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©  Telemetry  apparatus. 

©  The  output  from  a  strain  gauge  bridge  13  on  a  shaft  is 
transmitted  to  a  fixed  detector  27,  29,  31  using  onlytwocoupl- 
ing  capacitors  19,  23,  and  21,  25,  each  with  a  rotating  plate  19 
or  21  and  a  fixed  plate  23  or  25,  by  applying  the  voltage  from 
the  bridge  to  a  voltage  to  frequency  converter  15  also 
mounted  on  the  shaft.  The  converter  15  provides  a  square 
wave  signal  with  frequency  proportional  to  strain.  This  is 
received  by  the  detector  circuit  as  a  differentiated  square 
wave.  A  squaring  amplifier  29  and  frequ 
verter  31  reconstitute  a  voltage  proport 
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T h e   output  from  a  strain  gauge  bridge  13  on  a  shaft  is 
transmittedtoafixeddetector27,29,31  using  only twocoupl- 
ing  capacitors  19, 23,  and  21,25,  each  with  a  rotating  plate  19 
or  21  and  a  fixed  plate  23  or  25,  by  applying  the  voltage  from 
the  bridge  to  a  voltage  to  frequency  converter  15  also 
mounted  on  the  shaft.  The  converter  15  provides  a  square 
wave  signal  with  frequency  proportional  to  strain.  This  is 
received  by  the  detector  circuit  as  a  differentiated  square 
wave.  A  squaring  amplifier  29  and  frequency  to  voltage  con- 
verter  31  reconstitute  a  voltage  proportional  to  strain. 



This  i n v e n t i o n   r e l a t e s   to  t e l e m e t r y   apparatus   compr i s ing   a  

s t r a i n   gauge  mounted  on  a  f i r s t   of  two  pa r t s   and  p rov id ing   a n  

a l t e r n a t i n g   s i g n a l   to  a  d e t e c t o r   c i r c u i t   4nounted  on  the  s e c o n d  

par t   by  way  of  a  c a p a c i t i v e   coupl ing   between  the  two  p a r t s .  

I t   is  o f t en   n e c e s s a r y   in  e v a l u a t i n g   the  dynamics  of  a  s y s t e m  

to  c o l l e c t   s t r a i n   da ta .   For  example,  one  may  wish  to  o b t a i n  

torque  and  bending   s t r a i n   data  from  a  veh ic l e   drive  s h a f t .   A 

c o n v e n t i o n a l   method  to  c o l l e c t   s t r a i n   data  from  a  v e h i c l e   d r i v e  

sha f t   under  o p e r a t i n g   c o n d i t i o n s   is  to  mount a  bridge  c i r c u i t ,   o f  

which  one  e lement   is  the  s t r a i n   gauge,  s t r a t e g i c a l l y   on  the  s h a f t .  

The  problem  then  e x i s t s   of  t r a n s f e r r i n g   the  data  from  the  r o t a t i n g  

s h a f t ,   i . e .   the  a f o r e m e n t i o n e d   f i r s t   p a r t ,   to  the  body  of  t h e  

v e h i c l e ,   i . e .   the  second  p a r t .   One  s o l u t i o n   (e .g .   US-PS  3  824  845) 

is  to  use  s l i p   r i ngs   but  s l i p   r ings   are  a  source  of  t r o u b l e   in  t h a t  

the  e l e c t r i c a l   connec t i on   p rov ided   thereby   tends  to  d e t e r i o r a t e .  

Another  s o l u t i o n   (US-PS  3  668  673)  a p p l i e s   the  output  from  t h e  

s t r a i n   gauge  b r idge   to  a  s u b - c a r r i e r   o s c i l l a t o r   (SCO)  whose 

d e v i a t i o n   from  i t s   cen t r e   f r e q u e n c y  i s   p r o p o r t i o n a l   to  the  s t r a i n  

imposed  on  the  s t r a i n   b r i d g e .   The  ou tput   from  the  SC0  is  used  t o  

modulate  a  r ad io   f r equency   o s c i l l a t o r   (RFO)  whose  output   i s  

t r a n s m i t t e d   to  a  r e c e i v e r .   The  use  of  a  radio  frequency  s i g n a l  

can  c rea te   d i s t u r b a n c e   to  o ther   v e h i c l e   e l e c t r i c a l   components .  

Also,  the  t r a n s m i t t e d   rad io   f requency  can  be  r e f l e c t e d   off   m e t a l  

veh ic le   componen t s  t o   c r ea t e   noise   problems  in  the  r e c e i v e d   s i g n a l .  

