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©  Power  unit. 

The  power  unit  supplies  two  output  voltages  +UA,  -UA 
having  opposite  polarities  and  a  common  zero  potential  (0). 
To  ensure  symmetrical  loading  on  the  common  neutral 
conductor,  a  current  balancing  circuit  is  provided  in  the 
power  unit  between  the  rectifiers  (D1,  D2)  and  the  longitudin- 
al  regulators  (IC1,  IC2). 



The  i n v e n t i o n   r e l a t e s   to  power  un i t s   having  two  o u t p u t  

v o l t a g e s   of  oppos i t e   p o l a r i t y   and  common  zero  p o t e n t i a l   which,  f o r  

connec t ion   to  an  input   a . c .   v o l t a g e ,   has  a  r e c t i f i e r   and  a  l i n e a r  

l o n g i t u d i n a l   r e g u l a t o r   for  each  output  v o l t a g e .  

Such  a  power  un i t   is  known  from  the  a r t i c l e   " I n t e g r a t e d  

Voltage  Regu l a to r "   in  E l e k t r o n i k   Entwicklung  6 / 1 9 7 9 , p p . 2 4   to  46.  

I n s t a l l a t i o n s   are  known  which  have  a  c e n t r a l   mains  s u p p l y  

connected  via  a  t r a n s f o r m e r   to  a  t r a n s m i t t e r   with  an  i n c o r p o r a t e d  

power  un i t   and  a  p l u r a l i t y   of  remote  e l e c t r o n i c   r e g u l a t o r s   e a c h  

having  an  i n c o r p o r a t e d   power  un i t .   To  reduce  the  number  of  l i n e s  

which  have  to  be  i n s t a l l e d ,   o n e  c o n n e c t i o n   of  the  secondary  w i n d i n g  

of  the  t r a n s f o r m e r   is  chosen  as  the  zero  p o t e n t i a l .   The  s e c o n d a r y  

winding  s u p p l i e s   a  v o l t a g e   serv ing   as  an  input   a . c .  v o l t a g e   U   t o  

the  t r a n s m i t t e r   and  the  r e g u l a t o r s .   The  t r a n s m i t t e r   v o l t a g e   at  an  

output   A  of  the  t r a n s m i t t e r   is  also  r e l a t e d   to  th is   zero  p o t e n t i a l .  

The  t r a n s m i t t e r   v o l t a g e   is  app l ied   to  inputs   E1  to  E4  of  t h e  

r e g u l a t o r s   3a-d,  r e s p e c t i v e l y ,   and  is  used  for  the  c o n t r o l   t h e r e o f .  

I t   is  a  problem  to  provide  a  power  un i t   of  the  a f o r e -  

mentioned  type  having  a  ba lanced  load  of  the  common  zero  p o t e n t i a l  

l i n e .  

According  to  the  i n v e n t i o n   there   is  p rovided  a  power  u n i t  

with  two  output   v o l t a g e s   of  oppos i te   p o l a r i t y   and  common  z e r o  

p o t e n t i a l   which,  for  connec t ion   to  an   input   a . c .   v o l t a g e ,   has  a 

r e c t i f i e r   and  a  l i n e a r   l o n g i t u d i n a l   r e g u l a t o r   for  each  o u t p u t  

v o l t a g e ,   c h a r a c t e r i z e d   in  tha t   a  cu r r en t   b a l a n c i n g   c i r c u i t   (4,  5,  6)  

is  a r ranged  between  the  r e c t i f i e r s  ( D 1 ,   D2)  and  the  l o n g i t u d i n a l  

r e g u l a t o r s   (IC1,  IC2)  and  tha t   the  l ine  c a r ry ing   the  zero  p o t e n t i a l  

(0)  is  connected  to  one  o f  t h e   two  l ines   of  the  input   a .c .   v o l t a g e  

( i U .  

Power  un i t s   accord ing   to  the  i n v e n t i o n   have  a  b a l a n c e d  



cu r r en t   on  the  zero  p o t e n t i a l   l ine .   As  a  r e s u l t ,   i t   is  p o s s i b l e   t o  

use  a  common  n e u t r a l   conductor   which  reduces  expend i tu re   in  c o n n e c t i o n  

with  the  l i ne .   It   is  even  p o s s i b l e   to  connect  r e g u l a t o r s   with  a  

swi tch ing   behaviour   and  can  be  c o n t r o l l e d   with  a  d.c.   vo l tage   f rom 

the  remote  t r a n s m i t t e r ,   wi thou t   feedbacks  o c c u r r i n g .  

