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©  An  arrangement  for  controlling  the  operation  of  switch  contacts. 
An  arrangement  for  controlling  the  operation  of  switch 

contacts  includes  means  for  providing  a first signal  indicating 
that  operation  of  the  switch  contacts  is  required  and  timing 
means  arranged  to  provide  a  second  signal  at  a  time  indica- 
tive  of  a  zero  crossing  of an alternating  voltage  being  switched 
by the  switch  contacts.  Delay  means  are  arranged  to  delay the 
second  signal  to  compensate  forthe  mechanical  and/or  elec- 
trical  inertia  of  an  operating  means  for  the  switch  contacts. 
The  operating  means  is then  energised  in  response  to the  first 
and  second  signals  so  that  operation  of  the  switch  contacts 
will  occur  at  or  near  to  a  zero  crossing  of  the  alternating 
voltage. 



TECHNICAL  FIELD  OF  THE  INVENTION 

This  invention  r e l a t e s   to  an  arrangement  for  con t ro l l ing   t he  

operat ion  of  switch  contacts   and  has  an  important  a p p l i c a t i o n  

in  an  arrangement  for  con t ro l l ing   the  opera t ion   of  swi tch  

contacts   u t i l i z e d   for  tap  changing  in  the  s t a b i l i z a t i o n   o f  

a  mains  a l t e r n a t i n g   current   supply  or  u t i l i z e d   in  the  c o n t r o l  

of  mains  a l t e r n a t i n g   current   supplied  to  an  e l e c t r i c   motor 

forming  part   of  a  mains  voltage  s t a b i l i z e r .  

When  switch  contacts   are  u t i l i zed   to  supply  a l t e rna t i ng   c u r r e n t  

to  a  load,  for  example  in  the  tap  changing  arrangement  r e f e r r e d  

to  above,  arcing  or  sparking  will  occur  at  the  switch  c o n t a c t s  

each  time  the  contacts   "open"  and  "c lose" ,   unless  the  opening 

and  closing  is  co inc ident   with  a  zero  c ross ing  point  of  the  

voltage  wave  form  of  the  supply.  Such  arcing  and  spa rk ing  
is  disadvantageous  in  that  not  only  does  it  r e su l t   in  t he  

generat ion  or  radio  frequency  i n t e r f e r ence ,   but  it  also  causes  

p i t t i ng   of,  and  bui ld-up  of  material   on,  the  contact  s u r f a c e s .  

Moreover,  repeated  f a i l u r e   to  open  and  close  the  c o n t a c t s  

at  the  zero  cross ing  point  of  the  voltage  wave  form  may  cause  

the  d i s t o r t e d   contac ts   to  weld  together  so  that   they  can  no 

longer  be  o p e r a t e d .  

BACKGROUND  ART 

When  switch  con tac t s   are  u t i l i zed   for  tap  changing  in  t h e  

s t a b i l i z a t i o n   of  a  mains  a l t e rna t ing   cur ren t   supply  they  u s u a l l y  
take  the  form  of  assemblies  of  e l e c t romagne t i c a l l y   ope ra t ed  

relays  arranged  to  open  and  close  the i r   associa ted   c o n t a c t s  

in  selected  combinations  to  vary  the  tapping  points  in  accordance 

with  va r i a t i ons   in  the  supply  voltage.  In  order  to  ensure  

that  the  relay  contac ts   open  and  close  at  or  near  a  zero  c r o s s i n g  
point  it  has  been  proposed  to  se lect   re lays   with  o p e r a t i n g  
c h a r a c t e r i s t i c s   such  that   the  delays  in  the  opening  and  c l o s i n g  
of  the  con tac t s ,   as  a  r e su l t   of  ene rg i sa t i on   and  the  d e - e n e r g i s a t i o n  



of  the  relay  windings ,   are  such  as  to  bring  about  the  d e s i r e d  

resu l t .   It  has  also  been  proposed  to  bend  the  relay  c o n t a c t s  
from  the i r   normal  pos i t i ons   in  an  endeavour  to  adjust   t h e  

opening  and  c los ing   times  so  that  they  more  nearly  approach  

a  zero  crossing  of  the  voltage  wave  form. 

The  s e l ec t ion   of  r e lays   with  su i t ab l e   operat ing  c h a r a c t e r i s t i c s  

may  not  be  e n t i r e l y   s a t i s f a c t o r y   since  the  operat ing  t o l e r a n c e s  

within  a  given  batch  of  supposedly  s imi la r   relays  may  v a r y  
widely.  Moreover,  the  adjustment  by  bending  of  the  c o n t a c t s  

is  somewhat  empi r i ca l   and  may  f a i l   to  achieve  the  d e s i r e d  

object   since  the  bends  in  the  contacts   tend  to  s t r a i g h t e n  

out  with  repeated   u s e .  

An  object   of  the  invent ion  is  to  provide  an  arrangement  f o r  

c o n t r o l l i n g  t h e   o p e r a t i o n  o f   switch  contac ts   which  a l l e v i a t e s  

the  above-mentioned  d i s advan tages .  

