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©  Stepping-brush  electrical  device. 
(57)  An  electrical  device  having  a  commutating  surface 
formed  of  segments  of  electrical  conductors  upon  which  a 
contact  brush  is  movable  while  in  electrical  engagement 
therewith.  Means  are  provided  to  "step"  the  brush  between 
segments,  so  that  when  at  rest,  the  brush  contacts  no  more 
than  one  segment,  thus  reducing  short-circuiting  currents 
and  overheating. 
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  An  electrical  device  having  a  commutating  surface 
formed  of  segments  of  electrical  conductors  upon  which  a 
contact  brush  is  movable  while  in  electrical  engagement 
therewith.  Means  are  provided  to  "step"  the  brush  between 
segments,  so  that  when  at  rest,  the  brush  contacts  no  more 
than  one  segment,  thus  reducing  short-circuiting  currents 
and  overheating. 



This  i n v e n t i o n   r e l a t e s   to  e l e c t r i c a l   devices   of  the  type  having  a 

commutating  s u r f a c e   upon  which  a  c o n t a c t   brush  is  movable  while  i n  

e l e c t r i c a l   engagement  t h e r e w i t h ,   and  more  p a r t i c u l a r l y   to  means  f o r  

reducing  the  power  loss  expe r i enced   at  the  b rush-commuta t ing   s u r f a c e  

i n t e r f a c e .  

T y p i c a l l y ,   in  such  dev i ce s ,   the  commutating  su r f ace   along  which  t h e  

brush  is  moved  comprises  a  p l u r a l i t y   of  c l o s e l y   spaced  segments  of  an 

e l e c t r i c a l   conductor ,  which   are  at  d i f f e r e n t   e l e c t r i c a l   p o t e n t i a l s .   As  t h e  

brush  is  moved  along  the  commutating  s u r f a c e ,   the  output   from  the  d e v i c e  

v a r i e s .   All  h i t h e r t o   known  e x i s t i n g   des igns   of  such  devices  allow  t h e  

brush  to  r e s t   at  any  point   along  the  path  of  the  commutating  s u r f a c e .  

These  designs  also  permit   the  brush  to  c o n t a c t   at  l e a s t   two  segments  

s i m u l t a n e o u s l y ,   so  as  to  e l i m i n a t e   the  p o s s i b i l i t y   of  d i s c o n t i n u i t y   i n  

output   from  the  device  as  the  brush  is  moved  along  the  commutating  s u r -  

face.   Since  there   e x i s t s   an  e l e c t r i c a l   p o t e n t i a l   between  segments  o f  

the  conductor ,   there   e x i s t s   a  c i r c u l a t i n g   s h o r t - c i r c u i t   cu r ren t   t h r o u g h  

the  brush  between  s i m u l t a n e o u s l y   con t ac t ed   segments.   Because  the  b r u s h  

can  span  segments  i n d e f i n i t e l y ,  t h e   b rush /commuta t ing   sur face   c o n t a c t  

r e s i s t a n c e   must  be  high  enough  to  l i m i t   the  r e s u l t a n t   c i r c u l a t i n g   c u r -  

rent  to  a  l eve l   that   wi l l   not  ove rhea t   the  windings   and  the  brush.   T h i s  

con tac t   r e s i s t a n c e   must  also  be  low  enough  so  as  to  be  able  to  carry  t h e  

load  cu r ren t   without   o v e r h e a t i n g   the  brush.   Under  these  c o n d i t i o n s ,   t h e  
p o s s i b l e  

minimum/power  loss ,   and  consequent   heat  gain,   from  th is   c o n t a c t  r e s i s t a n c e  

is  the  product   of  the  vo l t age   between  con tac t ed   commutator  segments  and 

the  load  c u r r e n t .   Since  the  power  loss  must  be  l imi t ed   to  prevent   b u r n -  

out,  the  load  cur ren t   and  the  vo l t age   between  commutator  segments  must 



be  l i m i t e d .   L imi ted   load  c u r r e n t   r e s t r i c t s   the  power  that   can  be  h a n d l e d  

by  the  device  at  any  given  v o l t a g e   and  l i m i t e d   v o l t a g e   between  commuta to r  

segments  d i c t a t e s   a  des ign  tha t   uses  m a t e r i a l   i n e f f i c i e n t l y .  

