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[57] A B S T R A C T

A n  a p p a ra tu s  fo r m easu rin g  th e  te m p e ra tu re  o f  a p iston  

in  an  in te rn a l c o m b u stio n  eng ine . T h e  a p p a ra tu s  in 

c lu d e s a th e rm is to r  to  sense  th e  te m p e ra tu re  o f  th e  p is 

to n  a n d  g e n e ra te  an  e le c tr ic a l s ignal re p re se n ta tiv e  o f  

th a t te m p e ra tu re , a  tran sm iss io n  unit c o n n e c te d  to  th e  

th e rm is to r  fo r  re c e iv in g  th e  e le c tr ic a l s ignal and  fo r 

c o n v e r tin g  th e  signal to  an  in fra re d  beam  fo r  tran sm is 

sion to  a p o in t re m o te  from  th e  p isto n , an d  a  re c e iv e r  to  

re c e iv e  th e  beam  and  c o n v e r t  th e  beam  to  an  e le c tr ic a l 

s ignal c o rre sp o n d in g  to  th e  e le c tr ic a l s ignal g e n e ra te d  

by  th e  th e rm is to r . T h e  first m en tio n ed  e le c tr ic a l signal 

is c o n v e r te d  to  a re c ta n g u la r  w a v e  fo rm  p r io r  to  tra n s 

m ission o f  th e  in fra re d  beam .
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A P P A R A T U S  F O R  M E A S U R IN G  T H E  

T E M P E R A T U R E  O F  A P IS T O N  IN  A N  IN T E R N A L  

C O M B U S T IO N  E N G IN E

B A C K G R O U N D  O F  T H E  I N V E N T IO N

1. F ie ld  o f  th e  In v e n tio n

T h is  in v en tio n  re la te s  to  d e v ic e s  fo r  sensing  se lec te d  

c o n d it io n s  in co n fin ed  a reas a n d /o r  in co m b in a tio n  w ith  

m o v in g  p a r ts  and , m o re  p a r tic u la r ly , to  d e v ic e s  fo r 

sensing  th e  te m p e ra tu re  o f  a p is to n  in an  in te rn a l c o m 

bu stio n  eng ine .

2. D e sc r ip tio n  o f  th e  P r io r  A r t

T h is  in v en tio n  w ill b e  d e sc rib e d  as e m b o d ie d  in a p p a 

ra tu s  fo r  m o n ito rin g  p is ton  te m p e ra tu re s  in an  in te rn a l 

co m b u stio n  eng ine . I t w ill  be  a p p re c ia te d  th a t a  n u m b er 

o f  o th e r  a p p lic a tio n s a re  po ssib le , fo r  exa m p le  to  m e a 

su re  stra in  o r  v ib ra tio n  in a m e m b e r o r  m easu re  th e  

te m p e ra tu re  c o n d it io n  o f  a  tu rb in e  b lade.

T h e re  a re  a n u m b e r  o f  a v a ila b le  te c h n o lo g ie s  fo r  

sensing  p is ton  te m p e ra tu re s , b u t a m a jo r  p ro b le m  is to  

ge t th e  sensed c o n d it io n  o u t o f  th e  c y lin d e r  as a re liab le , 

u sab le  signal. F o r  exam p le , it has b een  p ro p o se d  to  

b rin g  th e  signal o u t o f  th e  en g in e  using  slip  ring s, rad io  

te le m e try , and  m ech an ic a l linkages. T h e se  h a v e  a n u m 

b e r  o f  in h e re n t p rob lem s. S lip  r in g s a re  su sc ep tib le  to  

e le c tr ic a l noise  w h ic h  affe c ts  re liab ility . R a d io  te le m e 

try  un its  a re  g e n e ra lly  h e a v y  an d  a d v e rse ly  a ffec ted  by  

h ig h  “ g ”  fo rces and  e le v a te d  te m p e ra tu re s . M ech an ic a l 

linkag es  a re  d ifficu lt to  in sta ll, re q u ir in g  ex ten siv e  m o d 

if ica tions to  th e  eng ine , and  a re  lim ite d  as to  th e  speed s 

to  w h ic h  th e y  can  b e  ex posed , i.e. en g in e  R P M .

A n o th e r  p re v io u s  m e th o d  p ro p o se d  fo r m easu ring  

th e  te m p e ra tu re  o f  a p is ton  in an  in te rn a l c o m b u stio n  

en g ine  is to  in c o rp o ra te  a  p lu g  in th e  p is ton  w h e re v e r  a 

te m p e ra tu re  re a d in g  is re q u ire d . T h e se  p lug s a re  m a de  

o f  a spe cia lly  tre a te d  a lloy  c ap ab le  o f  w ith s ta n d in g  

e le v a te d  te m p e ra tu re s  fo r  a specific  p e r io d  o f  tim e. B ut 

c e rta in  c h a ra c te r is tic s  o f  th e  p lu g , e .g . h a rd n ess , a re  

affe c ted  by th e  e le v a te d  te m p e ra tu re s , a n d  c h a n g e s  in 

th o se  c h a ra c te r is tic s  a re  used  to  a r r iv e  a t te m p e ra tu re  

m easu rem en t.

