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@  Temperature  monitoring  device. 

Device  for  warning  against  the  passing  of  a  temperature 
value,  e.g.  in  case  of  fire,  overheating  or  undercooling.  The 
temperature  sensor  is  a  wire  (15),  made  of  shape  memory 
alloy,  which  can  be  laid  in  a  tortuous  shape  along  the  room 
to  be  watched,  and  this  wire  is  coupled  to  a  circuit  respon- 
sive  to  the  rate  of  change  of  the  electrical  resistance  of  the 
wire  above  a  threshold  value  to  generate  the  warning  sig- 
nal.  This  circuit  includes  a  Wheatstone  bridge  (9)  connected 
to  an  amplifier  (4)  with  an  integrating  feedback  circuit  (20) 
with  limited  integrating  speed.  The  amplifier  (4)  is  further 
connected  to  a  comparator  (12)  having  its  output  connected 
to  an  alarm  relay  (13). 



The  i n v e n t i o n   r e l a t e s   to  a  device  for  w a r n i n g  

a g a i n s t   the  pass ing   of  a  t empera tu re   va lue ,   e .g .   an  u n d e r c o o l i n g  

or  o v e r h e a t i n g   warning  device  such  as  a  f i r e   alarm  system  or  a  

warning  system  for  e l e c t r i c a l   cable  o v e r h e a t i n g .   In  c e r t a i n  

cases  i t   is  n e c e s s a r y   to  monitor   l a rge   rooms  or  long  l e n g t h s ,  

such  as  in  e l e c t r i c   cab le ,   or  rooms  of  t o r t u o u s   shape,  such  a s  

the  c a v i t i e s   between  the  pa r t s   of  a  combustion  engine,   wh ich  

cannot  be  monitored  with  the  help  of  one  s i ng l e   t e m p e r a t u r e  

s e n s o r .  

I t   is  the  ob jec t   of  the  p r e s e n t   i n v e n t i o n   to  p r o -  
vide  a  device  having  one  sensor   capable  of  mon i to r ing   such  r e -  

g i o n s .  

According  to  the  i n v e n t i o n   there   is  provided  a  

t empera tu re   mon i to r ing   device  compr is ing   a  wire  made  of  s h a p e  

memory  a l l o y ,   and  a  c i r c u i t   having  an  input   coupled  to  said  w i r e  

and  being  r e s p o n s i v e   to  a  ra te   of  change  of  the  e l e c t r i c a l  

r e s i s t a n c e   of  the  wire  above  a  t h r e s h o l d   value  to  gene ra t e   a  

warning  i n d i c a t i o n   of  the  pass ing   of  a  t empera tu re   v a l u e .  

Shape  memory  a l l o y s   have  the  p rope r ty   tha t   t h e i r  

r e s i s t i v i t y   slowly  r i s e s   with  r i s i n g   t e m p e r a t u r e ,   but  only  o u t -  

side  t h e i r   t r a n s f o r m a t i o n   t empera tu re   range,   because  wi th in   t h a t  

range  these  a l l oys   show  a  s teep  r e s i s t i v i t y   f a l l   over  about  10 

to  20 %  of  the  value.   When  a  measuring  c i r c u i t   r e g i s t e r s   a  r a t e  

of  r e s i s t a n c e   drop  above  a  t h r e s h o l d   value,   t h i s   means  then  t h a t  

the  wire  t empera tu re   is  r i s i n g   through  the  t r a n s f o r m a t i o n   t em-  

p e r a t u r e   range.   Converse ly ,   the  r e s i s t i v i t y   f a l l s   slowly  w i t h  

f a l l i n g   t empera tu re   ou t s ide   the  t r a n s f o r m a t i o n   t empera tu re   r a n g e  

of  a  shape  memory  a l low,  but  shows  a  s i m i l a r   s teep  r i s e   i n s i d e  

tha t   range.   And  when  a  measuring  c i r c u i t   r e g i s t e r s   ra te   o f  

r e s i s t a n c e   r i s e   above  a  t h r e s h o l d   value;   t h i s   means  then  t h a t  



the  wire  t e m p e r a t u r e   is  f a l l i n g   down  through  the  t r a n s f o r m a t i o n  

t e m p e r a t u r e   r a n g e .  
Such  range  can  be  chosen  by  tak ing   the  r i g h t   w i r e  

a l l o y   and  the  measur ing  c i r c u i t   c o n s e q u e n t l y   wi l l   produce  a  

warning  s i gna l   which  can  be  sent  to  any  warning  i n s t r u m e n t ,   such  

as  a  g e n e r a t o r   of  a  v i s u a l   or  aud ib le   alarm  s i g n a l ,   via  t h e  