. One  design  which  e l i m i n a t e s   the  s h o r t - c i r c u i t   cur ren t   was  d i s c l o s e d  

in  U.  S.  Pa ten t   4 , 1 8 9 , 6 7 2 .   There,  the  conduc to r   is  arranged  so  tha t   a l l  

even-numbered  segments  comprise  one  commutating  su r f ace   and  a l l   o d d -  

numbered  segments  comprise  a  s e p a r a t e   commutating  su r f ace .   Each  commuta t -  

ing  s u r f a c e   has  a  s e p a r a t e   brush  of  such  s i ze   as  to  be  able  to  c o n t a c t   o n l y  

one  segment;  however,   the  brushes   are  a r r anged   so  tha t   at  l e a s t   one  of  t h e  

brushes   is  in  c o n t a c t   with  one  segment  at  a l l   t imes ,   thus  e l i m i n a t i n g   d i s -  

c o n t i n u i t y   in  ou tpu t .   The  b rushes   a r e  c o n n e c t e d   through  one  or  more  s e t s  

of  b a c k - t o - b a c k   d iodes   to  e l i m i n a t e   s h o r t - c i r c u i t   c u r r e n t ,   provided  t h a t  

the  s e g m e n t - t o - s e g m e n t   p o t e n t i a l   is  l ess   than  the  p o t e n t i a l   drop  a c r o s s  

two  diodes  in  s e r i e s .   The  r e s u l t   is  a  device   which  has  no  s h o r t - c i r c u i t  

c u r r e n t ,   but  which  is  more  compl ica ted   to  c o n s t r u c t   than  most  p r e v i o u s  

d e v i c e s .  

The  p r e s e n t   i n v e n t i o n   s u b s t a n t i a l l y   e l i m i n a t e s   the  l i m i t a t i o n s   o f  

p r i o r   a r t   d e s i g n s  b y   c o n t r o l l i n g   the  movement  of  a  s ing le   brush  such  t h a t ,  

when  at  r e s t ,   the  brush  c o n t a c t s   one,  and  only  one,  commutator  s egmen t ;  

but,   when  being  moved,  the  brush  i s ,   at  a l l   t imes,   in  contact   with  one  

or  two  segments ,   the reby   p r e v e n t i n g   d i s c o n t i n u i t y   in  output ;   however ,  

the  per iod  of  time  the  brush  is  in  con t ac t   with  any  two  segments  is  v e r y  

b r i e f .   As  a  r e s u l t ,   the  brush  " s t e p s "   from  one  commutator  segment  t o  

the  next .   Means  for  p rov id ing   the  s t e p p i n g   motion  may  be  e i t h e r   mechan-  

i c a l   or  e l e c t r o m e c h a n i c a l .  

The  p r e s e n t   i n v e n t i o n   pe rmi t s   such  a  device   to  be  designed  with  l o w e r  

b rush-commuta t ing   s u r f a c e   r e s i s t a n c e   because   the  c i r c u l a t i n g   cu r r en t   e x i s t s  



for  only  a  b r i e f   per iod   of  time,  g r e a t l y   reducing   power  loss  and  t h e  

consequent   o v e r h e a t i n g .   Also,  the  load  c u r r e n t   and  the  vo l tage   be tween  

segments  can  both  be  i n c r e a s e d .   Thus,  the  r e s u l t i n g   device  can  be  made 

sma l l e r ,   l i g h t e r ,   less   expensive ,   more  e f f i c i e n t ,   and  able  to  handle  more 

power  than  e q u i v a l e n t   p r i o r   art   d e s i g n s .  