DISCLOSURE OF  THE  INVENTION 

According  to  the  p resen t   invention  an  arrangement  for  c o n t r o l l i n g  
the  operat ion  of  switch  contacts  comprises  means  for  p r o v i d i n g  

a  f i r s t   s ignal   i n d i c a t i n g   that  opera t ion   of  the  switch  c o n t a c t s  

is  required,   t iming  means  arranged  to  provide  a  second  s i g n a l  

at  a  time  i n d i c a t i v e   of  a  zero  crossing  of  an  a l t e r n a t i n g  

voltage  being  switched  by  the  switch  con tac t s ,   and  delay  means 

arranged  to  delay  the  second  signal   to  compensate  for  mechan ica l  

and/or  e l e c t r i c a l   i n e r t i a   of  an  opera t ing   means  for  the  s w i t c h  

contacts ,   and  means  for  energising  the  operat ing  means  i n  

response  to  the  f i r s t   and  second  s igna l s   so  that  o p e r a t i o n  
of  the  switch  c o n t a c t s   will  occur  at  or  near  toa  zero  c r o s s i n g  
of  the  a l t e r n a t i n g   v o l t a g e .  

In  one  embodiment  of  the  invention  the  switch  contacts   a r e  
u t i l i z e d   for  tap  changing  in  the  s t a b i l i z a t i o n   of  a ,ma ins  

voltage  supply,  and  the  means  for  providing  the  f i r s t   s i g n a l  

indica t ing   tha t   opera t ion   of  the  switch  contacts   is  r e q u i r e d  
comprises  an  arrangement  for  monitoring  the  f l u c t u a t i o n s   i n  
the  mains  supply  v o l t a g e .  



In  the  above  embodiment  of  the  invent ion  the  arrangement  f o r  

monitoring  the  f l u c t u a t i o n s   in  the  mains  voltage  supply  comprises 

comparison  means  arranged  to  produce  one  or  more  signals  each 

ind ica t ive   of  an  increase  or  a  decrease  in  the  main  supply 

voltage  r e l a t i ve   to  a  reference   v o l t a g e .  

When  the  switch  contacts   are  u t i l i z e d   for  tap  changing  they  

may  be  arranged  in  e i the r   the  input  side  or  the  output  s i d e  

of  a  t r an s fo rmer .  

In  another  embodiment  of  the  invention  the  switch  c o n t a c t s  

are  u t i l i zed   to  vary  the  sense  of  the  current   appl ied to   an 
e l e c t r i c   motor  driving  a  continuously  var iable   tapping  on 

a  t ransformer,   and  the  means  for  providing  the  f i r s t   s i g n a l  

indica t ing   that  operat ion  of  the  switch  contacts  is  r equ i r ed  

comprises  an  arrangement  for  monitoring  the  f luc tuat ions   in  

the  output  voltage  of  the  t r a n s f o r m e r .  

In  this  other  embodiment  the  arrangement  for  monitoring  the  

f l uc tua t i ons   in  the  output  voltage  of  the  transformer  comprises 

comparison  means  arranged  to  produce  one  or  more  signals  i n d i c a t i v e  

of  an  increase  or  a  decrease  in  the  output  voltage  of  t he  

transformer  r e l a t i ve   to  a  reference  v o l t a g e .  

The  delay  means  may  be  arranged  to  provide  delays  of  d i f f e r e n t  

durat ions  depending  on  whether  the  opera t ing   means  is  to  be 

energised  or  d e - e n e r g i s e d .  

The  operating  means  may  be  the  operat ing  winding  of  an  e l ec t romagne t i c  

relay  and  the  switch  contacts   the  relay  c o n t a c t s .  

The  operating  winding  of  the  relay  may  be  energised  by  a  t r a n s i s t o r  

arranged  to  be  turned  on  and  off  in  response  to  the  f i r s t  

and  second  s i g n a l s .  

The  timing  means  may  comprise  r e c t i f y ing   means  arranged  t o  

sample  the  a l t e rna t i ng   voltage  and  to  provide  a  second  s i g n a l  

at  each  zero  crossing  point  of  the  a l t e rna t i ng   vol tage .  



Some  embodiments  of  the  invention  will   now  be  descr ibed,   by 

way  of  example  with  reference   to  the  accompanying  d rawings .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  block  schematic  c i r c u i t   diagram  of  a  c o n t r o l  

arrangement  in  accordance  with  the  invention  having  s w i t c h  

contacts   adapted  for  tap  changing  in  the  s t a b i l i z a t i o n   o f  

a  mains  a l t e r n a t i n g   current   supp ly .  

Figure  2  is  a  more  de t a i l ed   c i r c u i t   diagram  of  the  c o n t r o l  

arrangement  shown  in  Figure  1; 

Figure  3  is  a  block  schematic  c i r c u i t   diagram  of  a  c o n t r o l  

arrangement  in  accordance  with  the  invention  having  s w i t c h  

contacts   adapted  to  vary  the  sense  of  the  current  a p p l i e d  

to  an  e l e c t r i c   motor  dr iving  a  cont inuously  var iable   t a p p i n g  

on  a  t ransformer ;   and 

Figure  4  is  a  modi f ica t ion   of  the  control  arrangement  shown 

in  Figure  3. 