n e c e s s a r y   a m p l i f i e r s   and/or   r e l a y s ,   or  to  a  computer,   e tc .   I t  

is  however  not  neces sa ry   tha t   the  whole  wire  be  heated  to  o b t a i n  

an  alarm  s i g n a l .   When  only  one  t en th   is  hea ted ,   the  sudden  r i s e  

or  f a l l   w i l l   be  of  1  to  2  %,  and  t h i s   can  a lso   be  measured  f o r  

p roduc ing   the  alarm  s i g n a l .   The  wire  can  then  be  l a id   in  t u n n e l s  

along  l e n g t h s   of  10  to  50  met res ,   or  along  e l e c t r i c a l   cables   t o  

avoid  o v e r h e a t i n g ,   or  along  the  pa r t s   of  a  combustion  or  o t h e r  

motor  in  t o r t u o u s   forms  to  moni tor   the  t empera tu re   of  the  d i f -  

f e r e n t   p a r t s ,   and  so  on.  As  soon  as  a  par t   of  the  wire  is  t h e n  

o v e r h e a t e d ,   the  alarm  s i gna l   is  p r o d u c e d .  
The  i n v e n t i o n   wi l l   now  be  f u r t h e r   exp la ined   w i t h  

r e f e r e n c e   to  the  appended  drawings,   given  by  way  of  example,  i n  

w h i c h  :  

Figure  1  shows  the  v a r i a t i o n   of  r e s i s t i v i t y   of  a  

given  shape  memory  a l l o y .  

Figure  2  shows  a  t e r n a r y   composi t ion   diagram  o f  

Cu-Al-Zn  a l l o y s   with  the  dependence  of  t r a n s f o r m a t i o n   t e m p e r a -  

ture   range  on  the  c o m p o s i t i o n .  

Figure   3  shows  an  example  of  an  o v e r h e a t i n g   w a r -  

ning  s i g n a l   g e n e r a t o r   accord ing   to  the  i n v e n t i o n .  

Shape  memory  a l l oys   are  a l l oys   having  a  m a r t e n s i -  

t i c   phase  at  lower  t empera tu re   and  an  a u s t e n i t i c   phase  at  h i g h e r  

t e m p e r a t u r e ,   with  a  narrow  t r a n s f o r m a t i o n   range  between  b o t h ,  

of  which  the  b read th   ranges  in  the  order  of  20  to  70°C  and 

capab le   of  producing  a  shape  memory  e f f e c t .   For  these  a l l o y s   i t  

was  e a r l i e r   d i s cove red   t h a t ,   when  they  are  deformed  in  the  m a r -  

t e n s i t i c   s t a t e   from  an  o r i g i n a l   shape  to  another   shape,  and  t h e n  



heated  into  t h e i r   a u s t e n i t i c   s t a t e ,   they  recover   e i t h e r   p a r t i a l -  

ly  or  t o t a l l y   t h e i r   o r i g i n a l   shape  dur ing  the  t r a n s f o r m a t i o n  

from  m a r t e n s i t e   to  a u s t e n i t e ,   and  when  they  are  cooled  down 

again  to  the  m a r t e n s i t i c   s t a t e ,   they  take  again  the  said  o t h e r  

shape.  This  shape  memory  e f f e c t   was  d i s c o v e r e d   in  the  1 9 5 0 ' s  

with  Cu-Zn,  Au-Cd  and  Ni-Ti  a l l o y s ,   and  o the r s   were  found  i n  

l a t e r   yea r s ,   such  as  t e r n a r y   and  q u a t e r n a r y   a l l o y s   with  Fe,  N i ,  

Cr,  Co  or  Mn.  Such  a l l o y s   were  a lso  de sc r ibed   in  B r i t i s h   p a t e n t s  

Nos.  1 .315.652  and  1 .346.046.   Ternary  a l l o y s   of  Cu-Al-Zn  a r e  

also  known  with  8 - s t r u c t u r e   in  the  a u s t e n i t i c   s t a t e ,   of  which  

the  con ten t   (as  shown  in  the  t e r n a r y   d iag ram) ,   l i e s   i n s ide   t h e  

t r a p e z o i d a l   form  de termined  by  the  four  c o r n e r s ,   expressed   i n  

p e r c e n t a g e s   by  weight  of  Cu,  Al  and  Zn  r e s p e c t i v e l y ,   A  (64  ;   1 

;  35),  B  (74  ;   5 ;   21),  C  ( 8 7 . 5  ;   12 .5  ;   0)  and  D  (86  ;   1 4  ;  

0).  Also  q u a t e r n a r y   a l l o y s   of  Cu-Al-Zn  are  known,  being  t h e  

t e r n a r y   a l l oy   of  the  compos i t ions   above,  to  which  a  small  amount 

in  the  range  between  0  and  2.5  %  of  some  other   m a t e r i a l   i s  

added,  such  as  coba l t   or  n i cke l   or  boron.  Such  t e r n a r y   or  q u a -  

t e r n a r y   a l l o y s   are  c a l l e d   h e r e i n a f t e r   "shape  memory  Cu-Al-Zn 

a l l o y s " .  