Re fe r r i ng   to  the  Drawing,  FIGURE  1  is  a  p e r s p e c t i v e   d e p i c t i n g   a  

mechanica l   s t epp ing   embodiment  of  the  p r e s e n t   i n v e n t i o n   as  appl ied   t o  

a  c o n v e n t i o n a l ,   m a n u a l l y - o p e r a t e d ,   v a r i a b l e   a u t o t r a n s f o r m e r .   A  wound 

core  10  is  i n s u l a t i v e l y   mounted  on  a  base  11.  A  t e rmina l   board  12 

c a r r i e s   t e r m i n a l s   13  for  e x t e r n a l   e l e c t r i c a l   connec t ion .   A  brush  14 

is  f ixed  to,  and  held  in  s l i d a b l e   e l e c t r i c a l   engagement  with  commutat ing 

su r f ace   15  by,  a  v e n t i l a t e d   r a d i a t o r   p l a t e   16.  The  r a d i a t o r   p l a t e   16 

and  an  i n s u l a t e d   knob  17  are  f ixed  to  sha f t   18  which  is  mounted 

c e n t r a l l y   of  core  10  for  r o t a t i o n a l   movement  with  r e s p e c t   to  the  c o r e .  

A  de tent   block  19  is  f ixed  to  an  unwound  p o r t i o n   of  the  core  10.  ! 

FIGURE  2  d e p i c t s   the  unders ide   of  r a d i a t o r   p l a t e   16  c o n t a i n i n g   a  c i r c u l a r  

row  of  a d j a c e n t ,   rounded  hollows  20  near  the  outer   p e r i p h e r y   of  t h e  

p l a t e .   The  number  of  hollows  20  is  equal  to  the  number  of  commutator  

segments  23  (FIGURE  4  A  and  B)  to  be  c o n t a c t e d .   The  angular   d i s p l a c e -  

ment  between  hollows  20  r e l a t i v e   to  the  c e n t r a l   axis  of  the  s h a f t  l 8  

is  equal  to  the  angular   d i sp lacement   between  commutator  segments  23 

r e l a t i v e   to  the  c e n t r a l   axis  of  the  s h a f t .   FIGURE  3  is  a n .  e l e v a t i o n  

d e p i c t i n g   d e t a i l s   of  the  detent   block  19  f ixed  to  the  core  10.  I n  

block  19  is  a  spr ing  21  which  urges  a  round-ended  shaf t   22  into  c l o s e -  

f i t t i n g   engagement  with  hollows  20  in  p l a t e   16.  The  hollows  20  a r e  

c lose ly   spaced  such  that   when  the  s p r i n g - l o a d e d   shaf t   22  is  not  i n  

engagement  with  a  hollow,  i t   b iases   the  r a d i a t o r   p l a t e   16  toward  such  

engagement.  FIGURE  4  is  an  e l e v a t i o n   d e p i c t i n g   the  brush  14  i n  



engagement  with  the  commutator  s u r f a c e   15.  FIGURE  4A  depic ts   t h e  

brush  14  in  s imu l t aneous   c o n t a c t   with  two  commutator  segments 23  and 

FIGURE  4B  d e p i c t s   the  brush  in  con tac t   with  one  commutator  segment .  

The  width  of  the  brush  14  is  such  tha t   i t   can  con t ac t   one  or  two,  b u t  

no  less   than  one  nor  more  than  two,  segments  23  at  any  given  p o s i t i o n  

on  the  commutator  s u r f a c e   1 5 .  

The  r e l a t i v e   d imens ions   and  c o n f i g u r a t i o n s   of  the  hollows  20,  t h e  

commutator  segments  23,  and  the  brush  14  are  such  tha t   when  the  p l a t e   16 

is  at  r e s t ,   the  s h a f t   22  engages  a  hol low,   l i g h t l y   locking  the  p l a t e   i n  

tha t   p o s i t i o n ,   with  the  brush   c o n t a c t i n g   only  one  segment,  as  d e p i c t e d  

in  FIGURE  4B.  When  the  p l a t e   16  is  being  r o t a t e d ,   the  brush  14  may  b e  

momentar i ly   in  c o n t a c t   with  two  s egmen t s  23 ,   as  d e p i c t e d   in  Figure  4A, 

but  is  always  in  c o n t a c t   with  at  l e a s t   one  segment,   as  depic ted   i n  

FIGURE  4B.  The  p r e s e n t   i n v e n t i o n   con templa te s   tha t   any  other   type  o f  

mechanica l   d e t e n t   mechanism  may  be  employed,  such  as  a  shaped,  s p r i n g -  

b iased   sha f t   engaging  no tches   on  the  p e r i p h e r y   of  the  p l a t e   16,  or  a  

mechanical   d e t e n t   mechanism  c o o p e r a t i n g   d i r e c t l y   with  the  shaf t   18.  