A n  exam ple  o f  th is  ty p e  o f  m easu rem en t syste m  is 

d isc lo sed  in U .S . P a t. N o . 4,787,282 issued  N o v . 29, 

1988 to  S hine . In  th is  p a te n t an A lu m in u m -C o p p e r  a llo y  

p lu g  is in c o rp o ra te d  in to  th e  p isto n . T h is  p lu g  c a n  b e  a 

b a n d  in te g ra lly  c a st w ith  th e  p isto n , a se ts c re w , o r  a 

w e d g e  th a t is p ress-fit in to  th e  p iston . T h is  p lu g  is su b 

j e c te d  to  a  qu alify in g  ru n  o f  a t least 100 h o u rs  an d  th e  

h a rd n e ss  o f  th e  p lu g  is th e n  m easu red . T h e  ste a d y -sta te  

te m p e ra tu re  o f  th e  p is ton  is th e n  c a lc u la te d  by re fe re n c e  

to  a  c a lib ra tio n  c u rv e  g ra p h in g  h a rd n e ss  v e rse s te m p e r 

a tu re  fo r  th e  g iv e n  a llo y  m ix tu re . A  p ro b le m  w ith  th is  

ty p e  o f  p is to n  m easu rin g  d e v ic e  is th a t it w ill  n o t re 

s p o n d  to  fast te m p e ra tu re  tra n s ie n ts  o n  th e  su rfa c e  o f  

th e  p isto n . F u r th e r ,  th e se  d ev ic e s m u st be  re m o v e d  

fro m  th e  p isto n , sen t to  a  la b o ra to ry  to  b e  te s te d  fo r 

ha rd ne ss , a n d  th e n  th e  te m p e ra tu re  o f  th e  p is to n  c a lc u 

la te d  fro m  th e  ca lib ra tio n  c u rv e . T h is  is a  v e ry  tim e  

co n su m in g  p ro c e ss  a n d  is u n a c c e p ta b le  w h e re  th e  te m 

p e ra tu re  o f  th e  p is to n  is n e e d e d  im m e dia te ly .

D e v ic e s  o f  th e  ty p e  to  w h ic h  th is  in v en tio n  re la te s 

w ill  fin d  im p o rta n t app lic a tio n  as a  re se a rc h  to o l in  

se le c tin g  p is to n /c y lin d e r  m a te ria ls  an d  fo rm u la tin g  fue l 

a n d  lu b ric a tio n  p ro d u c ts .

S U M M A R Y  O F  T H E  I N V E N T I O N

T h is  in v en tio n  p ro v id e s  an  a p p a ra tu s  fo r  m easu rin g  a 

c o n d it io n  on  m o v in g  p a r ts  a n d /o r  w ith in  a  co n fin ed  

spa ce , fo r  ex am ple , p is to n  te m p e ra tu re  in an  in te rn a l 

co m b u stio n  en g in e  in w h ic h  a se nso r is m o u n te d  o n  th e  

p is ton  fo r sensing  th e  te m p e ra tu re  o f  th e  p is to n . T h e  

p is ton  c a rr ie s  an  o p tic a l s ignal tra n sm itte r  w h ic h  r e 

sp o n ds  to  th e  se n so r a n d  tra n sm its a  signal re p re s e n ta 

t iv e  o f  th e  te m p e ra tu re  re c e iv e d  fro m  th e  sensing  

m eans, p re fe ra b ly  an  in fra re d  tra n sm itte r  is u se d . T h e  

in fra re d  signal is re c e iv e d  ex te rn a lly  o f  th e  p is to n  and  

c o n v e r te d  to  an  e le c tr ic a l s ignal re p re se n ta tiv e  o f  th e  

te m p e ra tu re  o f  th e  p is to n  fo r fu r th e r  p ro cessin g .

P re fe ra b ly , a  te m p e ra tu re  re sp o n siv e  e le m e n t senses 

th e  p is to n  te m p e ra tu re  a n d  p ro d u c e s  an  e le c tr ic a l s ignal 

w h ic h  c o rre sp o n d s , in a  p re se le c te d  m an n e r, to  th e  

sensed  te m p e ra tu re . V a rio u s  ty p e s  o f  e le m en ts  c a n  be  

used  fo r  te m p e ra tu re  sensing , fo r  ex am ple  a  th e rm o 

c o u p le  o r  th e rm is to r . T h e  p re fe rre d  em b o d im e n t w ill  be  

d iscu sse d  as u sin g  a  th e rm is to r  b u t o th e r  te m p e ra tu re  

se n sitiv e  e le m en ts  m ay  be  used . T h e  signal is p ro c e sse d  

th ro u g h  a  v o lta g e -fre q u e n c y  c o n v e r te r  w h ic h  p ro d u c e s  

a  f re q u e n c y  signa l th a t ex cite s an  in fra re d  d io d e . T h e  

in fra re d  d io d e  tra n sm its an  in fra re d  b eam  to  a  re c e iv in g  

in fra re d  d e te c to r  w h e re  th e  in fra re d  be am  ex cite s th e  

re c e iv in g  d e te c to r . T h e  re c e iv in g  d e te c to r  in tu rn  g e n 

e ra te s  a fre q u e n c y  signal c o rre sp o n d in g  to  th a t  p ro 

d u c e d  a t th e  v o lta g e -fre q u e n c y  c o n v e r te r . A  fre q u e n c y - 

v o lta g e  c o n v e r te r  re c o n v e r ts  th e  fre q u e n c y  signal to  an  

an a lo g  signal c o rre sp o n d in g  to  th e  sensed  te m p e ra tu re  

w h ic h  can  th e n  be  used  in fu r th e r  p ro cess in g  to  p ro d u c e  

a te m p e ra tu re  re a d  o u t. T h e  v o lta g e -fre q u e n c y  c o n 

v e r te r  is se le c te d  to  p ro v id e  a  re c ta n g u la r  w av e . T h e  

re c ta n g u la r  w a v e  p a tte rn  is p re fe rre d  as it d istin gu ish es 

th e  sensed  signal fro m  b a c k g ro u n d  in fra re d  em issions 

a n d /o r  e le c tr ic a l no ise  p re se n t in th e  en g in e  e n v iro n 

m e n t, th e re b y  e n h a n c in g  th e  re liab ility  o f  th e  un it.