Figure  1  shows,  as  an  example,  the  v a r i a t i o n   as  a  

f unc t i on   of  t empera tu re   of  the  r e s i s t i v i t y   of  a  wire,   of  1.5  mm 

diameter   and  0.738  metre  l eng th ,   made  of  an  a l l oy   No.  1222  com- 

p r i s i n g   70.3  %  Cu,  24.9 %  Zn,  4.4 %  Al  and  0.4  %  Co.  When  t h e  

a l l oy   is  heated  up  from  room  t e m p e r a t u r e ,   the  r e s i s t i v i t y   r i s e s  

from  about  0.088  micro-Ohm-metre  ( µ Ω m )   to  about  0 . 0 9 0  µ Ω m .  

The  s t a r t i n g   t empera tu re   of  the  t r a n s f o r m a t i o n   to  A u s t e n i t e  

( A s - t e m p e r a t u r e )   l i e s   for  t h i s   a l loy   at  about  30°C.  When  t h e  

t empera tu re   f u r t h e r   r i s e s   through  the  t r a n s f o r m a t i o n   r a n g e  

towards  the  f i n i s h i n g   t empera tu re   of  the  t r a n s f o r m a t i o n   to  Aus-  

t e n i t e   ( A t - t e m p e r a t u r e ) ,   which  is  about  80°C  in  th i s   case,   t h e n  

the  r e s i s t i v i t y   f a l l s   r a p i d l y   down  towards  a  minimum  of  a b o u t  

0 . 0 7 6  µ Ω  m ,   and  then  r i s e s   again  as  the  A f - t e m p e r a t u r e ,   t h e  



t e m p e r a t u r e   where  the  t r a n s f o r m a t i o n   to  A u s t e n i t e   is  f i n i s h e d ,  

is  passed .   When  coo l ing   down  from  A u s t e n i t e ,   the  a l l oy   u n d e r g o e s  

the  i nve r se   t r a n s f o r m a t i o n   to  M a r t e n s i t e   with  a  c e r t a i n   h y s t e -  

r e s i s ,   s t a r t i n g   the  t r a n s f o r m a t i o n   at  the  M s - t e m p e r a t u r e   ( i n  

t h i s   case  at  about  58°C)  and  f i n i s h i n g   the  t r a n s f o r m a t i o n   a t  

the  M f - t e m p e r a t u r e   as  shown  in  the  drawing.   The  t r a n s f o r m a t i o n  

range  of  a  shape  memory  a l l oy   is  the  range  between  Mf  and  A f  ,  
in  t h i s   case  between  about  20  and  about  80°C,  the  range  h a v i n g  
in  t h i s   example  a  b read th   of  about  60°C. 

In  dependence  of  the  a p p l i c a t i o n ,   the  t e m p e r a t u r e  

l e v e l   of  the  t r a n s f o r m a t i o n   can  be  chosen  by  adap t ing   the  a l l o y  

compos i t ion   as  i n d i c a t e d   in  F ig .2 .   For  i n s t a n c e ,   for  the  t e r n a r y  

Cu-Al-Zn  a l l o y s ,   the  M s - t e m p e r a t u r e   as  a  func t ion   of  the  com- 

p o s i t i o n   is  given  in  F igure   2.  When  Ni  is  added,  i t   must  be 

taken  into  account   t ha t   the  l a t t e r   s l i g h t l y   i n c r e a s e s   the  Ms 

- t e m p e r a t u r e ,   whereas  adding  Co  or  B  have  l ess   i n f l u e n c e   on  t h i s  

diagram.  In  g e n e r a l ,   for  o v e r h e a t i n g   warning  systems,   an  a l l o y  

w i l l   be  chosen  having  an  Ms- tempera tu re   between  30°C  and  150°C. 

In  dependence  on  the  use,  the  wire  of  shape  memory 

a l l o y   wi l l   in  gene ra l   have  a  d iamete r   in  the  range  between  0 .1  

mm  and  2.5  mm,  a l though   not  e x c l u s i v e l y .   The  wire  need  not  n e -  

c e s s a r i l y   have  a  c i r c u l a r   c r o s s - s e c t i o n ,   but  the  l a t t e r   may  be 

r e c t a n g u l a r   or  have  any  o ther   shape,  i n c l u d i n g   the  shape  between 

two  c o n c e n t r i c   c i r c l e s ,   the  "wire"  having  then  a  t u b u l a r   form.  