One  embodiment  of  the  p r e s e n t   i n v e n t i o n   i nc ludes   an  e l e c t r o m e c h a n i c a l  
some 

de t en t   mechanism  based  on  a  well-known  c h a r a c t e r i s t i c   of/AC  synchronous  

motors .   A  t y p i c a l   AC  synchronous   motor  i nc ludes   a  r o t o r   and  a  s t a t o r .  

The  s t a t o r  i n c l u d e s   i d e n t i c a l ,   annu la r ,   po l e - fo rming   members,  w i t h  

windings  adapted   to  magne t i ze   the  p o l e - f o r m i n g   members,  and  the  p o l e -  .  

forming  members  having  r a d i a l l y   inward ly   p r o j e c t i n g   pole  pieces  w i t h  

t e e t h   on  the  inner   ends  t h e r e o f .   The  r o t o r   i nc ludes   a  permanent  magnet  

s t r u c t u r e ,   a x i a l l y   magne t i zed ,   with  t ee th   on  the  ou te r   ends  t h e r e o f .  

When  AC  v o l t a g e   is  a p p l i e d   to  the  s t a t o r   windings ,   the  p o l a r i t y   of  t h e  

windings  changes  s e q u e n t i a l l y   such  tha t   the  r o to r   r evo lves   in  one 

d i r e c t i o n .   However,  when  DC  v o l t a g e   is  app l i ed   to  the  windings,   a  



cons tan t   p o l a r i t y   r e s u l t s   and  the  r o to r   w i l l   move  to  the  n e a r e s t   one 

of  a  number  of  "de tent   p o s i t i o n s "   and  w i l l   be  held  in  that  p o s i t i o n   b y  

the  i n t e r a c t i o n   of  the  ro tor   and  s t a t o r   magnet ic   f i e l d s .   The  number 

and  l o c a t i o n   of  the  de tent   p o s i t i o n s   is  dependent   on  the  r e l a t i o n s h i p  

of  the  ro to r   tee th   to  the  s t a t o r   t e e t h .   In  the  p re sen t   i n v e n t i o n ,   s u c h  

a  motor  is  mechanica l ly   coupled  to  the  s h a f t   18  and  the  r e l a t i o n s h i p   o f  

segments  23  and  the  holding  p o s i t i o n s   of  the  ro to r   is  arranged  such  

tha t ,   at  each  holding  p o s i t i o n ,   the  brush  14  is  in  contac t   with  o n l y  

one  segment.  Thus,  as  with  a  pu re ly   mechan ica l   d e t e n t ,   when  t h e  

brush  14  is  con tac t ing   two  segments  23,  i t   w i l l   always  be  urged  t o w a r d  

the  n e a r e s t   segment,  and,  when  in  con tac t   with  one  segment,  i t   w i l l   b e  

held  in  that   p o s i t i o n .  

While  the  above-desc r ibed   e l e c t r o m e c h a n i c a l   de ten t   may  be  employed 

s a t i s f a c t o r i l y   with  a  manually  r o t a t e d   s h a f t   18,  i t   is  p r e f e r r e d   t h a t  

the  AC  synchronous  motor  also  be  used  to  r o t a t e   the  shaf t   and,  t h e r e -  

fo re ,   vary  the  output  from  the  dev ice .   Using  conven t iona l   AC  c i r c u i t r y  

i n c l u d i n g   r eve rs ing   swi tch ing   means,  the  motor  is  opera ted   as  an  AC  s y n -  