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

Referr ing  in  the  f i r s t   instance  to  Figure  1 ,  the   cont ro l   arrangement  

comprises  two  e l e c t r o m a g n e t i c a l l y   operated  relays  1  and  2 

which  are  arranged  to  se lec t   tapping  points  4,  5  and  6  on 

an  auto  t ransformer   7  so  as  to  provide  a  s t ab i l i z ed   o u t p u t  

voltage  at  output  terminals   9  and  10  despi te   f l u c t u a t i o n s  

in  a  mains  input  voltage  applied  to  input  terminals  11  and 

12.  The  re lay  1  has  changeover  contacts  comprising  a  movable 

ccontact   13  and  fixed  contacts   14  and  15  connected  r e s p e c t i v e l y  
to  tapping  points   4  and  5.  The  relay  2  has  a  movable  c o n t a c t  
16  connected  to  input  terminal  11  and  fixed  contacts  18  and 
19  connected  r e s p e c t i v e l y   to  the  movable  contact  13  and  t h e  

tapping  point   6. 



A  winding  21  induct ive ly   coupled  to  the  auto  transformer  7 

is  arranged  to  apply  a  30  volt  a l t e r n a t i n g   current   supply 

to  a  ful l   wave  r e c t i f i e r   22  arranged  to  feed  a  s t a b i l i z e d  

power  supply  23  providing  a  24  volt  D.C.  supply  v o l t a g e .  
A  lead  24  connected  to  one  side  of  winding  21  supplies  an 

a l t e r n a t i n g   voltage  to  a  timing  and  delay  c i r c u i t   25  which 

r e c t i f i e s   the  a l t e r n a t i n g   voltage  and  provides  a  timing  s i g n a l  
ind ica t ive   of  each  zero  crossing  of  the  vol tage  wave  form 

of  the  mains  a l t e r n a t i n g   current  applied  to  input  t e r m i n a l s  

11  and  12.  The  timing  and  delay  c i r c u i t   25  is  arranged  t o  

delay  the  timing  signal   by  an  amount  corresponding  to  t h e  

mechanical  and  e l e c t r i c a l   i ne r t i a   of  the  e lectromagnet ic   r e l a y s  
1  and  2. 

In  a  typica l   e lec t romagnet ic   r e l a y  s u i t a b l e   for  the  p r e s e n t  

tap  changing  arrangement,  the  mechanical  i n e r t i a   of  the  armature  

and  contacts   and  the  e l e c t r i c a l   i ne r t i a   due  to  the  induc tance  

of  the  relay  winding  amount  to  s u b s t a n t i a l l y   8  m i l l i s e c o n d s  

when  the  typical   relay  is  being  energised  and  amount  to  s u b s t a n t i a l l y  
5  mi l l i seconds  when  the  typical   relay  is  being  de -ene rg i s ed .  
For  this   reason  the  timing  and  delay  delay  c i r c u i t   25  is  ar ranged 

to  provide  two  delayed  timing  s ignals   r e spec t ive ly   on  o u t p u t  
leads  27  and  28  which  are  connected  to  two  la tch  c i r c u i t s  

29  and  30.  The  output  lead  27  is  also  connected  to  a  s t a r t  

c i r c u i t   31  to  apply  the  delayed  timing  s ignal   thereto  f o r  

a  purpose  to  be  described  l a t e r .  

A  t ransformer  33  having  a  primary  winding  34  connected  a c r o s s  
the  input  terminals  11  and  12  also  has  a  centre  tapped  secondary 

winding  35  connected  to  a  mains  voltage  sampler  37  by  way 
of  two diodes  38  and  39.  The  output  from  the  mains  vo l t age  

sampler  37  is  applied  to  a  dual  comparator  40  which  compares 
the  sampled  mains  voltage  with  two  s t a b i l i z e d   reference  v o l t a g e s  

provided  r e spec t ive ly   by  reference  voltage  c i r c u i t s  4 1   and 

42.  The  dual  comparator  40  and  the  latch  c i r c u i t s   29  and 

30  are  energised  from  the  s t ab i l i zed   D.C.  power  supply  23. 

The  dual  comparator  40  is  provided  with  an  output  lead  43 

connected  to  a  SET  input  of  latch  c i r c u i t   29  d i r ec t l y   and 



to  a  RESET  input  of  la tch  c i r c u i t   29  by  way  of  an  i n v e r t e r  

44.  The  dual  comparator  40  is  also  provided  with  a  f u r t h e r  

output  lead  45  connected  to  a  RESET  input  of  la tch  c i r c u i t  

30  d i r e c t l y   and  to  a  SET  input  of  latch  c i r c u i t   30  by  way 
of  an  i n v e r t e r   46.  The  output  of  la tch  c i r c u i t   29  is  connected 

to  the  base  of  a  t r a n s i s t o r   47  arranged  to  energise   the  r e l a y  
1  from  the  D.C.  power  supply  23  while  the  output  of  l a t c h  

c i r c u i t   30  is  connected  to  the  base  of  a  t r a n s i s t o r   48  a r ranged  

to  energise   the  relay  2  from  the  D.C.  supply  23.  The  o u t p u t  
of  the  s t a r t   c i r c u i t   31  is  connected  to  the  t r i g g e r   e l e c t r o d e  

of  a  s i l i c o n   cont ro l led   r e c t i f i e r   49  which  is  connected  t o  

the  emi t ter   e lec t rodes   of  the  t r a n s i s t o r s   47  and  48. 