A  p rin c ip a l o b je c t o f  th e  in v e n tio n  is to  p ro v id e  an  

a p p a ra tu s  fo r  m easu rin g  th e  s te a d y  sta te  te m p e ra tu re  o f  

a  p is to n  in an  in te rn a l c o m b u stio n  eng ine .

A n o th e r  p rin c ip a l o b je c t o f  th e  in v en tio n  is to  p r o 

v id e  an  a p p a ra tu s  fo r  m easu ring  th e  te m p e ra tu re  o f  a 

p is to n  in  an  in te rn a l co m b u stio n  en g in e  w h ic h  is ca p ab le  

o f  m easu ring  ra p id  te m p e ra tu re  tra n s ie n ts  on  th e  s u r 

fa ce  o f  th e  p iston .

A n o th e r  p r in c ip a l o b je c t o f  th e  in v e n tio n  is to  p ro 

v id e  a  w ire le ss, te le m e try  te c h n iq u e  fo r  m easu ring  th e  

te m p e ra tu re  o f  a  p is to n  in  an  in te rn a l co m b u stio n  e n 

g ine .

A n o th e r  p rin c ip a l o b je c t o f  th e  in v e n tio n  is to  p ro 

v id e  an  a p p a ra tu s  fo r  m e a su rin g  th e  te m p e ra tu re  o f  a 

p is to n  in  an  in te rn a l c o m b u stio n  en g in e  w h ic h  w ill  be  

a ffe c te d  v e ry  lit tle  b y  th e  ig n itio n  no ise  in  sp a rk  ign ite d  

en g in es , o r  b y  o th e r  e le c tr ic a l n o ise  e n c o u n te re d  in  an  

en g in e  e n v iro n m e n t.

A n o th e r  p r in c ip a l o b je c t o f  th e  in v e n tio n  is to  p ro 

v id e  a n  a p p a ra tu s  fo r  m e a su rin g  th e  te m p e ra tu re  o f  a 

p is to n  in  a n  in te rn a l co m b u s tio n  en g in e  w h ic h  c a n  be  

in sta lle d  in  a n  e n g in e  w ith  v e ry  li tt le  c u sto m  f itt in g  o r  

e n g in e  m od ifica tion s.

A n o th e r  p rin c ip a l o b je c t o f  th e  in v e n tio n  is to  p ro 

v id e  a n  a p p a ra tu s  fo r  m easu rin g  th e  te m p e ra tu re  o f  a 

p is to n  in an  in te rn a l co m b u s tio n  en g in e  a t  h ig h  en g in e  

speeds.

O th e r  p r in c ip a l o b je c ts  a n d  a d v a n ta g e s  o f  th e  in v e n 

t io n  w ill b e c o m e  a p p a re n t to  th o se  skilled  in th e  a r t
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up on  re v ie w  o f  th e  fo llo w in g  d e ta ile d  d e sc rip tio n , 

c la im s and  d raw in g s.

B R IE F  D E S C R IP T IO N  O F  T H E  D R A W IN G S

F IG . 1 is a g e n e ra lly  sc h e m a tic  v ie w  o f  an eng ine  

c y lin d e r  e m b o d y in g  th e  p re se n t in v en tio n  p a rtia lly  b ro 

ken  a w a y  to  expo se  th e  p iston  and  c y lin d e r  in te rio r .

F IG . 2 is sec tio na l v ie w  th ro u g h  line  2— 2 in F IG . 1 

il lu stra tin g  th e  lo c a tio n  o f  th e  tra n s m itte r  a n d  th e  b a t 

te ry .

F IG . 3 is a  sc h e m a tic  signal f lo w  d ia g ra m  o f  th e  

in fra red  te le m e try  un it  o f  th e  p re se n t inv en tio n .

F IG . 4  is a  sch em a tic  o f  th e  tra n sm itte r .

F IG . 5 is a sch em a tic  o f  th e  re c e iv e r.

F IG . 6 is an en la rg e d , m o re  d e ta ile d  il lu stra tio n  o f  th e  

v o lta g e - to -freq u e n c y  c o n v e n e r  in c o m b in a tio n  w ith  a 

th e rm is to r.

F IG . 7 is an  en la rg e d , m o re  d e ta ile d  illu stra tio n  o f  th e  

f re q u e n c y -to -v o lta g e  c o n v e r te r  b u t w ith  a  th e rm o 

c o u p le  as th e  sensing  e lem en t.