chronous  motor  clockwise  or  c o u n t e r c l o c k w i s e ,   moving  the  brush  14  a l o n g  

the  commutating  su r face   15,  u n t i l   the  d e s i r e d   output   of  the  device  i s  

reached.   At  that   po in t ,   the  swi t ch ing   means  is  changed  to  the  " o f f "  

s t a t e   which  removes  the  AC  vo l t age   from,  and  app l i e s   a  DC  vo l tage   to,  t h e  

s t a t o r   windings ,   thus  holding  the  output   at  the  d e s i r e d  v a l u e   and  m a i n t a i n -  

ing  the  brush  14 in  c o n t a c t  w i t h   only  one-segment   23.  When  the  s w i t c h i n g  

is  changed  to  "clockwise"  or  " c o u n t e r c l o c k w i s e "   s t a t e s ,   the  DC  vo l t age   i s  

d i s connec t ed .   The  swi tch ing   means  may  be  mechan ica l ,   e l e c t r o m e c h a n i c a l ,  

or  e l e c t r o n i c .  

A  f u r t h e r   e l e c t r o m e c h a n i c a l   embodiment  of  the  p resen t   i nven t ion   is  to  

employ  a  conven t iona l   s tepping   motor  m e c h a n i c a l l y   coupled  to  the  shaf t   18 

to  r o t a t e   t h e  s h a f t   in  e i t h e r   d i r e c t i o n .   The  s tepping   motor  is  so  s e l e c t e d ,  

and  i t s   drive  c i r c u i t r y  s o   programmed,  that   the  requi red   s tepping  movement 

is  p roduced .  



In  one  c o n s t r u c t i o n   of  the  p r e sen t   i n v e n t i o n ,   employing  an 

e l e c t r o m e c h a n i c a l   de t en t   mechanism  e s s e n t i a l l y   as  d e s c r i b e d ,   a p p l i e d  

to  an  a d j u s t a b l e   a u t o t r a n s f o r m e r   of  the  same  p h y s i c a l   s ize   as  a  c o n -  

v e n t i o n a l   uni t   r a t ed   at  28  amperes  output   for  a  given  t e m p e r a t u r e  

r i s e ,   the  improved  t r a n s f o r m e r   averaged  47.5  amperes  output   at  t h e  

same  t e m p e r a t u r e   r i s e .   Thus,  the  i n v e n t i o n   produced  an  i nc rease   i n  

ou tpu t   of  70  p e r c e n t .  

Since  c e r t a i n   changes  may  be  made  in  c a r r y i n g   out  the  above 

d e s c r i b e d   i n v e n t i o n   wi thou t   d e p a r t i n g   from  the  scope  t h e r e o f ,   i t   i s  

i n t e n d e d   t h a t  a l l   ma t t e r   con t a ined   in  the  above  d e s c r i p t i o n   or  shown 

in  the  accompanying  Drawing  s h a l l   be  i n t e r p r e t e d   as  i l l u s t r a t i v e   and 

not  in  a  l i m i t i n g   s e n s e .  

I t   is  also  to  be  under s tood   that   the  f o l l owing   Claims  are  i n t e n d e d  

to  cover  a l l   of  the  gene r i c   and  s p e c i f i c   f e a t u r e s   of  the  i n v e n t i o n  

h e r e i n   d e s c r i b e d ,   and  a l l   s t a t e m e n t s   of  the  scope  of  the  i n v e n t i o n  

which,  as  a  mat ter   of  l anguage ,   might  be  said  to  f a l l   t h e r e b e t w e e n .  



1.  In  an  e l e c t r i c a l   device  of  the  type  having  a  commutating  s u r f a c e  

formed  of  a  p l u r a l i t y   of  r e l a t i v e l y   c l o s e l y - s p a c e d   segments  of  an 

e l e c t r i c a l   conductor ,   upon  which  a  con tac t   brush,   f i xed ly   mounted 

on  b r u s h - h o l d i n g   means,  is  movable  while  in  e l e c t r i c a l   engagement  

t h e r e w i t h ,   the  improvement  compr is ing   indexing   means  c o o p e r a t i n g  

with  the  brush-moving  means,  so  tha t   when at   r e s t ,   the  brush  is  in  ; 

e l e c t r i c a l   engagement  with  no  more  than  one  of  the  s e g m e n t s .  