The  control   arrangement  shown  in  Figure  1  operates   in  t h e  

manner  described  below  to  e f f e c t   opera t ion   of  the  switch  c o n t a c t s  

at  or  near  to  a  zero  crossing  point   of  the  mains  a l t e r n a t i n g  

vol tage  whenever  f l u c t u a t i o n s   of  the  mains  voltage  a p p l i e d  

to  input  terminals   11  and  12  occur.  When  the  mains  v o l t a g e  
is  between  the  reference  vol tages   of  reference  voltage  c i r c u i t s  

41  and  42  the  output  s ignals   provided  by  the  dual  comparator 
40  on  output  leads  43  and  45  are  both  in  a  logic  "high"  s t a t e .  

If  the  mains  voltage  f a l l s   below  the  low  reference  v o l t a g e  
of  re ference   voltage  c i r c u i t   41  or  r i ses   above  the  high  r e f e r e n c e  

vol tage  of  reference  vol tage  c i r c u i t   42  the  re levant   o u t p u t  

changes  to  the  logic  "low"  s t a t e .   Thus  if  the  mains  v o l t a g e  
r i s e s   above  the  high  reference   vol tage  of  reference   v o l t a g e  
c i r c u i t   42,  the  output  s ignal   provided  by  dual  comparator 
40  on  output  lead  43  goes  to  a  logic  "low"  s t a t e .   This  RESETS 

the  normally  set  latch  c i r c u i t   29  which  provides  an  o u t p u t  
s ignal   at  the  ins tan t   that  an  input  signal  from  the  de l ay  

c i r c u i t   25  is  received  on  lead  28.  This  output  signal  from 

la tch   c i r c u i t   29  turns  off  t r a n s i s t o r   47  thus  re leas ing   r e l a y  
1  so  that   tapping  point  4  is  se lec ted   by  movable  contact  13 

at  the  zero  crossing  point .   This  is  the  pos i t ion   of  the  c o n t a c t s  

13,  14,  15,  16,  18  and  19  i l l u s t r a t e d   in  the  drawing.  



If  the  mains  voltage  now  f a l l s   to  a  value  between  the  two 
reference  vol tages  of  reference  voltage  c i r c u i t s   41  and  42 
the  output  signal  on  output  lead  43  goes  to  a  "high"  l o g i c  
s t a t e   and  SETS  the  la tch  c i r c u i t   29  which  provides  an  o u t p u t  
s ignal   at  the  i n s t an t   that  a  signal  from  delay  c i r c u i t   25 

is  received  on  lead  27.  This  output  s ignal   from  the  l a t c h  

c i r c u i t   29  turns  on  the  t r a n s i s t o r   47  thus  operat ing  r e l a y  
1  so  that  tapping  point   5  is  se lected  by  movable  contact  13 

at  the  zero  crossing  p o i n t .  

If  the  voltage  then  f a l l s   to  a  value  below  the  low  r e f e r e n c e  

voltage  of  reference   voltage  c i r c u i t   41  the  output  s i g n a l  
provided  by  the  dual  comparator  40  on  output  lead  45  goes 
to  a  logic  "low"  s t a t e .  - T h i s   SETS  the  la tch  c i r c u i t   30  which 

provides  an  output  s ignal   at  the  ins tan t   that   an  input  s i g n a l  
from  the  de lay   c i r c u i t   25  is  received  on  lead  28.  This  ou tpu t  
s ignal   from  the  la tch  c i r c u i t   30  turns  on  t r a n s i s t o r   48  thus  

energis ing  relay  2  so  that  tapping  point  6  is  selected  by 
movable  contact  16  at  the  zero  crossing  p o i n t .  

In  order  to  avoid  "chat ter"   of  the  contacts   13,  14,  15,  16, 
18  and  19  when  the  c i r c u i t   is  f i r s t   switched  on,  the  t r a n s i s t o r s  

47  and  48  are  prevented  from  being  turned  unt i l   after   a  de l ay  

determined  by  the  s t a r t   c i r c u i t   31.  This  gives  the  con t ro l  

arrangement  time  to  "warm  up"  and  become ful ly  o p e r a t i o n a l .  

To  th is   end  the  s t a r t   c i r c u i t   is  arranged  to  t r igger   the  s i l i c o n  

cont ro l led   r e c t i f i e r   49  in  the  e m i t t e r / c o l l e c t o r   c i r c u i t s  

of  both  the  t r a n s i s t o r s   47  and  48.  Moreover,  the  signal  provided 

by  the  delay  c i r c u i t   25  on  lead  27  ensures  that   the  i n i t i a l  

closing  of  the  relay  contacts   takes  place  at  a  zero  c ro s s ing  

p o i n t .  

Referring  now  to  Figure  2  in  which  the  same  reference  numerals 

as  those  used  in  Figure  1  have  been  used  to  denote  s i m i l a r  

par ts   or  assemblies  of  components  forming  such  parts .   As 

before  the  switch  contacts   13,  14,  15,  16,  18  and  19  are  changeover 
contacts   of  two  re lays   1  and  2  arranged  to  se lec t   tapping 

points   on  an  auto  t ransformer  7  to  provide  a  s t ab i l i zed   ou tpu t  

voltage  at  output  terminals   9  and  10. 



The  t ransformer   33  again  has  a  secondary  winding  35  f eed ing  

a  mains  vol tage  sampler  37  by  way  of  two  diodes  38  and  39. 