By  "wire"  is  consequen t l y   meant  any  e longa ted   form  with  a  l e n g t h  

dimension  of  l a r g e r   order  of  magnitude  than  the  l a r g e s t   d imen-  

sion  p e r p e n d i c u l a r   t h e r e t o ,   e .g .   at  l e a s t   100  times  l a r g e r .   The 

l eng th   of  the  wire  wi l l   depend  on  the  order  of  magnitude  o f  

l eng th   of  the  zones  where  o v e r h e a t i n g   or  unde rcoo l ing   is  e x p e c -  

ted,   the  p e r c e n t a g e   of  r e s i s t a n c e   drop  or  r i s e   produced  by  t h e  

t r a n s f o r m a t i o n   of  m a r t e n s i t e   or  a u s t e n i t e ,   or  a u s t e n i t e   to  mar -  

t e n s i t e ,   of  the  a l l o y ,   and  on  the  s e n s i t i v i t y   to  which  the  mea- 

su r ing   a p p a r a t u s   has  been  se t .   For  i n s t a n c e ,   for  a  f i r e   a l a r m  



in  a  t unne l ,   a  f i re   o v e r h e a t i n g   l eng th   of  about  3  metres  can  be  

expec ted ,   and  for  an  a l l oy   of  e .g.   12  %  r e s i s t i v i t y - d r o p ,   and 

an  i n s t rumen t   set  to  r e g i s t e r   a  1  %  r e s i s t i v i t y - d r o p   in  15  s e -  

conds  of  t r a n s i t i o n   through  the  t r a n s f o r m a t i o n   range,   a  l e n g t h  

of  36  metres  can  be  taken.   In  a p p l i c a t i o n s   where  the  whole  o f  

the  l eng th   is  ove rhea t ed ,   the re   is  in  p r i n c i p l e   no  l im i t   o f  

l eng th .   In  g e n e r a l ,   for  a p p l i c a t i o n s   where  the  o v e r h e a t i n g   zone  

is  of  the  order  of  a  few  c e n t i m e t r e s ,   as  in  mon i to r ing   m o t o r  

pa r t s   or  s h o r t - c i r c u i t s   in  e l e c t r i c a l   c o n d u c t o r s ,   the  usual   w i r e  

length   wi l l   range  in  the  order  of  0.5  to  3  met res .   In  f i r e   a l a r m  

a p p l i c a t i o n s ,   where  the  o v e r h e a t i n g   zone  is  of  the  order  of  0 . 3  

to  about  3  met res ,   wire  l eng ths   in  the  range  between  3  and  50 

metres   can  be  used,  and  if  the  c i r c u i t   can  be  p r e s e t   with  a  

s u f f i c i e n t l y   low  t h r e s h o l d   value,   but  s t i l l   wi thout   r e s p o n d i n g  

to  slower  d r i f t   s i g n a l s ,   the  length   can  even  go  up  to  100 

m e t r e s .  

Figure  3  shows  an  example  of  an  o v e r h e a t i n g   w a r -  

ning  s i gna l   g e n e r a t o r .   A  c i r c u i t   r e spons ive   to  an  exces s ive   r a t e  

of  r e s i s t a n c e   drop  comprises   an  o p e r a t i o n a l   a m p l i f i e r  4   and  a  

whea ts tone   b r idge   9.  The  output   vo l t age   Vo  of  the  a m p l i f i e r   4 

is  fed  back  to  the  input ,   on  one  hand  via  feedback  r e s i s t a n c e  

3,  on  the  other   hand  via  a  feedback  c i r c u i t   20  compris ing   a  

c l o c k - p u l s e   g e n e r a t o r   5,  an  up-down  counter   6,  and  a  d i g i t a l -  

t o - a n a l o g   c o n v e r t e r   7,  d e l i v e r i n g   an  output   s igna l   V  t h r o u g h  

feedback  r e s i s t a n c e   2  back  to  the  input   of  a m p l i f i e r   4.  T h i s  

input   is  also  connected  via  a  noise  f i l t e r   8,  compris ing   an  

input   r e s i s t a n c e   1,  to  the  Wheatstone  b r i d g e  9   which  d e l i v e r s  

an  output   vo l t age   Vb  towards  the  a m p l i f i e r .  

