - -  .  . - - .  

- )
\ i l i r  L l  r r \ r  (  I  \ l l l !  r \ . 1 \ r

t  n r  ns l 'o  r r rc r  l i i  gcncr i l to r

f - - --" t rr , -  I

F i g  I  b l o c k  t l i l g r r t n t  o f  t h c  p r o p o s c d  c o s i n c  c o n t r o l  m e t h o t l

r-
Lr '

I ' r r  l '  t  i r  l o c l s .  i r r  "
c t  t  c t t  l l \
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Fig 5 t inr ing d iugr:r  nrs

I n l ) u t s u l ) p l \

S { c f  d o \ \  n
t r lr  n s fornl er

Conrpr r l l to r  I Pu lse  process ing
c i rcu i ts  I

Conrp l t r : t l o r  I Pulse  proccss ing
c i r c u i t s  2

Fig ( r  nrodi l ic : t t ion of  thc proposcd svstcnt
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{ .1  \ {a themat ica l  an : r l1 's is  o f  the  proposed cos ine  cont ro l  mcthod
For thc cosine n lethod.  the at t ! -n tpt  is  ntade to der i . ,  e  thc phase anqle i t i  te t  l l ls

of  th . '  contro l  s ignal  Iq .
S inc. '

\ ' ( r i - E " , . , , ,  C o s ( \ \  t  )

. . \ t  thc cross ing point  [ ] i t \ \  r 'ar l  the col l t r . r i  lo l taue I i , -  l l ld  cos inc ro i l i rgc.

\ '  1 t  ) -E,  l r r ! l  \ \ t=u

l- h r'n

I , L  = [ : , , . ,  C  o s r r

c i ,  C  t r s  : ( l : r  [ ] , , . , . )

' l - l rc  
oLr tpt t t  ro l l : t lc -  t r f  t l rc-  co l t \ar t ! ' r  is  g i rc 'n  br .

I i , , : l : , , , , ' . ;  Cosrr ,

- l : , , , . , .  C o s  I c o s ' ' l [ : .  I ] , , ,  ' t l

-l 
he'rl

I : ,  - N t l - - (

\\ 'h c rc

(  1 0 )

( l l )

( 1 1 )

( [ )

( l + )

( 1 5 )

K t : I r n i i \  I  I ] , , . , ,

l r  s  c lcnr  t l l l t r  thc cos i t i ! -  contro l  sc l tc l l tc  proVic lcs a L i l tcar  t |ar ts fc l '

c i r . t |uetc ' t is t ics b. - t r rccr t  tha ot l t IL l t  ro l t lqc I l i )  a l ld  th ! 'co l l t ro l  r t l i lauc [ :1

l i . ' l i ' r r ing ro cq 11.  thc lC r r t r rnt l t l izc i l  poucrcat t  bc r . ' r r r i t ten t ts in{  c l l  9 .  s( ) .

I ) 1 -  f ; r - C t s r 1 l : !  8 , . . , . )  - S i n l  ( C o s ' ( E ,  8 , , . , . ' ) t ] ( l r ' 1

- l ' l te  
!_ . , t ru  cr  ( rut l_ . rL l r  i l .on1 thc c t tn t ro l lc . r  is  I  t i tnct ion of  thc contro l  ro l t i rgc I :1  .

l ls ing th is  p l .o IL)5! ' !L  cr ) t l r r i ) l  : . l lc l l l r ' t l ic  i lc l i r . ' r lJ  poucr  is  rat  ic t l  l t r  r l r rv ing t l te

cont l1 . ) ]  r i , l tng. i .  (  lLrsct ]  lLro l )  cont | i t l  n l i i1  a lSO bc i rn  p l ! 'n . ]entcc l  L ts i t ts  t l i is  l l toposccl

sc h c  nr . - .
1 . 2  I n r p l c n t c n t r t t i o n  o f  t l t e  p r o p o s e t l  c o s i n e  c o n t r o l  s c h c n t e