The  i n v e n t i o n ,   wi l l   now  be  d e s c r i b e d ,   by  way  of  example ,  

with  r e f e r e n c e   to  the  accompanying  drawings,   in  w h i c h : -  

Fig  1  a  block  c i r c u i t   diagram  of  a  known  i n s t a l l a t i o n   with  a  c e n t r a l  

t r a n s m i t t e r   and  r e g u l a t o r s   remote  t h e r e f r o m ;  

Fig  2  a  c i r c u i t   diagram  of  a  power  un i t   accord ing   to  the  i n v e n t i o n  

with  a  c u r r e n t   ba l anc ing   c i r c u i t ;   and 

Fig  3  a  c i r c u i t   diagram  of  a  f u r t h e r   power  uni t   according  to  t h e  

i n v e n t i o n .   R e f e r r i n g   to  Fig  1,  a  known  i n s t a l l a t i o n   has  a  

c e n t r a l   mains  supply  connected  via  a  t r ans fo rmer   1.  to  a  

t r a n s m i t t e r   2  with  i n c o r p o r a t e d   power  un i t   and  a  p l u r a l i t y  

of  remote  e l e c t r o n i c   r e g u l a t o r s   3a -   3d  each  having  a n  

i n c o r p o r a t e d   power  u n i t .   To  reduce  the  number  of  l i n e s  

which  have  to  be  i n s t a l l e d ,   one  connec t ion   of  the  s e c o n d a r y  

winding  of  the  t r a n s f o r m e r   1  is  chosen  as  the  zero  p o t e n t i a l .  

The  secondary  winding  supp l i e s   a  vo l t age   se rv ing   as  an  i n p u t  

a .c .   v o l t a g e   U,  to  the  t r a n s m i t t e r   2  and  the  r e g u l a t o r s   3 a - d .  

The  t r a n s m i t t e r   vo l t age   at  an  output   of  A  of  the  t r a n s m i t t e r  

2  is  a lso  r e l a t e d   to  th is   zero  p o t e n t i a l .   The  t r a n s m i t t e r  

v o l t a g e   is  app l i ed   to  inputs   E1  to  E4  of  the  r e g u l a t o r s  

3a-d,  r e s p e c t i v e l y ,   and  is  used  for  the  con t ro l   t h e r e o f .  

Fig  2  shows  a  power  un i t ,   to  whose  input   t e rmina l s   a r e  

app l ied   the  input   a . c .   v o l t a g e   U  .   The  lower  input   t e rmina l   i n  

Fig  2  has  zero  p o t e n t i a l   and  is  de s igna t ed   by  0.  The  input  a . c .  

vo l t age   U,  is  r e c t i f i e d   by  two  r e c t i f i e r s   D1  and  D2.  As  t h e  

r e c t i f i e r s   have  oppos i t e   p o l a r i t y ,   two  vo l t ages   occur  at  the  two 



fo l lowing   c a p a c i t o r s   Cl  and  C2  with  d i f f e r e n t   p o l a r i t i e s   r e l a t e d  

to  the  common  zero  p o t e n t i a l .   These  two  v o l t a g e s   are  app l i ed   by 

means  of  low-valued  r e s i s t o r s   R1  or  R2  of  a  c u r r e n t   m e a s u r i n g  

c i r c u i t   4  to  in  each  case  one  l i n e a r   l o n g i t u d i n a l   r e g u l a t o r   IC1 

or  IC2.  In  the  r e p r e s e n t e d   embodiment,  the  l o n g i t u d i n a l   r e g u l a t o r s  

comprise  known  i n t e g r a t e d   vo l tage   r e g u l a t o r s .   L o n g i t u d i n a l  

r e g u l a t o r s   IC1  and  IC2  are  wired  to  c a p a c i t o r s   C3  to  C6  in  o r d e r  

to  p reven t   undes i r ed   o s c i l l a t i o n s .   The  two  output   v o l t a g e s   +UA 

and  -UA,  r e l a t e d   to  the  zero  p o t e n t i a l   0 ,  



a r e   t h e n   a v a i l a b l e   a t   t h e   i n d i c a t e d   t e r m i n a l s .  

To  c u r r e n t   m e a s u r i n g   c i r c u i t   4  i s   c o n n e c t e d   a  

c o m p a r a t o r   c i r c u i t   5  a n d   to   t h e   l a t t e r   a  c u r r e n t  

c o n t r o l   c i r c u i t   6.  T o g e t h e r   a l l   t h e   t h r e e   c i r c u i t s   4,  5 

a n d   6  f o rm  a  c u r r e n t   b a l a n c i n g   c i r c u i t .  