The  Wheatstone  br idge  comprises   the  wire  15  made 

of  shape  memory  a l l oy   of  which  the  e x t r e m i t i e s   are  connected  t o  

t e r m i n a l s   19  and  forming  a  f i r s t   arm  of  the  b r idge .   An  a d j a c e n t  

arm  comprises   p r e f e r a b l y ,   but  not  n e c e s s a r i l y ,   a  monitor   w i r e  

16  of  the  same  a l l oy   and  same  d imens ions ,   exposed  to  the  same 



ambient  t empera tu re   v a r i a t i o n s   as  wire  15,  but  not  exposed  t o  

the  same  o v e r h e a t i n g   r i s k s .   The  two  other   arms  are  formed  by 
two  equal  r e s i s t a n c e s   17  and  18.  A  d . c . - s u p p l y   vo l t age   i s  

app l i ed   between  r e s i s t a n c e s   17  and  18,  whereas  the  poin t   be tween  

r e s i s t a n c e s   15  and  16  is  connected  to  e a r t h .   This  produces  a t  

the  output   of  the  br idge   an  imbalance  vo l t age   Yb. 
The  output   of  the  o p e r a t i o n a l   a m p l i f i e r   4  is  c o n -  

nec ted ,   via  noise  f i l t e r   10,  to  a  second  o p e r a t i o n a l   a m p l i f i e r  
12.  The  p o s i t i v e   input   t e rmina l   of  th i s   a m p l i f i e r   is  c o n n e c t e d  

to  the  output   of  a m p l i f i e r  4   and  r e c e i v e s   the  output   v o l t a g e  V o  
of  the  l a t t e r ,   whereas  the  nega t i ve   t e rmina l   is  connected  to  a  

p o t e n t i o m e t e r   c i r c u i t   11  for  a d j u s t i n g   the  p o s i t i v e   t h r e s h o l d  

v o l t a g e   Vt .   The  ou tput   of  a m p l i f i e r   12  is  connected  to  a  

p o l a r i z e d   r e l ay   13  which  c loses   c o n t a c t   14  when  the  i n p u t  

v o l t a g e   of  a m p l i f i e r   12  is  p o s i t i v e ,   i . e .   when  V0  is  l a r g e r  
than  V t .  

The  c l o c k - p u l s e   g e n e r a t o r   5  of  the  feedback  c i r -  

cu i t   of  the  f i r s t   a m p l i f i e r  4   d e l i v e r s   pulses   every  A t   s e c o n d s ,  

e .g .   every  15  seconds .   The  output   of  t h i s   g e n e r a t o r   is  c o n n e c t e d  

to  a  f i r s t   inpu t   22  of  the  up-down  coun te r   6  whereas  the  o t h e r  

inpu t   23  of  t h i s   counte r   is  connected  to  the  output   of  a m p l i f i e r  
4.  The  coun te r   6  is  so  a r ranged  as  to  count  up  when  the  v o l t a g e  

Vo  at  input   23  is  p o s i t i v e   and  down  when  tha t   vo l t age   is  n e g a -  
t i v e .   The  o u t p u t s   24  of  the  d i f f e r e n t   b inary  s tages   of  t h e  

coun te r   are  connected  to  the  input   of  the  d i g i t a l - t o   a n a l o g  

c o n v e r t e r   7,  which  is  a r ranged  to  produce  an  output   vo l t age   Vf ' 
which  is  p r o p o r t i o n a l   to,  but  has  the  i nve r se   sign  of  t h e  

d i g i t a l   con ten t   of  coun te r   6.  The  r e s u l t i n g   output   vo l t age   wave 
form  26  is  a  cumula t ion   of  vo l t age   s tep  f u n c t i o n s   of  u n i t a r y  

v o l t a g e   value  ΔVf ,   i . e .   the  amount  tha t   the  output   vo l t age   Vf 
of  the  c o n v e r t e r   7  r i s e s   with  each  dec rease   of  input   value  o f  

one  b inary   u n i t .  



In  o p e r a t i o n ,   when  the  a l l oy   wire  15  does  n o t  

change  r e s i s t a n c e   va lue ,   the  output   vo l t age   Vo  wi l l   be  z e r o ,  

and  re lay   c o n t a c t   14  remains  in  the  open  p o s i t i o n   shown  in  t h e  

drawing.   If   not  zero  in  f ac t ,   but  for  i n s t a n c e   p o s i t i v e ,   t h e  

counte r   6  wi l l   accept   the  c lock  pu lses   and  i n c r e a s e   i t s   b i n a r y  

con ten t   in  response   to  which  the  c o n v e r t e r   7  wi l l   s t epwise   l o w e r  

i t s   output   v o l t a g e   Vf ,  whereby,  via  feedback  r e s i s t a n c e   2,  t h e  

input   vo l t age   of  a m p l i f i e r  4   comes  down  u n t i l   ou tput   v o l t a g e  V o  
becomes  z e r o .  