- l -h . '  
c lcs ignct l  sr  s tcnt  is  sp l i t  in  to  thc i i rL lou ing stagcs:-

J . 2 . 1  S t l g e  o n c
l t t  th is  s t ' rgc t ) tc  i l l l - ru1 \o l l i lg ! '  io l ' th ! - . \c  conl ro l lcr )  is  s tc l lpcd t lout l  a t t r l  thcr t

i l lcgf i l tc ( l  t0  qc l ter i t la  l t  sr t tCl l ro l l iz . ' r l  COSinc \Ol l lgc- .  lhcn i t  s  Crr l l l l l i l fc t l  tO l l le

e\ r r i f r r l  \o l tuLa I t ,  l i : rJ  i t  5  I ]cL i l l i \c  co l t lp lc t l l t t . l t  l : l  . ' l -hc t r r t l  7r ' l lc r  d i r ) ( l ! 's  cot t l tcctc t l

l r . re l i  to  l r . rck c l .  t t I  t l tc  cLr l t l f t ) l  ro l t r r .c  I :1  l tc lo$ thc '  [ - r ! 'ak \ i l l t la  t r l ' the cosi t ic  ro l t l tgc

{ 1 r , , , ,  I  f  l l c  e o r t t f ( ) l  r o l t l t r : c  l i ,  i s  i l t r c r t e t l  t ' r  I  t r t t i t l  g a i n  a n l p l i t r c r  1 0  1 1 i \ c  l t  s

i n r c I s l  s i g r r : r l  t [ : , 1 ) .  C r r r n p : i r i n l  l : q  l l t t d  I : , 1  u i t h  l l l c  c r r s i t l c r  V t l l t a g c  $ i l l  p r L r t l L L c c  s i g t l l r l s

t :  J . r l  c .  i l s p e e r i r c l .  I S c s c  s i g r : L l s  a r c  I r l : l )  t o  I r ' r o n o  s t a h i e  \ 1 ;  a r t J  \ 1 r  t ( )  i r r o t i t L e c
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sisnal  er  and eh f r -spect ive l l  .  These s ignals  t r igger  a set  - rest  t l ip  - t iop ( | -F)  to

ger ' rarate s ignals  e,  and e, .

J .2.2 St : r ;1e ht  o
' fh is  

s tage consis ls  of  n todulat ing s ignal  e , ;  and e;  a i  a  h igh t icquer lc l  (usual l l

l5  -10 KHZ).  
' l -h is  

s tage \ \as in lp lL 'mer l ted b1 '  Anding each s ignal  (er  anl i  e , r  h1 '  a  h igh

tr .ec lucncr  f ionr  a 555 t in t ! . r .  I t 'S c lear  that  a moi lu la ted f i r i r rg  pLr lsc tbr  SCRland

SCRI r r i l l  rcc luce gate c i iss ipat ior r  and e l tsure t i r ing the|e lb le reduci t tg  the r isk o1 '

nr is tl ri nq.
1.2. -1 St lgc th  rcc

' l -hc 
proposet i  s \s tcnt  l las s ! 'neratcd t l ro  pulse (e,  and e,  ,  .  Thcse pt l lses should

l rc  sr f ! )ng cnoLrq l t  tO c 'nsufc l l r ing lhe re lcrant  SCR ( thc cr i ter ia  tb |  th is  is  \ " r ; r  & I r , r ) .

lhr 'Lc l i rc  a sLLi tnblc  rntp l i l ic r  is  Jes igncd us ing a Dal l ington t la l ls is t ) f  an lp l i f ier  t t r

lnrp l i l - r  the prr isc cr r r rcnt .  In  r . lc i i t ion ln  adequi l lc  iso l r t ion bet \eer t  t l tc  poucI  c i rcr t i t