B efo re  th e  fo llo w in g  em b o d im e n ts  o f  th e  in v en tio n  

a re  exp la ined  in de ta il, it is to  be  u n d e rs to o d  th a t th e  

in v en tio n  is n o t lim ite d  in its app lic a tio n  to  th e  d e ta ils  o f  

c o n s tru c tio n  and  th e  a rra n g e m e n t o f  c o m p o n e n ts  set 

fo r th  in th e  fo llo w in g  d e sc r ip tio n  o r  il lu s tra te d  in th e  

d ra w in g s. T h e  in v en tio n  is c ap ab le  o f  o th e r  e m b o d i 

m e n ts  and  o f  be in g  p ra c tic e d  o r  be in g  c a rr ie d  o u t in 

o th e r  app lic a tio ns . A lso , it is to  be  u n d e rs to o d  th a t th e  

p h ra se o lo g y  and  te rm in o lo g y  used  h e re in  is fo r  th e  

p u rp o se  o f  d e sc rip tio n  and  sh o u ld  n o t be  re g a rd e d  as 

lim iting.

D E S C R IP T IO N  O F  T H E  P R E F E R R E D  

E M B O D IM E N T

A p p a ra tu s  fo r m easu rin g  th e  te m p e ra tu re  o f  a p iston  

10 in side  a c y lin d e r  14 o f  an in te rn a l c o m b u stio n  en g in e  

is il lu stra te d  in th e  d raw in g s.

A n  in fra re d  tra n sm itte r  18 is m o u n te d  on and  o th e r 

w ise  o p e ra tiv e ly  a ssoc ia te d  w ith  a p iston  10 o f  an in te r 

na! co m b u stio n  eng ine . In ad d it io n  to  tr a n sm itte r  18, an 

in fra red  te le m e try  un it in c lu d es a, a se n so r 26, and  r e 

c e iv e r  50 e x te rna l o f  th e  c y lin d e r.

T h e  se nso r 26 is in th e  fo rm  o f  a th e rm is to r , o r  o th e r  

sensing  m eans su itab le  fo r  sensing  th e  te m p e ra tu re  o f  

th e  p is ton  10 such  as a th e rm o c o u p le . T h e  te m p e ra tu re  

o f  th e  p is to n  c ro w n  30 is th e  te m p e ra tu re  to  b e  sensed . 

T o  th a t en d , th e  th e rm is to r  is e m b e d d e d  in th e  p iston  to  

be  in flu en ced  d ire c tly  b y  th e  te m p e ra tu re , and  c h a n g e s 

in te m p e ra tu re , o f  th e  p is to n  d u rin g  en g in e  o p e ra tio n . 

A n y  o n e  o f  a n u m b e r o f  c o m m e rc ia lly  av a ila b le  th e rm 

is to rs  can  b e  used .

A s an  ex am ple , th e  m o u n tin g  o f  th e  th e rm is to r  26 to  

th e  p is to n  10 can  b e  p e rfo rm e d  b y  first p re p a r in g  th e  

th e rm is to r , in a  c o n v e n tio n a l m a n n er, to  b e  m o u n te d  in 

th e  p iston . T h e  th e rm is to r  h as a  p a r tic u la r  d ia m e te r  and  

a  b o re  is d ril le d  in th e  p is to n  su rface  34  to  ac c o m m o d a te  

th e  p re p a re d  th e rm is to r . T h is  b o re  ca n  b e  d rille d  in th e  

c e n te r  o f  th e  p is to n  c ro w n  (h o w e v e r  fo r  il lu stra tiv e  

p u rp o se s  it is sh o w n  o ff-c e n te r  in  th e  d ra w in g s )  o r  a t 

a n y  a re a  in th e  p is to n  w h e re  th e  te m p e ra tu re  is to  be  

m easu red . W h e n  th e  b o re  is in th e  p is to n  c ro w n , th e  

b o re  is a lso  p re fe ra b ly  d rille d  to  a  d e p th  su ch  th a t  th e  

th e rm is to r  is n e a r  th e  to p  o f  th e  p is to n  c ro w n  su rface . 

T h e  th e rm is to r  26  is th e n  epox ied , o r  o th e rw ise  su ita b ly  

a n c h o re d , to  th e  p is ton  b y  an  e p o xy  w h ic h  is c a p a b le  o f  

w ith s ta n d in g  te m p e ra tu re s  in th e  ra n g e  o f  100°-400° C . 

A n  exam p le  o f  suc h  an  e p o x y  is E P O -T E K  377 m a n u 

fa c tu re d  b y  E p o x y  T e c h n o lo g y  In c o rp o ra te d .

3
T h e  tra n sm itte r  18 re c e iv e s th e  e le c tr ic a l s ignal from  

th e  th e rm is to r  26 and  g e n e ra te s  an  in fra re d  signal re p re 

s e n ta tiv e  o f  te m p e ra tu re  based  on  th e  c u r re n t  th ro u g h  

th e  th e rm is to r . W ith  re fe re n c e  to  F IG S . 3, 5, and  6, 

tra n sm itte r  18 in c lu d es a c o n v e n tio n a l v o lta g e -to -fre-  

q u e n c y  c o n v e r te r  42 and  a m o n o sta b le  m u ltiv ib ra to r  38. 

T h e  v o lta g e - to -fre q u e n c y  c o n v e r te r  42 rece iv es th e  

signal from  th e  th e rm is to r  26 a n d  th e n  p ro d u c e s  a p o si 

t iv e  sq u a re  w a v e  42a w ith  a f re q u e n c y  re la te d  to  th e  

c u r re n t  th ro u g h  th e  th e rm is to r . T h e  sq u a re  w a v e  Ala is 

c o n v e r te d , b y  th e  m u ltiv ib ra to r  38, to  a  re c ta n g u la r  

w a v e  38c  h a v in g  re la tiv e ly  n a r ro w  d isc re te  p o rtio n s  43. 