When  there   is  a  slow  v a r i a t i o n   of  r e s i s t a n c e   v a l u e  

15,  due  e .g.   to  slow  t empera tu re   changes,   or  when  the re   is  s l o w  

d r i f t   of  the  c i r c u i t   c o n s t a n t s ,   then  the  feedback  c i r c u i t   w i l l  

work  in  the  same  way  to  compensate  the  changes.   The  c h a n g e s  

cause  the  output   vo l t age   to  slowly  dev ia te   from  zero,   whereby 

the  feedback  v o l t a g e   Vf  is  changed  so  tha t   the  output   v o l t a g e  

Vo  becomes  zero  again .   
dVb  There  is  however  a  ra te   of  v o l t a g e   change  ( dVb/dt ) 

at  the  output   of  Wheatstone  b r idge   9,  for  which  the  f e e d b a c k  

c i r c u i t   20  is  no  longer   rapid   enough  to  produce  complete  com- 

p e n s a t i o n ,   and  when  t h i s   ra te   of  vo l t age   change  is  p o s i t i v e ,  
which  occurs  in  the  case  of  a  rapid   r e s i s t a n c e   f a l l   of  r e s i s -  

tance  15,  then  the  output   vo l t age   Vo  begins  to  r i s e   u n t i l   i t  

r eaches   t h r e s h o l d   vo l t age   Vt  and  a m p l i f i e r   12  wil l   a c t u a t e  

r e l ay   13  and  close  re lay   con t ac t   14. 

When  Δ t   is  the  time  between  two  c l o c k - p u l s e s  

and  ΔVf  is  the  c o r r e c t i o n   step  given  by  one  pulse  to  t h e  

feedback  vo l t age   Vf ,  then  the  output   vo l t age   r i s e   ΔVo  d u r i n g  

one  pulse  p e r i o d  Δ t   is  given  by 

in  which  R1'  R2  and  R3  are  the  va lues   of  r e s i s t a n c e s   1,  2  and  3 

r e s p e c t i v e l y .  



Assuming  tha t   the  ra te   of  vo l t age   change  

(dVb/d t ) l imi t   is  the  lowest  l im i t   to  a c t u a t e   r e l ay   13,  t h i s  

means  then  t ha t   the  c i r c u i t   wi l l   need  the  whole  du ra t ion   t h a t  

Vb  changes  from  i t s   value  at  r e s t   to  i t s   maximum  value,   over  a  
t o t a l   d i f f e r e n c e   ΔVb,   u n t i l   Vo  becomes  equal  to  Vt ,  and  t h a t  

r e l a y   14  is  a c t u a t e d   jus t   at  the  end  of  the  change  of  t h e  

output   of  the  b r i d g e .   Consequent ly ,   and  assuming  a  l i n e a r   change 

of  Vb  as  a  f u n c t i o n   of  t ime,  the  number  of  pu l ses   during  t h i s  

whole  d u r a t i o n   w i l l   be  equal  t o  

and  a f t e r   such  number  of  pu lses   the  output   vo l t age   Vo  wil l   be  

given  by  m u l t i p l i c a t i o n   of  e x p r e s s i o n   (1)  by  e x p r e s s i o n   (2)  and 

th i s   is  equal  to  the  t h r e s h o l d   value  Vt  o r  

o r  

Consequen t ly ,   a l l   p o s i t i v e   changes  of  Vb  above  a  c e r t a i n   r a t e ,  

de termined  by  a  number  of  c o n s t a n t s   of  the  c i r c u i t   which  can  be  

p r e s e t ,   wi l l   cause  the  r e l ay   13  to  be  a c t u a t e d ,   and  below  t h a t  

ra te   they  wi l l   not.   As  a  rapid  r e s i s t a n c e   f a l l   of  wire  15  c a u s e s  

a  rap id   p o s i t i v e   change  of  Vb  in  the  br idge  c i r c u i t   of  F i g u r e  

3,  t h i s   br idge  with  a m p l i f i e r   c i r c u i t   can  consequen t ly   be  c a l l e d  

a  c i r c u i t   r e s p o n s i v e   to  a  ra te   of  r e s i s t a n c e   drop  above  a  

t h r e s h o l d   va lue ,   which  can  be  c a l c u l a t e d   from  e x p r e s s i o n   (3)  

and  which  depends  on   c i r c u i t   c o n s t a n t s .  