The  c u r r e n t   m e a s u r i n g   c i r c u i t   4  c o m p r i s e s  a  

b r i d g e   c i r c u i t   f o r m e d   f r o m   r e s i s t o r s   R3  t o   R6  and   w h i c h  

m e a s u r e s   t h e   v o l t a g e   d r o p   c o r r e s p o n d i n g   t o   t h e   c u r r e n t  

J 1  o r   J2  t h r o u g h   r e s i s t o r   Rl  o r   R2.  T h e s e   v o l t a g e   v a l u e s  

r e a c h   t h e   c o m p a r a t o r   c i r c u i t   5,  w h i c h   c o m p r i s e s   t h e  

o p e r a t i o n a l   a m p l i f i e r   IC3  a n d   t h e   r e s i s t o r s   R7  and   R8 

a t   t h e   i n v e r t i n g   o r   n o n - i n v e r t i n g   i n p u t ,   r e s i s t o r   R7 

f r o m   t h e   n o n - i n v e r t i n g   i n p u t   t o   t h e   z e r o   p o t e n t i a l   0  a n d  

r e s i s t o r   R10  f r o m   t h e   o u t p u t   t o   t h e   i n v e r t i n g   i n p u t   o f  

t h e   o p e r a t i o n a l   a m p l i f i e r   I C 3 .   The  c o m p a r i s o n   r e s u l t   a t  

t h e   o u t p u t   of  t h e   o p e r a t i o n a l   a m p l i f i e r   IC3  i s   a  p o s i t i v e  

or   n e g a t i v e   v o l t a g e   v a l u e ,   d e p e n d i n g   on  w h e t h e r   c u r r e n t  

J 1  o r   c u r r e n t   J2   p r e p o n d e r a t e s .   T h i s   v o l t a g e   v a l u e  

r e a c h e s   t h e   b a s e   o f   t r a n s i s t o r   Tl   o r   T2  a c r o s s   a  d i o d e  

D3  o r   D4.  The  c o l l e c t o r   of   t r a n s i s t o r   T l   i s   c o n n e c t e d  

to   t h e   i n p u t   of   l o n g i t u d i n a l   r e g u l a t o r   I C 1  a n d   i t s  

e m i t t e r   i s   c o n n e c t e d   a c r o s s   a  r e s i s t o r   R13  to   t h e   z e r o  

p o t e n t i a l .   A  r e s i s t o r   R11  i s   c o n n e c t e d   f r o m   t h e   b a s e  

of   t r a n s i s t o r   Tl   t o   z e r o   p o t e n t i a l .   T r a n s i s t o r   T2  i s  

c o n n e c t e d   in   t h e   s ame   way  w i t h   r e s i s t o r s   R12  and   R 1 4  

b e t w e e n   t h e   i n p u t   o f   l o n g i t u d i n a l   r e g u l a t o r   IC  2  a n d  

z e r o   p o t e n t i a l .  

The  v o l t a g e s   c o r r e s p o n d i n g   t o   c u r r e n t s   J1  a n d  

J 2  a r e   d e t e r m i n e d   by  t h e   c u r r e n t   m e a s u r i n g   c i r c u i t   4  

c o m p a r e d   w i t h   one  a n o t h e r   in   c o m p a r a t o r   c i r c u i t   5  a c t i n g  



as  a  p r o p o r t i o n a l   c o n t r o l l e r   and   a  r e s u l t i n g   v o l t a g e  

v a l u e   is  s u p p l i e d   to   t r a n s i s t o r   Tl  or   T2  a c t i n g   a s  

t h e   c o n t r o l   e l e m e n t .   T r a n s i s t o r   Tl  or  T2  t h e n   c a r r i e s  

s u c h   a  c u r r e n t   t h a t ,   a p a r t   f rom  t h e   v e r y   s m a l l   c o n t r o l  

d e v i a t i o n ,   c u r r e n t s   J1   and  J2  a r e   t h e   s a m e .  