In  ano the r   s o l u t i o n ,   which  is  in  accordance  with  t h e  

i n t r o d u c t o r y   pa r t   of  claim  1,  (US-PS  3 224  257)  the  s t r a i n   gauge  
c i r c u i t   is  e n e r g i s e d   by  an  a l t e r n a t i n g   s i gna l   from  an  o s c i l l a t o r  

mounted  on  the  second  pa r t   and  c a p a c i t a t i v e l y   coupled  to  the  s t r a i n  

gauge  c i r c u i t   on  the  f i r s t   p a r t .   Such  an  arrangement  r e q u i r e s   two 

c a p a c i t i v e   c o u p l i n g s ,   each  i n v o l v i n g   two  c a p a c i t o r s ,   to  couple  t h e  

e n e r g i s i n g   a l t e r n a t i n g   s i g n a l   to  the  s t r a i n   gauge  c i r c u i t   and  t o  

couple  the  ou tpu t   a l t e r n a t i n g   s i g n a l   to  the  de t ec to r   c i r c u i t .   Fou r  

c a p a c i t o r s   in  a l l   are  thus  r e q u i r e d ,   each  with  one  p l a t e   on  t h e  

f i r s t   pa r t   and  one  p l a t e   on  the  second  s h a f t .   This  makes  t h e  

appara tus   c o m p l i c a t e d .  



An  a r r a g e m e n t   is  a lso   known  CUS-PS  3  303  701)  which  r e q u i r e s  

only  two  c o u p l i n g   c a p a c i t o r s   for  the  case  of  a  t e m p e r a t u r e  

measurement ,   employing  a  r e s o n a n t   c i r c u i t   on  the  f i r s t   p a r t .   The 

f requency  of  the  r e s o n a n t   c i r c u i t   v a r i e s   in  dependence  upon  a  

t empera tu re   s e n s i t i v e   element  t h e r e i n   and  the  r e sonan t   c i r c u i t   i s  

coupled  by  the  c a p a c i t o r s   to  an  a m p l i f i e r   c i r c u i t   on  the  s e c o n d  

pa r t   to  form  an  o s c i l l a t o r   whose  f r equency   i n d i c a t e s   the  t e m p e r a t u r e .  

However  the  r e l a t i o n s h i p   between  f requency   and  t empera tu re   is  n o n -  

l i n e a r .  

The  o b j e c t   of  t h i s   i n v e n t i o n   is  to  provided  an  a p p a r a t u s  

accord ing   to  the  i n t r o d u c t o r y   p a r t   of  claim  1  which  only  r e q u i r e s  

two  coupl ing   c a p a c i t o r s   but  which  can  p rov ide   a  l i n e a r  

r e p r e s e n t a t i o n   of  the  measured  s t r a i n   and  th is   ob jec t   is  met  by  

the  c h a r a c t e r i s i n g   f e a t u r e s   a cco rd ing   to  which  the  s t r a i n   gauge  
c i r c u i t   i n c l u d e s   a  vo l t age   to  f requency   conve r t e r   p r o v i d i n g   t h e  

a l t e r n a t i n g   s i g n a l   in  response   to  a  vo l t age   p r o p o r t i o n a l   to  t h e  

s t r a i n .  

In  the  p r e f e r r e d   p r a c t i c e   of  the  i n v e n t i o n ,   a  b r i d g e  

network  is  s ecu red   on  a  pa r t   s u b j e c t e d   to  s t r a i n ,   such  as  a  s h a f t .  

The  output   from  the  br idge  network,   which  is  p r o p o r t i o n a l   t o  

element  s t r a i n ,   is  d e l i v e r e d   to  a  vo l t age   to  f requency  c o n v e r t e r .  

The  output   from  the  f requency  c o n v e r t e r   is  in  the  form  of  a  

square  wave  with  a  f requency  p r o p o r t i o n a l   to  the  s t r a i n .   The 

output   from  the  f requency  c o n v e r t e r   is  d e l i v e r e d   to  a  f i r s t   s e t  

of  c a p a c i t a n c e   r ings   p laced  about  the  pa r t   for  which  s t r a i n  

r ead ings   are  d e s i r e d .   A  second  set   of  s t a t i o n a r y   c a p a c i t a n c e   r i n g s  

placed  around  the  f i r s t   r ings   p rov ide   c a p a c i t i v e   coupl ing  u t i l i z i n g  

a i r   as  the  d i e l e c t r i c .   The  r e c e i v e d   s i g n a l   is  in  the  form  of  a  

d i f f e r e n t i a t e d   square  wave  and  is  d e l i v e r e d   to  a  squar ing   a m p l i f i e r  

and  t h e r e a f t e r   to  a  f requency  to  vo l t age   c o n v e r t e r ,   wherefrom  t h e  

s i g n a l   is  d e l i v e r e d   by  a  r eadou t   d e v i c e .  

The  i n v e n t i o n   wi l l   be  d e s c r i b e d   in  more  d e t a i l ,   by  way  o f  

example,  with  r e f e r e n c e   to  the  accompanying  drawings  in  wh ich :  

Fig  1  is  a  block  diagram  of  a  t e l e m e t r y   appara tus   embodying 

the  i n v e n t i o n ,  

Fig  2  is  a  diagram  of  a  square  wave  having  a  f r e q u e n c y  

p r o p o r t i o n a l   to  element  s t r a i n ,  



Fig  3  is  a  diagram  of  a  d i f f e r e n t i a t e d   square  wave  h a v i n g  

a  f requency  p r o p o r t i o n a l   t o  s t r a i n .  