( . \c  coutro lLcf )  xurL t l lc  contr ( ) l  c i lcu i t  inrp lcnrentcr l .  hcncc p lL lsc t t lu ts lbr t t rc ' r  iso lat ion

ls  suqgcstc(1.
l l tL-  cor 'np lc tL.  i lcs i r rn. ' i l  s \s tanr  i ina l  rc lcranl  t inr inc d i lgr . r tn  i l rc  5ho\ \ t t  i t l  l ig  7

anr i  l ig  8 rcspdct  ivc lv
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F ig  7  i n rp le  n rcn ta t i on  o f  t hc  p ropos
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5.  Exper imenta l  Resul ts
The proposed control  c i rcui t  sas sinlulatecl  and tcsted ui th var iable loacl

concl i t ion. The rc-sul ts s l iou th:r t  thcre is a l inear var iat ion bet\ \ 'eel t  e lectr ic qtrant i t ies

srLch as del i r  ered load pos cr load ct l r rent and thc tbrur tnctor.  The relc\  ont graphs arc

shoun in f ig 9.  l ig l0 and i ig 1l  respcct ivel l .  l t  s also sccn that the proposcd nret i rod
gives re l iable phas.-  control  ( t iont l0 ' i i r  to 9596 ol ' thc AC sine lavc).
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CONTROL VOLTAGE (E c)

F ig 9 nornr l l izcd load currcnt versus crtntrol  vol t i rge

CONTROL VOLTAGE (Ec )

Fig l0 nornral izct l  lo: td po*er vcrsus control  vol t : tge
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CONTROL VOLTAGE (EC)

Fig I  I  fo lnr I ' r lctor I  ct 'st ts control  vol t : lgc

Conc lus ions
Fronr thc rcstr l ts obraincd the f i r l lorr  in i l  concl l ts ions cat l  be dr i ' r*  n:-

1.  
' f l ic  prtrposct l  svste t l  ot- ters a rel iablc pl lase control  schenle'

L  r  i , _ . i . i . L r  . L l 1 - j .  r . i i r  l i  i . , i  r - . 1  ' i  i . l t : . i t _ . . i i ; ;  I i . |  ' , . I , r . . , I ' 1 I I -  e , , l l i l ' r l  ' , L r l i . r r l r r  l : . .

.1 .  S)nchronizatron is  autoul i l t ica l ly  achrerc, - l  s incc thc-  cos ine Vol tagc is  t lc r i |cd l ror t l

lh ! 's tc l )  ( l r ) \ \ l l  i l tpLLt  r t r l tauc of  the. \c  c t )nt ro l lcr .
-1 .  (  los. '1  lpo1.r  coptro l  crn cas i l r  bc inrp lenrcnt . - t l . ' i  i r is  is  done br  t icc l i l lg  t l lc  f r l l l l lL l t

s ignal  hnck to thc i t lpL l t  ar tc l  conl l l l r iu{  i t  $  i th  a [c lcrc l ]cc \  a l t lc

i . , \  r i i , l c  r i l n s ! '  o t ' c o r i t l o l  o f  r h c  p h r s c  1 d c l a l  ) r n q l c  c a r l  l r c  a c h i c ' r e d  b , ' r ' a r ,  i r r g  t h c

c r ) l t l l o I  \  ( ) l l i l ge .

6.  
' i  

hc l t roprrscc l  sr  s lcnt  is  r  er r  n ]Lrch sLr i tab l . '  lbr  l ight  c l immcrs.  h! ' i l l  c ( ) l11ro l  s \  s tc l l l )

e l r r l  . - \c  I r0 tot '  c0 l l l ro l .

7 .  
- fhc 

pr t r l t , rscd s\s t ! 'n ]  g i rcs l t  i incar  r . - la t ionship bet t rccn t i lc  co l i \ ( r tcr  oL l t l lL l t

r  o l taqc an. l  t l lc  cont f ( r l  \  o l t i lgc

! i .  . \  l inc. r r  r .c l . r t ionshi l t  is  t , f rs l r r . 'J  bct \ r  c . ' r ' r  the p0$cr  c lc l i r . 'Let l  t r . r  lhc l t led l rnd the

c o l l t t ) l  r  o l t e g r ' .