When  a n a l y s i n g   the  func t ion   of  the  o p e r a t i o n a l  

a m p l i f i e r  4   above,  i t   is  c l ea r   tha t   in  fac t   i t   is  an  o p e r a t i o n a l  

a m p l i f i e r   with  an  input   r e s i s t a n c e   and  with  an  i n t e g r a t i n g  

counte r   in  the  feedback  c i r c u i t .   An  i n t e g r a t i o n   in  the  f e e d b a c k  

c i r c u i t   makes,  as  well  known,  the  a m p l i f i e r   to  work  as  a  d i f f e -  

r e n t i a t o r .   But  because  of  the  l im i t ed   i n t e g r a t i n g   speed  of  t h e  



i n t e g r a t i n g   coun te r ,   which  is  equal  to  A  V .  /  A  t   vo l t s   p e r  

second,  the  a m p l i f i e r   acts  as  a  d i f f e r e n t i a t o r   u n t i l   a  t h r e s h o l d  

value  is  reached.   It  is  c l ea r   tha t   in  the  feedback  c i r c u i t   o t h e r  

e q u i v a l e n t s   can  be  designed  for  an  i n t e g r a t o r   with  l i m i t e d  

i n t e g r a t i n g   speed,  by  analog  or  d i g i t a l   means.  

It  is  also  c l ea r   tha t   a  c i r c u i t   r e spons ive   to  a  

ra te   of  r e s i s t a n c e   drop  above  a  t h r e s h o l d   value  need  not  n e c e s -  

s a r i l y   be  designed  in  the  form  of  an  o p e r a t i o n a l   a m p l i f i e r   w i t h  

an  i n t e g r a t o r   with  l im i t ed   i n t e g r a t i n g   speed  in  the  f e e d b a c k  

c i r c u i t .   It  is  a lso  p o s s i b l e   to  design  such  c i r c u i t   in  the  fo rm 

of  a  d i f f e r e n t i a t o r ,   e .g .   an  o p e r a t i o n a l   a m p l i f i e r   with  c a p a c i -  

t ive   input   impedance  and  r e s i s t i v e   feedback,   the  output   of  t h e  

d i f f e r e n t i a t o r   being  connected  to  one  input   of  a  t h r e s h o l d   c i r -  

cu i t ,   which  is  adapted  to  d e l i v e r   an  output   s igna l   when  t h e  

input   vo l t age   at  tha t   input   exceeds  a  p r e s e t   v o l t a g e ,   a p p l i e d  

at  a  second  input   of  said  t h r e s h o l d   c i r c u i t .  

The  input   vo l t age   Vb  for  the  o p e r a t i o n a l   a m p l i -  

f i e r   need  not  n e c e s s a r i l y   be  taken  from  a  Wheatstone  b r i d g e  

c i r c u i t .   The  s imples t   way  is  to  feed  with  d.c.   vo l t age   a  s e r i e s  

connec t ion   of  the  a l loy   wire  and  another   r e s i s t a n c e ,   and  t a k e  

the  input   vo l t age   Vb  over  the  e x t r e m i t i e s   of  the  wire.   Bu t  

other   pass ive   networks  may  be  used,  supp l i ed   with  a  supply  v o l -  

tage,   where  the  vo l t age   Vb  is  taken  from  two  po in t s   in  t h e  

network,  adapted  to  d e l i v e r   a  vo l t age   Vb  changing  in  r e s p o n s e  
to  the  r e s i s t a n c e   change  of  said  wire,  such  as  across   the  d i a -  

gonal  po in t s   of  a  Wheatstone  b r idge .   This  is  consequen t ly   meant  

by  "coup l ing"   the  wire  to  the  input   of  the  c i r c u i t .  

As  an  example  for  the  use  of  the  c i r c u i t   o f  

Figure  3,  a  f i r e - a l a r m   system  can  be  des igned ,   in  which  a  round  

wire  15  is  used  of  7.6  m  length   and  2  mm  d iameter   of  an  a l l o y  

1287  (71.2  %  Cu ;   23.6 %  Zn ;   4.6  %  Al  and  0.4  %  Co)  ;   t h e  

r e s i s t a n c e   15  f a l l s   from  about  260  mi l l i -ohms   to  about  225 

mi l l i -ohms   between  about  60°C  and  about  90°C.  When  the  b r i d g e  



is  supp l i ed   with  a  v o l t a g e   of  1.5  v o l t s   and  r e s i s t a n c e s   17  and 

18  are  of  10  Ohms  each,  then  the  t o t a l   v o l t a g e   d e v i a t i o n   Δ V b  

of  the  b r idge ,   when  only  one  t en th   is  hea ted ,   is  of  the  o r d e r  

of  0.525  m i l l i v o l t s .   With  a  t h r e s h o l d   value  Vt  of  zero  and 

R1  =  R2  e x p r e s s i o n   (3)  gives  for  i n s t a n c e  

If  i t   is  wished  tha t   the  c i r c u i t   produces  an  alarm  above  t h e  

l i m i t   of  the  0.525  m i l l i v o l t s   r i s e   in  2  minutes   for  a  f i r e ,   and 

each  s tep  AVf  of  the  d i g i t a l - t o - a n a l o g   c o n v e r t e r   is  of  t h e  

order   of  0.05  m i l l i v o l t s ,   then  the  f requency  of  the  c l o c k - p u l s e  

g e n e r a t o r   can  be  set   at  about  one  pulse  per  12  seconds.   I t   i s  

however  c l ea r   tha t   o ther   c i r c u i t   c o n s t a n t s   can  be  taken,   which 

wi l l   need  o ther   p r e s e t t i n g s .  