The  assembly  of  components  forming  the  mains  vol tage   sampler  
37  includes  three  r e s i s t o r s   51,  52  and  53  and  two  c a p a c i t o r s  

54  and  55.  The  dual  comparator  40  is  formed  by  an  i n t e g r a t e d  

c i r c u i t   in  the  form  of  a  "window  d i sc r imina to r "   which  compares 
the  sampled  mains  vol tage   with  the  two  re fe rence   v o l t a g e s  

provided  r e s p e c t i v e l y   by  reference  voltage  c i r c u i t s   41  and 

42. 

The  assembly  of  components  forming  the  delay  c i r c u i t   25  i n c l u d e s  

two  r e s i s t o r s   57  and  58  which provide  charging  cur ren t   f o r  

a  capac i to r   59.  A  ramp  s ignal   is  produced  across  c a p a c i t o r  

59  by  two  r e s i s t o r s   61  and  62  and  a  diode  63  which  remove 
the  charge  from  capac i to r   59  at  each  zero  crossing  of  t h e  
mains  a l t e r n a t i n g   vo l tage .   The  ramp  signal  is  supplied  t o  
the  input  of  a  schmit t   t r i gge r   c i r c u i t   formed  by  two  r e s i s t o r s  

65  and  66  and  two  i n v e r t e r s   67  and  68  connected  in  ca scade ,  
the  r a t io   of  the  two  r e s i s t o r s   67  and  68  providing  p o s i t i v e  
feedback.  When  the  ramp  signal  across  capac i to r   59  has  charged 

to  approximately  5.9  vo l t s   the  schmitt  c i r c u i t   wil l   t r i g g e r  
with  the  output  of  i n v e r t e r   68  going  pos i t i ve   to  12  v o l t s .  

Res i s to r s   65  and  67  provide  hys t e re s i s   so  that   the  s c h m i t t  

c i r c u i t   wil l   not  rese t   un t i l   the  voltage  across  c a p a c i t o r  
59  has  f a l l en   to  approximately  5.1  vol t s .   A  s imi la r   s c h m i t t  

t r igge r   c i r c u i t   is  provided  by  r e s i s t o r s   70  and  71  and  i n v e r t e r s  

72  and  73  except  that   the  ramp  signal  may  be  set   to  a  l a r g e r  
amplitude  by  a  r e s i s t o r   74. 

The  la tch  c i r c u i t   29  has  an  assembly  of  components  i n c l u d i n g  

two  capac i to r s   76  and  77  and  two  r e s i s t o r s   78  and  79  f eed ing  
two  NOR  gates  80  and  81  arranged  to  turn  on  and  off  the  t r a n s i s t o r  
48  which  suppl ies   energ i s ing   current   to  re lay  2.  S i m i l a r l y  
the  la tch  c i r c u i t   30  has  an  assembly  of  components  i n c l u d i n g  
two  capac i to r s   83  and  84  and  two  r e s i s t o r s   85  and  86  f eed ing  
two  NOR  gates  87  and  88  arranged  to  turn  on  and  off  the  t r a n s i s t o r  
47  which  suppl ies   ene rg i s ing   current   to  relay  1. 



The  opera t ion   of  the  control  arrangement  is  s imilar   to  t h a t  

described  with  reference  to  Figure  1  in  that  the  c o n t a c t s  

13,  14,  15,  16,  18  and  19  are  only  operated  in  response  t o  

s ignals   generated  by  the  comparator  40  a f te r   a  delay  produced 

by  the  delay  c i r c u i t   25  which  ensures  that  tap  changing  by 
the  contacts   is  coincident   with  a  zero  crossing  of  the  mains 

voltage  wave  form.  The  delay  c i r c u i t   25  again  provides  two 

delayed  timing  s ignals   which  compensate  for  both  the  mechanical  

and  e l e c t r i c a l   i n e r t i a   of  the  re lays  1  and  2,  one  delayed 

signal  being  for  the  i n e r t i a   during  ene rg i sa t ion   and  " p u l l  
in"  of  a  relay  1  or  2  and  the  other  delayed  signal  being  f o r  

the  i n e r t i a   during  de - ene rg i s a t i on   and  "drop  out"  of  a  r e l a y  
1  or  2.  The  delays  may  be  adjusted  to  suit   the  o p e r a t i n g  
c h a r a c t e r i s t i c s   of  p a r t i c u l a r   relays  1  and  2.  Moreover,  a 
s t a r t   c i r c u i t   31  which  includes  two  r e s i s t o r s   90  and  91,  a 
diode  92  and  a  capaci tor   93  ensu re s - tha t   the  control  arrangement  
has  time  to  warm  up  when  f i r s t   switched  on  before  it  becomes 

ful ly   opera t ive ,   and  that  the  i n i t i a l   closing  of  the  c o n t a c t s  

will   occur  at  a  zero  crossing  p o i n t .  

Although  the  arrangement  described  above  has  r e l a t i v e l y   s imple 
combinations  of  switching  contacts   involving  only  two  s e t s  

of  changeover  contacts ,   it  will  be  appreciated  that  o t h e r  

embodiments  of  the  invention  may  have  more  complex  " t r e e s "  

of  switch  contacts   with  correspondingly  large  numbers  of  t app ing  

points .   Moreover,  although  in  the  i l l u s t r a t e d   arrangements 
the  contac ts   are  arranged  in  the  input  side  of  the  t r ans fo rmer  

they.could  equally  well  be  arranged  on  the  output  side.  A 

single  relay  having  contacts   con t ro l l i ng   two  tapping  p o i n t s  
could  also  be  used. 