F i g   3  s h o w s   a  p o w e r   u n i t   in   w h i c h   one  o u t p u t  

v o l t a g e   +UA  i s   much   m o r e   h i g h l y   l o a d e d   t h a n   t h e   o t h e r  

o u t p u t   v o l t a g e   - U  .   Due  to   t h e   l i g h t e r   l o a d i n g ,   a  
A 

c i r c u i t   c o m p r i s i n g   a  r e s i s t o r   R12  and   a  Z e n e r   d i o d e   D6 

is   u s e d   as   t h e   l o n g i t u d i n a l   r e g u l a t o r   f o r   t h i s   o u t p u t  

v o l t a g e   -UA.  The  i n p u t   and  o u t p u t   c o n n e c t i o n   i s   t h e  

same  as  t h e   c i r c u i t   a c c o r d i n g   to   F i g   2  a n d   c o n s e q u e n t l y  

t h e   same  r e f e r e n c e s   a r e   u s e d   f o r   t h e   s ame   p a r t s .  

D o w n s t r e a m   of   c a p a c i t o r   Cl  a  s e r i e s   c o n n e c t i o n  

of  a  r e s i s t o r   R13  a n d   a  Z e n e r   d i o d e   D5  i s   c o n n e c t e d   t o  

z e r o   p o t e n t i a l .   Z e n e r   d i o d e   D5  h a s   t h e   same  Z e n e r  

v o l t a g e   as   Z e n e r   d i o d e   D6  and   r e s i s t o r s   R12  and   R 1 3  

a r e   i d e n t i c a l .   T h i s   p o w e r   u n i t   a l s o   h a s   a  c u r r e n t  

m e a s u r i n g   c i r c u i t   4 ' ,   t o   w h i c h   i s   c o n n e c t e d   a  c o m p a r a t o r  

c i r c u i t   5 ' .   The  f o l l o w i n g   c u r r e n t   c o n t r o l   c i r c u i t   6 '  

h a s   o n l y   one   t r a n s i s t o r   T3  in   s e r i e s   w i t h   a  r e s i s t o r  

R l l   c o n n e c t e d   f r o m   t h e   i n p u t   of  l o n g i t u d i n a l   r e g u l a t o r   7 

to  z e r o   p o t e n t i a l   A.  The  a d d i t i o n   of  t h e   a p o s t r o p h e   m e a n s  

t h a t   in  p r i n c i p l e   t h e   c i r c u i t   w i t h   t h e   same  r e f e r e n c e  -  

n u m e r a l   i s   u s e d .   T r a n s i s t o r   13  i s   a d e q u a t e ,   p r o v i d e d  

t h a t   t h e   o u t p u t   v o l t a g e   -UA  is   more   l i g h t l y   l o a d e d   t h a n  

o u t p u t   v o l t a g e   + U  ,   b e c a u s e   t h e n   a  b a l a n c i n g   c u r r e n t  
A 

o n l y   has   to   f l o w   i n   t h e   l i g h t l y   l o a d e d   b r a n c h .  

C u r r e n t   J6  i s   t h e   same  as  c u r r e n t   J7 ,   i t   b e i n g  

a s s u m e d   t h a t   c u r r e n t   J2  i s   l o w e r   t h a n   c u r r e n t   J 6 .   C u r r e n t  



J1  i s   s u b j e c t   to   g r e a t e r   f l u c t u a t i o n s   and  g r e a t e r   l o a d i n g  

and  c o n s e q u e n t l y   so  i s   c u r r e n t   J 8 .   C u r r e n t   J8  i s   d e t e r m i n e d  

by  t h e   c u r r e n t   m e a s u r i n g   c i r c u i t   4 '   and   f rom  t h i s   a  

c o n t r o l   s i g n a l   f o r   t r a n s i s t o r   T3  i s   o b t a i n e d   i n   s u c h   a  

way  t h a t   c u r r e n t   J5   i s   t h e   same  as   c u r r e n t   J 8 .  

As  J 6  =   J7  a n d   now  J5  =  J 8  a n d   J 3  =   J 5  +   J6  a n d  

J4  =  J 7   +  J 8 ,   i t   f o l l o w s   t h a t   J3  =  J4 ,   so  t h a t   b a l a n c e d  

l o a d i n g   o f   t h e   n e u t r a l   c o n d u c t o r   i s   o b t a i n e d .  