R e f e r r i n g   to  Fig  1,  a  vo l t age   source  shown  as  a  b a t t e r y  

s u p p l i e s   a  v o l t a g e   to  an  a d j u s t a b l e   vo l t age   r e g u l a t o r   11  o f  

c o n v e n t i o n a l   des ign  which  d e l i v e r s   a  vo l tage   to  a  b r idge   network  13 .  

The  b r idge   network  13  is  s t r a t e g i c a l l y   l oca t ed   on  the  v e h i c l e   d r i v e  

sha f t   (not  shown)  in  a  c o n v e n t i o n a l   manner  and  i nc ludes   as  one  

r e s i s t o r   t h e r e o f   a  s t r a i n   gauge.  The  b r idge   produces  an  o u t p u t  

vo l tage   drop  ac ross   the  b r idge   network  13  p r o p o r t i o n a l   to  s h a f t  

s t r a i n .   The  ou tpu t   from  the  br idge   network  13  is  d e l i v e r e d   to  a 

vo l tage   to  f r equency   c o n v e r t e r   15,  such  as  manufac tured   by  Ana log  

Devices,   Model  AD537.  The  ou tput   from  the  vo l t age   to  f r e q u e n c y  

conve r t e r   15  is  in  the  form  of  a  square  wave  having  f r e q u e n c y  

p r o p o r t i o n a l   to  s h a f t   s t r a i n   ( i l l u s t r a t i v e l y   shown  in  Fig  2).  The 

output   from  the  f r equency   conve r t e r   15  is  d e l i v e r e d   to  a  c a p a c i t i v e  

coupling  system  1 7 .  

The  c a p a c i t i v e   coupl ing  system  17  i nc ludes   f i r s t   and  s e c o n d  

c a p a c i t a n c e   r i ngs   19  and  21 . s ecu red   around  the  p e r i p h e r y   of  t h e  

sha f t   in  a  c o n v e n t i o n a l   manner.  All  of  items  11,  13,  15,  19  and 

21  are  mounted  on  the  s h a f t .   Third  and  four th   c apac i t ance   r i ngs   23 

and  25  are  f i xed   in  c lose  p roximi ty   to  t h e  a s s o c i a t e d   r ings   19  and 

21  r e s p e c t i v e l y .   The  f requency   modulated  vo l t age   across   r ings   19  and 

21  as  r e c e i v e d   from  the  vo l tage   to  f requency   c o n v e r t e r   15  is  t r a n s -  

mi t ted   to  r i ngs   23  and  25  using  a i r   as  a  d i e l e c t r i c .   The  s i g n a l  

output  from  r ings   23  and  25  is  in  the  genera l   form  of  a  d i f f e r e n t i a t e d  

square  wave  (Fig  3).  The  s igna l   from  r ings   23  and  25  can  then  be  

d e l i v e r e d   to  an  i npu t   a m p l i f i e r   27  to  i n c r e a s e   i t s   l e v e l .   The  s i g n a l  

can  be  p r o c e s s e d . f u r t h e r   by  pass ing   i t   to  a  squa r ing   a m p l i f i e r   29 ,  

f requency  to  vo l t age   c o n v e r t e r   31  and  then  to  a  r e c o r d e r   or  d i r e c t  

readout   device   33.  All  of  items  23,  25,  27,  29,  31  and  33  a r e  

mounted  on  the  v e h i c l e   body .  



1.  Te lemet ry   appa ra tu s   compris ing   a  s t r a i n   gauge  c i r c u i t  

mounted  on  a  f i r s t   of  two  pa r t s   and  p r o v i d i n g   an  a l t e r n a t i n g   s i g n a l  

to  a  d e t e c t o r   c i r c u i t   mounted  on  the.  second  p a r t   by  way  of  a  

c a p a c i t i v e   coupl ing   between  the  two  p a r t s ,   c h a r a c t e r i s e d   in  t h a t  

the  s t r a i n   gauge  c i r c u i t   (11,  13,  15)  i nc ludes   a  v o l t a g e   t o  

f r e q u e n c y   c o n v e r t e r   (15)  p r o v i d i n g   the  a l t e r n a t i n g   s i g n a l   i n  

r e s p o n s e   to  a  vo l t age   p r o p o r t i o n a l   to  the  s t r a i n .  

2.  Telemetry   appa ra tu s   accord ing   to  claim  1,  c h a r a c t e r i s e d   i n  

t h a t   the  d e t e c t o r   c i r c u i t   (27,  29,  31)  i nc ludes   a  f r equency   t o  

v o l t a g e   c o n v e r t e r   (31)  which  conver t s   the  a l t e n a t i n g   s i g n a l   back  t o  

a  v o l t a g e   p r o p o r t i o n a l   to  the  s t r a i n .  
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