Turning  now  to  Figure  3,  the  control   arrangement  comprises 

two  e l ec t romagne t i ca l ly   operated  relays  101  and  102  arranged 

to  reverse  the  d i r ec t ion   of  the  energis ing  current   through 



an  e l e c t r i c   motor  103  depending  on  whether  an  a l t e r n a t i n g   ou tpu t  

vol tage  developed  at  output  terminals   104  and  105  of  an  a u t o - t r a n s f o r m e r  

106  is  r i s i n g   or  f a l l i n g .   One  side  of  the  energ i s ing   winding 

107  of  the  e l e c t r i c   motor  103  is  connected  to  the  output  t e rmina l  

104  by  way  of  a  fixed  contact   108  and  a  movable  contact   109 

of  the  re lay   102.  The  other  side  of  the  winding  107  is  connected 

to  the  output   terminal   104  by  way  of  a  f ixed  contact   110  and 

a  movable  contact   111  of  the  relay  101.  The  winding  107  i s  

shunted  by  a  capac i to r   112.  The  e l e c t r i c   motor  113  is  a r ranged 

to  drive  a  cont inuously   var iab le   tapping  point   114  on  the  t r ans fo rmer  

106  which  is  supplied  with  mains  a l t e r n a t i n g   voltage  by  way 
of  input  t e rminals   115  and  116. 

A  t r ans former   117  has  i ts   primary  winding  118  connected  a c ros s  

output  t e rminals   104  and  105  and  has  i ts   secondary  winding  a r ranged  

to  apply  a  30  vol t   a l t e r n a t i n g   current   supply  to  a  fu l l   wave 
r e c t i f i e r   22  arranged  to  feed  a  s t a b i l i z e d   power  supply  23  p rov id ing  

a  24  vo l t   D.C.  supply  voltage.   A  lead  24  connected  to  one  s i d e  

of  winding  119  suppl ies   an  a l t e rna t i ng   vol tage   to  the  t iming  
and  delay  c i r c u i t   25  which  r e c t i f i e s   the  a l t e r n a t i n g   v o l t a g e  
and  provides   a  timing  s ignal   ind ica t ive   of  each  zero  c r o s s i n g  
of  the  mains  a l t e r n a t i n g   voltage  developed  acorss  output  t e r m i n a l s  

104  and  105.  The  timing  and  delay  c i r c u i t   25  is  arranged  t o  

delay  the  timing  signal  by  an  amount  corresponding  to  the  mechanical  

and  e l e c t r i c a l   i n e r t i a   of  the  e lec t romagne t ic   relays  101  and 

102. 

The  primary  winding  118  of  the  t ransformer   117  is  connected  

to  a  mains  vol tage  sampler  37  by  way  of  two  diodes  38  and  39. 

As  before  the  output  from  the  mains  vol tage   sampler  37  is  app l i ed  

to  a  dual  comparator  40  which  compares  the  sampled  mains  vo l t age  
with  two  s t a b i l i z e d   reference  voltages  provided  r e s p e c t i v e l y  

by  r e fe rence   voltage  c i r c u i t s   41  and  42.  The  dual  comparator  
40  is  provided  with  an  output  lead  43  connec ted  



to  a  SET  input  of  la tch  c i r c u i t   29  d i r e c t l y   and  to  a  RESET 

input  of  latch  c i r c u i t   29  by  way  of  an  inver te r   44.  The  dua l  

comparator  40  is  also  provided  with  a  fu r the r   output  lead  45 

connected  to  a  RESET  input  of  latch  c i r c u i t   d i r e c t l y   and  t o  

a  SET  input  of  la tch  c i r c u i t   30  by  way  of  an  inver ter   46. 

As  before  the  output  of  latch  c i r c u i t   29  is  connected  to  t he  

base  of  a  t r a n s i s t e r   47  arranged  to  energise  the  relay  101 

while  the  output  of  la tch  c i r c u i t   30  is  connected  to  the  base  

of  a  t r a n s i s t e r   48  arranged  to  energise  the  relay  102.  The 

output  of  the  s t a r t   c i r c u i t   31  is  connected  to  the  t r i g g e r  
e lec t rode   of  a  s i l i c o n   cont ro l led   r e c t i f i e r   49  which  is  connected 

to  the  emit ter   e l ec t rodes   of  the  t r a n s i s t e r s   47  and  48. 

The  control  arrangement  shown  in  Figure  3  operates   in  the  manner 
described  below  to  e f f e c t   operat ion  of  the  relay  contacts  108, 

109,  110  and  111  at  zero  crossing  points  of  the  mains  a l t e r n a t i n g  

vol tage,   whenever  the  mains  output  voltage  at  output  t e r m i n a l s  
104  and  1 0 5 . f l u c t u a t e s   above  or  below  the  reference   v o l t a g e s  
of  reference  vol tage  c i r c u i t s   41  and  42.  When  the  v o l t a g e  

across  output  t e rmina ls   104  and  105  is  above  the  r e f e r e n c e  

voltage  of  re ference   voltage  c i r cu i t   42  the  relay  101  is  ene rg i s ed  

to  close  contacts   110  and  111  and  drive  the  e l e c t r i c   motor 

so  that  the  va r i ab le   tapping  points  114  is  moved  in  a  d i r e c t i o n  

such  as  to  reduce  the  output  voltage.  The  delay  produced  by 
the  timing  and  delay  c i r c u i t   25  ensures  tha t   the  o p e r a t i o n  
of  the  contacts   110  and  111  is  coincident   with  a  zero  c ros s ing  

point  of  the  mains  vol tage  wave  form. 