M o re  p a r tic u la r ly , a tra in  o f  n a r ro w , d is c re te  re c ta n g u 

la r  w a v e  pu lse s is g e n e ra te d  (w a v e  38a) o f f  o f  th e  tr a i l 

ing  ed g es o f  th e  d isc re te  p o r tio n s  41 o f  w a v e  42a.

T h e  v o lta g e - to -fre q u e n c y  c o n v e r te r  42  is p re fe ra b ly  a 

m o n o li th ic  c h ip  c o n sistin g  o f  an  in pu t am plifie r , a p re c i 

sion  o sc illa to r  system , and  an a c c u ra te  in te rn a l r e fe r 

en c e  g e n e ra to r . A n  ex am ple  o f  su ch  a  v o lta g e -to -fre -  

q u e n c y  c o n v e r te r  is th e  c o m m e rc ia lly  a v a ila b le  A D  537 

so ld  by  A n a lo g  D ev ic es.

M o re  p a r tic u la r ly , th e  in p u t signal fro m  th e  th e rm is 

to r  is re c e iv e d  a t p in  1 (F IG . 6). It is p ro c e sse d  ag ainst 

th e  re fe re n c e  v o lta g e  a t p in 3 a n d  tra n sm itte d  as a 

sq u a re  w a v e  th ro u g h  p in  9. T h e  th e rm is to r  26  fu nc tio ns  

as a  v a r ia b le  re s is to r  a t p in  1, th e re b y  c h a n g in g  th e  

ca lib ra tio n  o f  th e  v o lta g e - to -fre q u e n c y  c o n v e r te r  as th e  

th e rm is to r  c h a n g e s  te m p e ra tu re .

In  F IG S . 4  and  7, an  a lte rn a tiv e  em b o d im en t u sing  a 

th e rm o c o u p le  27 in p la c e  o f  th e  th e rm is to r , to  p ro v id e  

th e  in pu t signal. E x c e p t fo r  th e  th e rm o c o u p le , th e  v o lt-  

a g e - to -fre q u e n c y  c o n v e r te r  is th e  sam e as th a t o f  F IG . 

6 .

T h e  tra n sm itte r  18 in c lu d e s an  in fra re d  d io d e  46 

w h ic h  re c e iv e s  th e  pu lse  signal from  th e  m o n o stab le  

m u ltiv ib ra to r  (P in  3) th ro u g h  d r iv e r  tr a n s is to r  29. T h e  

in fra re d  d io d e  g e n e ra te s  beam  25 (F IG . 1) fo r  o p tic a l 

tran sm iss io n  to  a re c e iv in g  u n it 50. In fra re d  lig h t w as 

c h o se n  to  tra n sm it  th e  signal to  th e  re c e iv in g  un it 50 

ra th e r  th a n  v isib le  lig h t b ecause  th e  tran sm iss io n  unit 

and  p h o to  d e te c to r  66 a re  in an  e n v iro n m e n t o f  h e a v y  

c o n c e n tra tio n s  o f  o il and  gas. T h is  w o u ld  m ak e  tra n s 

m ission  b y  v isib le  lig h t d if ficu lt d u e  to  th e  ab so rp tio n  

and  d isp e rs io n  o f  lig h t b y  th e  oil and  g as d ro p le ts , in fra 

re d  is g e n e ra lly  n o t so  a ffec ted .

T h e  in fra re d  d io d e  46 is p re fe ra b ly  a ga llium  a rse n id e  

lig h t em ittin g  d io d e  p o tte d  so lid ly  in  a c le a r  p la stic  case  

w ith  a c o n v e x  lens. T h e  len s se le c te d  p ro d u c e d  a 50%  

p o w e r  beam  a n g le  o f  16° to  m a in ta in  th e  h ig h  ra d ia n t 

in ten sitie s n e ed ed  to  p e n e tra te  th e  o p tic a lly  th ic k  a tm o 

sp h e re  o f  an en g in e  c ran k case .

T h e  tran sm iss io n  u n it a lso  in c lu d e s a  p o w e r  so u rc e  

fo r  th e  tra n sm itte r . T h is  p o w e r  so u rc e  54 m u st b e  ab le  

to  p ro v id e  a  m in im um  4.5 v o lts  to  th e  tra n s m itte r  and  

a lso  be  sm all en o u g h  and  lig h t e n o u g h  to  p e rm it in sta lla 

tio n  o n  th e  p isto n . A  su ita b le  p o w e r  so u rc e  is th e  c o m 

m e rc ia lly  a v a ila b le  li th iu m -th io n y l c h lo r id e  b a tte ry .

E v e n  th o u g h  th e  m o n o s ta b le  m u ltiv ib ra to r  is u se d , it 

is a lso  poss ib le  to  in c lu d e  m e an s 57 (F IG . 4 ) fo r  sw itc h 

in g  th e  b a tte r ie s  on  a n d  o f f  in  o rd e r  to  p re se rv e  th e  

b a tte ry  life. S w itc h  57 is c o n v e n tio n a l a n d  fo r  th a t  r e a 

so n  is sh o w n  sc h e m a tic a lly  a n d  n o t in  d e ta il.  I t  p re fe ra 

b ly  o p e ra te s  to  o p en  a n d  c lo se  a t a ro u n d  30°-60° C .