1.  P o w e r   u n i t   w i t h   two  o u t p u t   v o l t a g e s   of  o p p o s i t e  

p o l a r i t y   and   common  z e r o   p o t e n t i a l   w h i c h ,   f o r   c o n n e c t i o n  

to   an  i n p u t   a . c .   v o l t a g e ,   h a s   a  r e c t i f i e r   a n d ' a   l i n e a r  

l o n g i t u d i n a l   r e g u l a t o r   f o r   e a c h   o u t p u t   v o l t a g e ,   c h a r a c -  

t e r i z e d   in   t h a t   a  c u r r e n t   b a l a n c i n g   c i r c u i t   (4 ,   5,  6 )  

i s   a r r a n g e d   b e t w e e n   t h e   r e c t i f i e r s   ( D l ,   D2)  and  t h e  

l o n g i t u d i n a l   r e g u l a t o r s   ( I C 1 ,   IC2)   and  t h a t   t h e   l i n e  

c a r r y i n g   t h e   z e r o   p o t e n t i a l   (0 )   i s   c o n n e c t e d   to   one   o f  

t h e   two  l i n e s   of   t h e   i n p u t   a . c .   v o l t a g e   ( U ~ ) .  

2.  P o w e r   u n i t   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d   i n  

t h a t   t h e   c u r r e n t   b a l a n c i n g   c i r c u i t   c o m p r i s e s   a  c u r r e n t  

m e a s u r i n g   c i r c u i t   (4 )   d e t e r m i n i n g   t h e   c u r r e n t s   ( J l ,   J 2 )  

of  t h e   o u t p u t   v o l t a g e s   (+UA,  - U A ) '  a   f o l l o w i n g   c o m p a r a t o r  

c i r c u i t   (5 )   and   a  c u r r e n t   c o n t r o l   c i r c u i t   ( 5 )   c o n n e c t e d  

t h e r e t o   b e t w e e n   t h e   i n p u t s   of  t h e   l o n g i t u d i n a l   r e g u l a t o r s  

( I C l ,   IC2)   and   t h e   z e r o   p o t e n t i a l   ( 0 ) .  

3.  P o w e r  u n i t   a c c o r d i n g   t o   c l a i m   2,  c h a r a c t e r i z e d   i n  

t h a t   t h e   c u r r e n t   m e a s u r i n g   c i r c u i t   ( 4 )   c o m p r i s e s   i n   e a c h  

c a s e   one  l o w - v a l u e d   r e s i s t o r   ( R l ,   R2)  d o w n s t r e a m   o f   t h e  

r e c t i f i e r s   ( D l ,   D2)   w i t h   a  b r i d g e   c i r c u i t   (R3  to   R 6 )  

c o n n e c t e d   t h e r e t o .  

4.  P o w e r   u n i t   a c c o r d i n g   to   c l a i m   2,  c h a r a c t e r i z e d   i n  

t h a t   t h e   c o m p a r a t o r   c i r c u i t   (5 )   c o m p r i s e s   an  o p e r a t i o n a l  

a m p l i f i e r   ( I C 3 )   c o n n e c t e d   as  a  p r o p o r t i o n a l   c o n t r o l l e r .  



5.  P o w e r   u n i t   a c c o r d i n g   t o   c l a i m   2,  c h a r a c t e r i z e d   i n  

t h a t   t h e   c u r r e n t   c o n t r o l   c i r c u i t   (6)   c o m p r i s e s   in   e a c h  

c a s e   one  t r a n s i s t o r   ( T l ,   T2)  c o n n e c t e d   b e t w e e n   t h e  

i n p u t   of  t h e   l o n g i t u d i n a l   r e g u l a t o r s   ( I C 1 ,   I C 2 )   a n d  

t h e   z e r o   p o t e n t i a l   ( 0 ) .  

6.  P o w e r   u n i t   a c c o r d i n g   t o   c l a i m   5,  c h a r a c t e r i z e d   i n  

t h a t   in   t h e   c a s e   o f   l i g h t   l o a d i n g   of  an   o u t p u t   v o l t a g e  

( - U  )   a  t r a n s i s t o r   ( T 3 )   i s   o n l y   c o n n e c t e d   f r o m   t h e   i n p u t  

of  t h e   a s s o c i a t e d   l o n g i t u d i n a l   r e g u l a t o r   (7 )   to  t h e  

z e r o   p o t e n t i a l   ( 0 ) .  

7.  P o w e r   u n i t   a c c o r d i n g   t o   c l a i m   6,  c h a r a c t e r i z e d   i n  

t h a t   f r om  t h e   l o w - v a l u e d   r e s i s t o r   ( R l )   in   t h e   b r a n c h  

of  t h e   more   h i g h l y   l o a d e d   o u t p u t   v o l t a g e   (+UA)  a  s e r i e s  

c o n n e c t i o n   of  a  r e s i s t o r   ( R 3 0 )   and   a  Z e n e r   d i o d e   ( D 5 )  

i s   c o n n e c t e d   t o   t h e   z e r o   p o t e n t i a l .  
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