Although  t h i s   c i r c u i t   example  of  Figure  3  r e l a t e s  

to  an  o v e r h e a t i n g   s i gna l   g e n e r a t o r ,   i t   is  c l e a r   tha t   an  a n a l o -  

gous  c i r c u i t   can  be  designed  for  g e n e r a t i n g   an  u n d e r c o o l i n g  

alarm  s i g n a l .  



1.  A  t empera tu re   moni to r ing   device  compris ing   a  

wire  made  of  shape  memory  a l l o y ,   and  a  c i r c u i t   having  an  i n p u t  

coupled  to  said  wire  and  being  r e s p o n s i v e   to  a  ra te   of  change  

of  the  e l e c t r i c a l   r e s i s t a n c e   of  the  wire  above  a  t h r e s h o l d   v a l u e  

to  gene ra te   a  warning  i n d i c a t i o n   of  the  pass ing   of  a  t e m p e r a t u r e  

v a l u e .  

2.  A  device  accord ing   to  claim  1,  in  which  s a i d  

c i r c u i t   r e spons ive   to  a  rate   of  change  of  r e s i s t a n c e   above  a  

t h r e s h o l d   value  comprises   a  pass ive   e l e c t r i c a l   network  in  which  

said  wire  is  i nc luded ,   a  d i f f e r e n t i a t o r   c i r c u i t   of  which  t h e  

input   is  connected  to  two  poin ts   of  said  network  adapted  t o  

d e l i v e r   a  vo l tage   changing  in  response  to  a  change  of  r e s i s t a n c e  

of  said  wire,  and  a  t h r e s h o l d   c i r c u i t   of  which  the  input   i s  

connected  to  the  output   of  said  d i f f e r e n t i a t o r .  

3.  A  device  accord ing   to  claim  1,  in  which  s a i d  

c i r c u i t   r e spons ive   to  a  ra te   of  change  of  r e s i s t a n c e   above  a  

t h r e s h o l d   value  comprises   a  pass ive   e l e c t r i c a l   network  in  which  

said  wire  is  i nc luded ,   an  a m p l i f i e r   of  which  the  input   is  c o n -  

nected  by  r e s i s t i v e   means  to  two  po in t s   of  said  network  a d a p t e d  

to  d e l i v e r   a  vo l t age   changing  in  response  to  a  r e s i s t a n c e   change  

of  said  wire,  the  output   of  said  a m p l i f i e r   being  fed  back  

towards  the  input  via  an  i n t e g r a t o r   having  a  l im i t ed   i n t e g r a t i n g  

s p e e d .  

4.  A  device  accord ing   to  claim  3,  in  which  s a i d  

i n t e g r a t o r   with  l imi t ed   i n t e g r a t i n g   speed  comprises   a  g e n e r a t o r  

of  clock  pu l se s ,   an  up-down  counter   for  count ing   the  c l o c k  

pulses   at  one  input   up  or  down  accord ing   as  the  vo l t age   at  a  

second  input   is  p o s i t i v e   or  n e g a t i v e ,   and  a  d i g i t a l - t o - a n a l o g  



c o n v e r t e r   of  which  the  input   is  connected  to  the  output   of  s a i d  

c o u n t e r .  

5.  A  device   accord ing   to  any  one  of  the  p r e c e d i n g  

c l a ims ,   in  which  sa id   shape  memory  a l l oy   is  a  Cu-Al-Zn  s h a p e  

memory  a l l o y .  

6.  A  device  for  mon i to r ing   o v e r h e a t i n g   a c c o r d i n g  

to  any  one  of  the  p reced ing   c la ims ,   in  which  said  c i r c u i t   r e s -  

ponsive   to  a  r a t e   of  change  of  r e s i s t a n c e   is  r e s p o n s i v e   to  a  

ra te   of  drop  of  r e s i s t a n c e .  

7.  A  device  accord ing   to  any  one  of  the  p r e c e d i n g  

c l a ims ,   in  which  said  a l l oy   has  an  Mg  t empera tu re   in  the  r a n g e  
between  30°C  and  150°C. 

8.  A  device  accord ing   to  any  one  of  the  p r e c e d i n g  

c l a ims ,   in  which  the  wire  has  a  c i r c u l a r   c r o s s - s e c t i o n   of  a  

d iamete r   in  the  range  between  0.1  mm  and  3  mm  and  a  length   i n  

the  range  from  0.5  to  100  m e t r e s .  
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