When  the  voltage  across  output  terminals   104  and  105  f a l l s  

below  the  reference   voltage  of  reference  voltage  c i r cu i t   42 

the  relay  101  is  de-energised   so  that  contacts   110  and  111 

are  opened  and  energis ing   current  is  no  longer  supplied  t o  

t h e  e l e c t r i c   motor  103  which  stops.  The  timing  and  delay  c i r c u i t  

25  provides  a  delay  which  ensures  that  the  opening 



of  the  contacts   110  and  111  is  co inc iden t   with  a  zero  c r o s s i n g  
of  the  vol tage  wave  form. 

If  now  the  a l t e r n a t i n g   vol tage   across  output  terminals   104 

and  105  f a l l s   below  the  re fe rence   vol tage   of  reference  v o l t a g e  
c i r c u i t   41,  relay  102  is  energised  to  close  contacts   108  and 

109  and  drive  the  e l e c t r i c   motor  in  the  reverse  d i r e c t i o n ,  

to  move  the  va r iab le   tapping  point   114  in  a  d i r ec t i on   such 

as  to  ra ise   the  vol tage  at  output  t e rmina ls   104  and  105.  The 

delay  provided  by  the  timing  and  delay  c i r c u i t   25  is  such  a s  

to  ensure  that  the  c losing  of  the  contac ts   108  and  109  is  c o i n c i d e n t  

with  a  zero  crossing  o f  t h e   mains  vol tage  wave  form. 

When  the  voltage  at  output   te rminals   104  and  105  r ises   above 

the  re fe rence   voltage  of  re ference   vol tage  c i r c u i t   41  the  r e l a y  
102  is  de-energ ised   so  tha t   contacts   108  and  109  are  opened 
and  the  e l e c t r i c   motor  103  is  de -energ i sed .   The  delay  produced 

by  the  timing  and  delay  c i r c u i t   25  is  such  as  to  ensure  t h a t  

the  opening  of  the  contac ts   108  and  109  is  coincident   wi th  

a  zero  crossing  of  the  mains  voltage  wave  form.  As  be fo re  

the  s t a r t   c i r c u i t   31  e n s u r e s  t h a t   the  control   arrangement  h a s  

time  to  warm  up  when  f i r s t   switched  on  before  it   becomes  f u l l y  

ope ra t ive   so  that  the  i n i t i a l   closing  of  the  contacts   of  e i t h e r  

of  the  re lays   101  and  102  wil l   take  place  at  a  zero  c r o s s i n g  

p o i n t .  

Turning  f i n a l l y   to  the  modified  arrangement  shown  in  F igure  

4,  the  t ransformer   106  is  connected  across  the  output  t e r m i n a l s  

104  and  105  and  is  coupled  to  the  input  terminals   115  and  116 

by  way  of  a  buck/boost  t ransformer   121.  One  end  of  the  secondary  

winding  of  the  t ransformer   121  is  connected  to  a  fixed  t app ing  

point  124  on  the  t ransformer   106  while  the  other  end  of  t h e  

secondary  winding  122  is  connected  to  a  continuously  v a r i a b l e  

tapping  point   125.  As  before  the  e l e c t r i c   motor  is  a r ranged 

to  drive  the  tapping  point   125  in  a  manner  such 



as  to  s t a b i l i z e   the  output  voltage  at  te rminals   104  and  105. 

As  before  the  delay  produced  by  the  timing  and  delay  c i r c u i t  

25  is  such  as  to  ensure  that  whenever  the  relays  101  and  102 

are  energised  or  de -energ i sed   the  r e su l t an t   opening  and  c l o s i n g  

of  their   associa ted  con tac t s   108,  109,  110  and  111  will  a lways 

take  place  at  a  zero  cross ing  of  the  a l t e r n a t i n g   v o l t a g e .  

As  a  p r a c t i c a l   matter   i t   has  been  found  that   with  a  50  Hz 
mains  a l t e r n a t i n g   cu r ren t   supply  the  opera t ion   of  the  a r rangement  
of  the  invention  is  s a t i s f a c t o r y   if  the  contacts   operate  w i t h i n  

2  mil l iseconds  on  e i t h e r   side  of  the  zero  crossing  point  o f  

the  a l t e r n a t i n g   vol tage  and  gives  excel lent   r esu l t s   if  t h e  

contacts  operate  within  one  mill isecond  on  e i ther   side  o f  

the  zero  crossing  point   of  the  a l t e rna t ing   v o l t a g e .  