2.  An  improved  e l e c t r i c a l   dev ice ,   as  de f ined   in  Claim  1,  wherein  t h e  

indexing   means  is  m e c h a n i c a l .  

3.  An  improved  e l e c t r i c a l   dev ice ,   as  de f ined   in  Claim  2,  wherein  t h e  

mechanica l   indexing  means  comprises   a  b i a s i n g   member  shaped  t o  

s u c c e s s i v e l y   engage  i n d e n t a t i o n s   formed  upon  the  brush-moving  means,  

l i g h t l y   locking  the  brush-moving  means  in  p lace   while  in  such  e n g a g e -  

ment,  the  i n d e n t a t i o n s   being  c l o s e l y   spaced  so  that   the  b i a s ing   member 

u rges  engagement   with  an  i n d e n t a t i o n   when  not  so  engaged,  the  i n d e n t a -  

t ions   being  so  ar ranged  t h a t ,   when  the  b i a s i n g   member  is  in  engagement  

with  any  i n d e n t a t i o n ,   the  brush  is  in  e l e c t r i c a l   engagement  with  no 

more  than  one  of  the  s e g m e n t s .  

4.  An  improved  e l e c t r i c a l   dev ice ,   as  def ined   in  Claim  1,-  wherein  t h e  

indexing   means  is  e l e c t r o m e c h a n i c a l .  

5.  An  improved  e l e c t r i c a l   dev ice ,   as  def ined  in  Claim  4,  wherein  t h e  

e l e c t r o m e c h a n i c a l   indexing  means  comprises  an  AC  synchronous  moto r  

adapted  to  move  the  brush-moving  means,  the  motor  having  a  ro to r   and 

a  s t a t o r ,   the  ro to r   having  a  permanent  magnet  s t r u c t u r e ,   a x i a l l y  

magnet ized ,   with  tee th   on  the  outer   ends  t h e r e o f ,   the  s t a t o r   h a v i n g  

i d e n t i c a l ,   annula r ,   po l e - fo rming   members  and  windings  adapted  t o  

magnet ize  the  po l e - fo rming   members,  the  po le - fo rming   members  h a v i n g  

r a d i a l l y   inwardly  p r o j e c t i n g   pole  p ieces   with  t ee th   on  the  inner   ends  

t h e r e o f ,   the  r e l a t i o n s h i p s   between  the  t ee th   and  between  the  motor  and 



the  b rush-moving   means  being  such  t h a t ,   when  DC  vo l tage   is  a p p l i e d  

to  the  s t a t o r   w ind ings ,   the  r o t o r   w i l l   r o t a t e   to,  and  be  m a g n e t i c a l l y  

held  in  p l a c e - a t ,   a  de t en t   p o s i t i o n ,   and  the  brush  wi l l   be  in  c o n t a c t  

w i t h   no  more  than  one  of  the  s e g m e n t s .  

5.  An  improved  e l e c t r i c a l   dev ice ,   as  de f ined   in  Claim  5,  wherein  t h e  

AC  synchronous   motor  is  c o n t r o l l e d   through  swi tch ing   means,  t h e  

s w i t c h i n g   means  having  an  off   s t a t e   and  f i r s t   and  second  o p e r a t i n g  

s t a t e s ,   so  t h a t ,   when  the  s w i t c h i n g   means  is  in  the  f i r s t   o p e r a t i n g  

s t a t e ,   AC  v o l t a g e   is  a p p l i e d  t o   the  s t a t o r   windings  to  r o t a t e   t h e  

r o t o r   in  one  d i r e c t i o n ,   when  the  sw i t ch ing   means  is  in  the  second  

o p e r a t i n g   s t a t e ,   AC  v o l t a g e   is  a p p l i e d   to  the  s t a t o r   windings  t o  

r o t a t e   the  r o t o r   in  the  o the r   d i r e c t i o n ,   and  when  the  s w i t c h i n g  

means  is  in  t h e  o f f  s t a t e ,   DC  v o l t a g e   is  appl ied   to  the  w i n d i n g s .  