I le fe rcnccs
l .  . \ l t i r t lo  r )chro .  . , \ l ! . \ l iLra ani l  Gubr ic l  CionzaL'z .  

' f l igh l {csoLLr t ion Dig i t r l  I ) in tn le" '

. \pp l ic l i t ion \otc '  \ t l r  cn lLr t ' t  l ( )99

I  I ) . L  . : c n .  " p ( r \ \ c f  e l . c l r r l l l i c s ' .  l ' l t t c  \ l c  g r r ' *  h i l l  p u b l i s h i n g  c o n l p l t l l r  l 9 l l 7  
^ . . , h

-1.  I { lLr r .  \ \ ' l t l l .  : in t l t le  nrc lhor ls  t i r r  dc ' tcct inT Zcto c foSSing" .  l l foccL ' ! l in i l  o l  thr ' -  l9 '

. \ | l n L r , r l  e o n l e r . e r r e c  r ) l l l t c  I l r l l : .  I n i l L r s t r r a l  c ] e c t f t ) l l i c s  s o c i c t r  p r 1 . l c t 0 0 0 l 9 l .

l ( ) r l l
- 1 .  I ) . ( .  s c n .  " l  l t \  f i 5 t o f s  D C  d r i r  c s " .  i i  \ \ ' i l c r  i n t c l s c i c n e e  p L r b l i c a t i o n '  1 9 3 1  '



i . . t  ,0 r :J l  / f  . , "11 / ; , . , , . . , . r .  I  p4Jl  /  Ja _"L 
" l r

5 Richard \ \e idenburs F.p Da*son .  ancr R Borert  .  "Ner 'S'nchror izat i . '  Nlethorr
For Thyr istor Po*er con'ertc-rs To \ \ 'eak Ac Sl 'stenrs, ' .  rEEE Transact ions onInr lLrstr ia l  Elc-crronics \ f  o l  -10 . \o 5 .Octob.,r  .  toOj pp 505-, i  i  l .

6 l ' .  Nussbaunrer.  K. N{ i 'o.  and J. \ \ ' .  Koiar.  "Design and comparat i 'c  E'aiuat ion of' fhrc 'c 
phase Buck+Boost and Boost-Buck Unit '  po*.er Facror p\ \ ' \ r  Re,ct i f rer

S1 stent for Suppl l  inc \rar i rblc '  Dc Volragc L i ' (  C.onr. .erters,  .  lS, '  I ; , ; " ; , - . ; ; ; ; i
Conf 'ercnce on Porl  er Electronics (pCI j \ ,1) .  Nurnberg. Gc.rntanr. .

T l  Sakai.  T KarrakLrbo. ancl  \ r .  Suetakc "A \e* l  S1.str 'nr  t t r  
- r  

r . i , . . . r :cr  F.st  [ { isc
l  hr r istors".  Nat iorul  latrorartrrr  tbr hiuh enerur phr s icr .  Japan.

5 j_j l  - l i .

>:-:i-1 .!-J1

;J-i: !r__-::

4-..a)l-rlJ

_ii. ; .:r__*! ,_; 3 jttrtr ( a 
.irl) .. JL :_ gj- 2+.-- r _!i,j .,-,il r> JtL+

C- $':'ii ; l.+*.--+ *+, _* j;ill .1 r -L "+-,!t "* ,; . j. j,.:_Jt dL rS1

;. .3;:j !;1: j i  4,"-rl - j j lr *- *,-t; . i . i- i .-!_l ' jr r i-! r--t} ! i ,J.L)(l

,.ss-!l; .J J'-riit ,,.-r -S';- a;- .L 3 I!1 ,+:-n< ji- 
;h ; +i;.lJr ,:.r

..;,-1 -.i1 ; !:it ,J-,