1.  An  arrangement  for  c o n t r o l l i n g   the  operat ion  of  sw i t ch  

contacts   comprising  means  for  providing  a  f i r s t   signal  i n d i c a t i n g  
that   operat ion  of  the  switch  contac ts   is  required,   timing  means 

arranged  to  provide  a  second  s ignal   at  a  time  ind ica t ive   o f  

a  zero  crossing  of  an  a l t e r n a t i n g   vol tage   being  switched  by 
the  switch  con tac t s ,   and  delay  means  arranged  to  delay  t h e  

second  signal  to  compensate  for  mechanical  and/or  e l e c t r i c a l  

i n e r t i a   of  an  opera t ing   means  for  the  switch  contacts ,   and 

means  for  energis ing   the  operat ing  means  in  response  to  t h e  

f i r s t   and  second  s ignals   so  that   opera t ion   of  the  switch  c o n t a c t s  

wil l   occur  at  or  near  to  a  zero  c ross ing  of  the  a l t e r n a t i n g  

v o l t a g e .  

2.  An  arrangement  as  claimed  in  Claim  1,  wherein  the  swi tch  

contacts   are  u t i l i z e d   for  tap  changing  in  the  s t a b i l i z a t i o n  

of  a  mains  voltage  supply  and  the  means  for  providing  the  f i r s t  

s ignal   ind ica t ing   that  opera t ion   of  the  switch  contacts  i s  

required  comprises  an  arrangement  for  monitoring  the  f l u c t u a t i o n s  

in  the  mains  supply  v o l t a g e .  

3.  An  arrangement  as  claimed  in  Claim  2,  wherein  the  arrangement  
for  monitoring  the  f l u c t u a t i o n s   in  the  mains  voltage  supp ly  

comprises  comparison  means  arranged  to  produce  one  or  more 

s ignals   each  i nd i ca t i ve   of  an  increase   or  a  decrease  in  t h e  

main  supply  vol tage   r e l a t i v e   to  a  re fe rence   v o l t a g e .  

4.  An  arrangement  as  claimed  in  Claim  2 or  Claim  3,  wherein 

the  switch  contacts   u t i l i z e d   for  tap  changing  are  a r ranged  
in  the  input  side  of  a  t r a n s f o r m e r .  

5.  An  arrangement  as  claimed  in  Claim  2  or  Claim  3  where in  

the  switch  contac ts   u t i l i z e d   for  tap  changing  are  a r ranged  
in  the  output  s ide -o f   the  t r a n s f o r m e r .  



6.  An  arrangement  as  claimed  in  Claim  1,  wherein  the  swi tch  

contacts   are  u t i l i z e d   to  vary  the  sense  of  the  current   app l i ed  

to  an  e l e c t r i c   motor  dr iving  a  cont inuously   var iable   t app ing  

on  a  t ransformer ,   and  the  means  for  providing  the  f i r s t   s i g n a l  

ind ica t ing   that  operat ion  of  the  switch  contacts   is  r e q u i r e d  

comprises  an  arrangement  for  monitoring  the  f l u c t u a t i o n s   i n  

the  output  vol tage  of  the  t r an s fo rmer .  

7.  An  arrangement  as  claimed  in  Claim  6,  wherein  the  arrangement  
for  monitoring  t h e - f l u c t u a t i o n s   in  the  output  voltage  of  the  

t ransformer  comprises  comparison  means  arranged  to  produce 

one  or  more  s ignals   ind ica t ive   of  an  increase  or  a  d e c r e a s e  

in  the  output  voltage  of  the  t ransformer  r e l a t i v e   to  a  r e f e r e n c e  

v o l t a g e .  

8.  An  arrangement  as  claimed  in  any  preceding  claim,  wherein 

the  delay  means  is  arranged  to  provide  delays  of  d i f f e r e n t  

durat ions   depending  on  whether  the  operat ing  means  is  to  be 

energised  or  d e - e n e r g i s e d .  

9.  An  arrangement  as  claimed  in  any  preceding  claim,  wherein 

the  operat ing  means  is  the  operating  winding  of  an  e l e c t r o m a g n e t i c  

relay  and  the  switch  contacts   are  the  relay  c o n t a c t s .  

10.  An  arrangement  as  claimed  in  Claim  9,  wherein  the  o p e r a t i n g  

winding  of  the  relay  is  energised  by  a  t r a n s i s t o r   a r ranged 

to  be  turned  on  and  off  in  response  to  the  f i r s t   and  second 

s i g n a l s .  

11.  An  arrangement  as  claimed  in  any  preceding  claim,  wherein 

the  timing  means  comprises  r ec t i fy ing   means  arranged  to  sample 

the  a l t e rna t i ng   voltage  and  to  provide  a  second  signal  a t  



each  zero  c ross ing   point   of  the  a l t e rna t i ng   v o l t a g e .  

12.  An  arrangement  as  claimed  in  any  preceding  claim,  where in  

the  delay  produced  by  the  delay  is  such  that   the  switch  c o n t a c t s  

operate  within  a  per iod  of  two  mi l l i seconds   on  e i t h e r   s i d e  
of  the  zero  c ross ing   point   of  the  a l t e r n a t i n g   v o l t a g e .  

13.  An  arrangement  as  claimed  in  any  preceding  claim,  i n c l u d i n g  
fu r the r   delay  means  which  ensures  that  there  is  a  p r e d e t e r m i n e d  

warm  up  time  before  the  arrangement  becomes  ful ly   o p e r a t i v e ,  
and  that   the  f i r s t   c los ing  of  a  switch  contact  occurs  at  a 
zero  c ross ing   point   of  the  a l t e r n a t i n g   v o l t a g e .  