T h e  tra n s m itte r  18 is p re fe ra b ly  m o u n te d  o n  th e  in 

s ide  o f  th e  p iston  sk ir t as sh o w n  in F IG . 1. T h e  p o w e r  

so u rc e  54 a n d  th e  re m a in d e r  o f  th e  tran sm iss io n  un it  a re  

m o u n te d  se p a ra te ly  to  th e  in sid e  o f  th e  p is to n  sk irt 

(F IG . 2) as an  ex am ple . T h e  e n tire  tran sm iss io n  un it  is
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p o tte d  in a su ita b le  p o ttin g  co m p o u n d  and  fas tened  to  

th e  p iston.

T h e  in fra red  te le m e try  un it a lso  in c lu d es a re c e iv in g  

un it  50 lo ca te d  o u ts id e  o f  th e  eng ine . T h is  re c e iv in g  unit 

50 rece iv es th e  in fra re d  signal from  th e  tra n s m itte r  18 

and  c o n v e r ts  th is  signal to  an  e le c tr ic a l s ignal a t 75 

w h ic h  is re p re se n ta tiv e  o f  th e  te m p e ra tu re  o f  th e  p iston .

T h e  re ce iv in g  un it 50 com p rise s an  in fra re d  p h o to  

d e te c to r  66, a c o m p a ra to r  74, and  a c o n v e n tio n a l fre- 

q u e n c y -to -v o lta g e  c o n v e r te r  70. T h e  c o m p a ra to r  is an 

L M  393 a v a ila b le  c o m m e rc ia lly  fro m  se v e ra l m a n u fa c 

tu re rs  and  th e  f re q u e n c y -to -v o lta g e  c o n v e r te r  is an  A D  

650  ava ila b le  c o m m e rc ia lly  from  A n a lo g  D ev ices.

T h e  p h o to  d e te c to r  66  is m o u n te d  th ro u g h  a h o le  in 

th e  en g ine  b lo ck . T h e  p h o to  d e te c to r  66 m ust be ab le  to  

w ith s ta n d  th e  oil a n d  gas a tm o sp h e re  in w h ic h  it is 

s itu a te d  and  still b e  se n sitiv e  en o u g h  to  p ick  u p  th e  

signal from  th e  tra n sm itte r . T h e re fo re , th e  p h o to  d e te c 

to r  is p la ced  in  som e ty p e  o f  co n ta in in g  m eans, su ch  as 

a  m e ta l tube , b e fo re  it is m o u n te d  th ro u g h  th e  en g in e  

b lo ck . A  su ita b le , c o m m e rc ia lly  av a ila b le  p h o to  d e te c 

to r  is an  N P N  silicon  p h o to  tra n s is to r  m a n u fa c tu red  by  

T R W .

B efo re  th e  signal is sen t to  th e  f re q u e n c y -to -v o lta g e  

c o n v e r te r  70, th e  signal m ust be  am plifie d  b ecau se  th e  

signal from  th e  p h o to  d e te c to r  m ay  on ly  be  a  few  m illi 

v o lts  at c e r ta in  tim es. A  c o m p a ra to r  74  is u sed  to  c o n 

v e r t  th e  w eak  and  poss ib ly  no isy  signal from  th e  p h o to  

d e te c to r  to  a c lean  re c ta n g u la r  w av e . A  su itab le  c o m 

p a ra to r  is th e  L M  393.

T h e  ed g es o f  th e  pu lses p ro d u c e d  by  th e  c o m p a ra to r  

74 a re  used to  tr ig g e r  th e  f re q u e n c y -to -v o lta g e  c o n 

v e r te r  70 w h e re  th e  signal is c o n v e r te d  to  a  v o lta g e  

re p re se n ta tiv e  o f  th e  te m p e ra tu re  o f  th e  p is to n  w h e re  

th e  th e rm is to r  is lo c a te d . T h e  fre q u e n c y -to -v o lta g e  

c o n v e r te r  o u tp u t m ay  h a v e  a r ip p le  an d , if  n e cessa ry , a 

lo w -p ass f ilte r  c o u ld  be  used  to  re m o v e  th is  r ip p le  

(sh o w n  sc h m a tic a lly  in F IG . 3).

R e fe re n c e  w ill n o w  b e  m a d e  to  F IG . 3. T h e rm is to r  

26 senses th e  p is ton  te m p e ra tu re  and  p ro d u c e s  an  e le c 

tr ic a l s ignal h a v in g  a c u r re n t  c h a ra c te r is tic  il lu stra te d  

by  c u rv e  26a. T h is signal is p ro c e sse d  by  th e  v o lta g e -to - 

fre q u e n c y  c o n v e r te r  42  to  p ro d u c e  a sq u a re  w a v e  signal 

42a. S ignal 42a  exc ite s th e  m o n o stab le  m u ltiv ib ra to r  38 

to  c o n v e r t th e  sq u a re  w a v e  to  a re c ta n g u la r  w a v e  38a  

m a d e  up  o f  d is c re te  n a r ro w  pu lses 41. T h e se  pu lses tu rn  

th e  tr a n s is to r  29 on an d  o f f  ca u sin g  in fra re d  d io d e  46 to  

g e n e ra te  an  in fra re d  beam  25 h a v in g  th e  sam e fre 

q u e n c y  25a  as signal 38a. B eam  25 is re c e iv e d  a t  th e  

p h o to  d e te c to r  an d  exc ite s in fra re d  d e te c to r  66 c o n v e r t 

in g  th e  in fra re d  b eam  25 to  an  e le c tr ic a l s igna l 66a  h a v 

in g  th e  sam e fre q u e n c y  as signal 38a. S ignal 66a  is a m 

p lified  a t 74 p ro d u c in g  signa l 74a. In  f re q u e n c y -to -v o lt-  

a g e  c o n v e r te r  70  signal 74a  is c o n v e r te d  from  a  re c ta n 

g u la r  w a v e  to  th e  an a lo g  w a v e  fo rm  75a w h ic h  d u p li 

c a te s  th e  signal 26a  fro m  th e  th e rm is to r.