7.  An  improved  e l e c t r i c a l   dev ice ,   as  de f ined   in  Claim  4,  wherein  t h e  

e l e c t r o m e c h a n i c a l   indexing   means  comprises   a  s t epp ing   motor  and  d r i v e  

means,  the  motor  being  adapted   to  move  the  brush-moving  means,  and 

the  d r ive   means  being  programmed  such  t h a t ,   when  the  brush  is  a t  

r e s t ,   the  brush   is  in  con t ac t   with  no  more  than  one  of  the  s egment s .  

8.  An  improved  e l e c t r i c a l   d e v i c e ,   as  de f ined   in  Claims  1,  2,  3,  4,  5, 

6,  or  7,  where in   the  e l e c t r i c a l   dev ice   is  an  a d j u s t a b l e   vo l t age   t r a n s -  

f o r m e r .  

9.  An  a d j u s t a b l e   v o l t a g e   t r a n s f o r m e r ,   c o m p r i s i n g  

(a)  An  e l e c t r i c a l l y   conduc t ive   c o i l   wound  upon  a  magnetic  a n n u l a r  

core  and  having  upon  the  co i l   an  a r c u a t e   commutating  s u r f a c e  

c o r r e s p o n d i n g   to  the  path  of  a  con t ac t   brush,   the  commutat ing 

s u r f a c e  b e i n g   formed  of  a  s u c c e s s i o n   of  exposed  segments   of  t h e  

windings   of  the  c o i l ;  



(b)  A  c i r c u l a r   r a d i a t o r   p l a t e   upon  which  the  c o n t a c t   brush  i s  

f i x e d l y   mounted,  the  r a d i a t o r   p l a t e   being  r o t a t a b l y   p o s i t i o n e d  

to  ma in ta in   the  con t ac t   brush  movable  with  r e s p e c t   to  t h e  

commutating  s u r f a c e   and  in  e l e c t r i c a l   engagement  t h e r e w i t h ,  

and  the  r a d i a t o r   p l a t e   having  an  a r c u a t e   row  of  c l o s e l y  

spaced  i n d e n t a t i o n s   e s s e n t i a l l y   equal  to  the  number  of  s e g -  

ments  to  be  c o n t a c t e d ;   and 

(c)  a  s p r i n g - b i a s e d   s h a f t ,   shaped  to  s u c c e s s i v e l y   engage  the  i n d e n t a -  

t i o n s ,   l i g h t l y   locking   the  r a d i a t o r   p l a t e   in  place  while  in  s u c h  

engagement  and  urging  the  r a d i a t o r   p l a t e   toward  such  engagement  

when  not  so  engaged,  the  i n d e n t a t i o n s   being  so  arranged  t h a t ,  

when  the  s p r i n g - b i a s e d   shaf t   is  so  engaged,   the  brush  is  i n  

e l e c t r i c a l   con t ac t   with  no  more  than  one  s e g m e n t .  

). An  a d j u s t a b l e   v o l t a g e   t r a n s f o r m e r ,   c o m p r i s i n g  :  

(a)  An  e l e c t r i c a l l y   conduc t ive   coi l   wound  upon  a  magnetic   a n n u l a r  

core  and  having  upon  the  coil   an  a r cua te   commutating  su r face   c o r -  

responding  to  the  path  of  a  con tac t   b rush ,   the  commutating  s u r -  

face  being  formed  of  a  success ion   of  exposed  segments  of  t h e  

windings  of  the  c o i l ;  

(b)  a  r a d i a t o r   p l a t e   upon  which  the  con tac t   brush  is  f i x e d l y  

mounted,  the  r a d i a t o r   p la te   being  r o t a t a b l y   p o s i t i o n e d  

to  main ta in   the  con tac t   brush  movable  with  r e s p e c t   to  the  . 