T h e  c o n v e rs io n  o f  th e  se n so r o u tp u t to  a n  in fra re d  

pu lse  tra in  fo r  o p tic a l tran sm iss io n  is p re fe r re d  becau se  

th is  ty p e  o f  signal:

a) is eas ily  d is tin gu ish ed  fro m  b a c k g ro u n d  in fra re d  

em issions;

b )  is n o t a ffec ted  by  en g in e  speed ;

c )  p e n e tra te s  o i l /fu e l  m ist in en g in e  c ran k case ; and

d )  is n o t a ffec ted  b y  e le c tr ic a l no ise .

V a rio u s  fe a tu re s o f  th e  in v en tio n  a re  se t fo r th  in  th e  

fo llo w in g  c la im s.

W e  c laim :

5
1. A p p a ra tu s  fo r  m o n ito r in g  a  p re se le c te d  co n d it io n  

o f  a m o v in g  m e m b e r in a  co n fin ed  a re a  co m p risin g , in 

c o m b in a tio n ,

sensing  m eans o p e ra tiv e ly  c o n n e c te d  to  sa id  m o v ing  

m em b e r fo r  sensing  th e  sa id  p re se le c te d  co n d it io n  

a n d  o p e ra tiv e  to  g e n e ra te  a first e le c tr ic a l s ignal 

c o rre sp o n d in g  to  th e  sensed  co n d it io n , 

tran sm iss ion  m ean s o p e ra tiv e ly  c o n n e c te d  to  said 

sensing  m ean s fo r  re c e iv in g  sa id  firs t e le c tr ic a l 

s ignal, fo r  c o n v e r tin g  sa id  first e le c tr ic a l s ignal to  

an  o p tic a l b eam , an d  fo r  tra n sm ittin g  sa id  o p tic a l 

be am  to  a  p o in t re m o te  fro m  sa id  m o v in g  m em b er, 

re c e iv in g  m eans se p a ra te  fro m  said m o v in g  m em be r 

fo r  re c e iv in g  sa id  o p tic a l be am  an d  o p e ra tiv e  to  

c o n v e r t  sa id  o p tic a l beam  in to  a  se c o n d  e le c tr ic a l 

s ignal c o rre sp o n d in g  to  th e  firs t e le c tr ic a l s ignal 

g e n e ra te d  b y  sa id  sensing  m eans, and  

sa id  re c e iv in g  m e an s in c lu d in g  a  p o r tio n  lo c a te d  in 

th e  a re a  o f  said m o v in g  m e m b e r  an d  a lso  in c lu d in g  

a  p o r tio n  re m o te  from  sa id  m o v in g  m em b e r and  

o p e ra tiv e ly  c o n n e c te d  to  sa id  sensing  m e an s in  th e  

a re a  o f  sa id  m o v in g  m em b e r fo r  c o n v e r tin g  sa id  

be am  in to  sa id  se co n d  e le c tr ic a l s ignal.

2. A p p a ra tu s  fo r  m o n ito r in g  th e  te m p e ra tu re  o f  a 

p is to n  in an  in te rn a l c o m b u stio n  en g in e  c o m p ris in g , in  

co m b in a tio n ,

m ean s fo r  sensing  th e  te m p e ra tu re  o f  th e  p is to n  and  

o p e ra tiv e  to  g e n e ra te  a  firs t e le c tr ic a l s ignal c o r r e 

sp o n d in g  to  th e  sensed  te m p e ra tu re , 

tran sm iss io n  m ean s o p e ra tiv e ly  c o n n e c te d  to  said 

sensing  m ean s fo r  re c e iv in g  sa id  first e le c tr ic a l 

s ignal, fo r  c o n v e r tin g  sa id  first e le c tr ic a l s ignal to  

an  o p tic a l beam , and  fo r  tr a n sm ittin g  sa id  beam  to  

a p o in t re m o te  from  sa id  p iston , 

re c e iv in g  m e an s se p a ra te  fro m  sa id  p is ton  fo r  re c e iv 

ing  sa id  b eam  a n d  o p e ra tiv e  to  c o n v e r t  sa id  beam  

in to  a  se c o n d  e le c tr ic a l s ignal c o rre sp o n d in g  to  th e  

first e le c tr ic a l s ignal g e n e ra te d  b y  sa id  sensing  

m eans, and

said  re c e iv in g  m e an s in c lu d in g  a p o r tio n  lo c a te d  

w ith in  th e  c y lin d e r  w h ic h  h o uses sa id  p is to n  fo r 

re c e iv in g  sa id  beam  an d  a lso  in c lu d in g  a  p o r tio n  

ex te rn a l o f  th e  c y lin d e r  o p e ra tiv e ly  c o n n e c te d  to  

th e  p o r tio n  o f  sa id  sensing  m eans w ith in  said c y lin 

d e r  fo r  c o n v e r tin g  sa id  beam  in to  sa id  se c o n d  e le c 

t r ic a l s ignal.