commutating  su r f ace   and  in  e l e c t r i c a l   engagement  t h e r e w i t h ;  

and 

(c)  an  AC  synchronous  motor  adapted  to  move  the  r a d i a t o r   p l a t e ,   t h e  

motor  having  a  r o to r   and  a  s t a t o r ,   the  r o t o r   having  a  pe rmanen t  

magnet  s t r u c t u r e ,   a x i a l l y   magnetized,   with  t ee th   on  the  o u t e r  



ends  t h e r e o f ,   the  s t a t o r   having  i d e n t i c a l ,   annu la r ,   p o l e - f o r m i n g  

members  and  windings  adapted  to  magnet ize   the  pole- forming  members,  

the  p o l e - f o r m i n g   members  having  r a d i a l l y   inwardly   p r o j e c t i n g   p o l e  

p ieces   with  t e e t h   on  the  inner   ends  t h e r e o f ,   the  r e l a t i o n s h i p s  

between  the  t e e t h   and  between  the  motor  and  the  brush-moving  means 

being  such  so  tha t   when  DC  vo l t age   is  a p p l i e d   to  the  s t a t o r   w i n d i n g s ,  

the  r o t o r   r o t a t e s   to,  and  is  m a g n e t i c a l l y   held  in  place  at ,   a  d e t e n t  

p o s i t i o n ,   and  the  brush  is  in  con t ac t   with  no  more  than  one  of  t h e  

s e g m e n t s .  

11.  An  a d j u s t a b l e   v o l t a g e   t r a n s f o r m e r ,   as  de f ined   in  Claim  10,  w h e r e i n  

the  AC  synchronous  motor  i s  c o n t r o l l e d   through  switching  means,  t h e  

s w i t c h i n g   means  having  an  off  s t a t e   and  f i r s t   and  second  o p e r a t i n g  

s t a t e s ,   so  t h a t ,   when  the  s w i t c h i n g   means  is  in  the  f i r s t   o p e r a t i n g  

s t a t e ,   AC  v o l t a g e   is  app l i ed   to  the  s t a t o r   windings  to  r o t a t e   t h e  

r o t o r   in  one  d i r e c t i o n ,   when  the  s w i t c h i n g   means  is  in  the  s e c o n d  

o p e r a t i n g   s t a t e ,   AC  vo l t age   is  app l i ed   to  the  s t a t o r   windings  t o  

r o t a t e   the  r o t o r   in  the  o ther   d i r e c t i o n ,   and  when  the  s w i t c h i n g  

means  is  in  the  off  s t a t e ,   DC  v o l t a g e   i s   app l i ed   to  the  w i n d i n g s .  

12.  An  a d j u s t a b l e   v o l t a g e   t r a n s f o r m e r ,   c o m p r i s i n g :  

(a)  an  e l e c t r i c a l l y   conduc t ive   co i l   wound  upon  a  magnetic  a n n u l a r  

core  and  having  upon  the  co i l   a n  a r c u a t e   commutating  s u r f a c e  

c o r r e s p o n d i n g   to  the  path  of  a  c o n t a c t   brush,   the  c o m m u t a t i n g  .  

s u r f a c e  b e i n g   formed  of  a  s u c c e s s i o n   of  exposed  segments  of  t h e  

windings   of  the  c o i l ;  

(b)  a  r a d i a t o r   p l a t e   upon  which  the  c o n t a c t   brush  i s  

f i x e d l y   mounted,  the  r a d i a t o r   p l a t e   being  r o t a t a b l y   p o s i t i o n e d  

to  ma in t a in   the  con tac t   brush  movable  with  respec t   to  the  com- 

muta t ing   s u r f a c e   and  in  e l e c t r i c a l   engagement  t h e r e w i t h ;  



(c)  a  s t e p p i n g   motor  and  dr ive  means,  the  motor  b e i n g  

adapted  to  move  the  brush-moving  means,  and  the  d r i v e  

means  being  programmed  such  t ha t ,   when  the  brush  is  a t  

r e s t ,   the  brush  is  in  con tac t   with  no  more  than  one  of  t h e  

s e g m e n t s .  
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