3. T h e  a p p a ra tu s  o f  c la im  2 w h e re in  sa id  beam  c o n 

v e r te d  fro m  sa id  first e le c tr ic a l s igna l b y  sa id  tran sm is 

s ion  m e an s is a n  in fra re d  be am  a n d  sa id  re c e iv in g  m eans 

is o p e ra tiv e  to  c o n v e r t  sa id  in fra re d  b eam  to  sa id  seco nd  

e le c tr ic a l s ignal.

4. T h e  a p p a ra tu s  o f  c la im  3  w h e re in  sa id  transm iss ion  

m e an s is o p e ra tiv e  in  c o n v e r t in g  sa id  firs t e le c tr ic a l 

s igna l to  sa id  in fra re d  b eam  to  g e n e ra te  sa id  in fra red  

be am  in a  re c ta n g u la r  w a v e  fo rm .

5. T h e  a p p a ra tu s  o f  c la im  4  w h e re in  sa id  transm iss ion  

m ean s is o p e ra tiv e  to  c o n v e r t  sa id  first e le c tr ic a l s ignal 

as w e ll  as sa id  in fra re d  beam  to  a  re c ta n g u la r  w a v e  

fo rm .

6. T h e  a p p a ra tu s  o f  c la im  4  w h e re in  sa id  tran sm ission  

m e an s in c lu d e s in fra re d  d e te c tin g  m ean s o p e ra tiv e  in 

re sp o n se  to  im p in g em en t th e re o n  o f  an  in fra re d  beam  to  

g e n e ra te  sa id  se c o n d  e le c tr ic a l s ignal, a n d  in c lu d in g  

m e an s su p p o rtin g  sa id  in fra re d  d e te c tin g  m e an s w ith in  

sa id  c y lin d e r  and  ex te n d in g  th ro u g h  sa id  c y lin d e r  w a ll 

to  sa id  re c e iv in g  m ean s fo r  tr a n sm ittin g  th e  seco nd  

e le c tr ic a l s igna l g e n e ra te d  b y  sa id  in fra re d  d e te c tin g  

m ean s to  sa id  re c e iv in g  m e an s ex te rn a l o f  sa id  cy lin de r.
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7. A p p a ra tu s  fo r m o n ito r in g  th e  te m p e ra tu re  o f  a 

p iston  in an in te rn a l c o m b u stio n  eng ine , said p iston  

ha v in g  a c ro w n  and  a -skirt and  being  p o sitio n ed  in a 

cy lin d e r, sa id  a p p a ra tu s  co m p ris in g , in c o m b in a tio n ,

a te m p e ra tu re  se n so r ex po sed  to  th e  te m p e ra tu re  o f  

said p is ton  c ro w n  and  o p e ra tiv e  to  g e n e ra te  an 

e le c tr ic a l s ignal w h ic h  is re p re se n ta tiv e  o f  th e  

sensed  te m p e ra tu re ,

a  tr a n sm itte r  a tta c h e d  to  th e  in n e r w a ll o f  sa id  sk irt 

and  e le c tr ic a lly  c o n n e c te d  to  sa id  sen so r, said 

tr a n sm itte r  in c lu d in g  a v o lta g e - to -fre q u e n c y  c o n 

v e r te r  re c e iv in g  said signal and  c o n n e c te d  to  an 

in fra re d  g e n e ra to r , sa id  c o n v e r te r  c o n v e r tin g  sa id  

signal to  a  re c ta n g u la r  w a v e  fo rm , sa id  in fra re d  

g e n e ra to r  re c e iv in g  sa id  c o n v e r te d  re c ta n g u la r  

w a v e  fo rm  signal and  g e n e ra tin g  an in fra re d  beam  

h a v in g  a sq u a re  w a v e  fo rm  th e  f re q u e n c y  o f  w h ic h  

c o rre sp o n d s  to  th e  f re q u e n c y  o f  sa id  c o n v e r te d  

e le c tr ic a l s ignal,

in fra re d  d e te c to r  m e an s se p a ra te  from  sa id  p is to n  and  

po sitio n ed  in th e  p a th  o f  sa id  in fra re d  beam  fo r 

re c e ip t th e re o f  and  g e n e ra tin g  a se co n d  e le c tr ic a l 

s ignal re sp o n siv e  to  sa id  in fra re d  beam , and

m eans o p e ra tiv e ly  c o n n e c te d  to  said in fra re d  d e te c to r  

m eans in c lu d in g  f re q u e n c y -to -v o lta g e  co n v e rs io n  

m eans o p e ra tiv e  to  c o n v e r t  th e  w a v e  fo rm  in fra red  

beam  to  a signal h a v in g  a w a v e  fo rm  re p re se n tin g  

th e  w a v e  fo rm  o f  th e  signal g e n e ra te d  by  te m p e ra 

tu re  senso r.

8. T h e  a p p a ra tu s  o f  c la im  7 w h e re in  sa id  in fra red  

d e te c to r  m e an s is lo c a te d  w ith in  sa id  c y lin d e r  in th e  

p a th  o f  sa id  beam  an d  sa id  a p p a ra tu s  in c lu d es m eans 

ex te n d in g  th ro u g h  th e  w alls  o f  sa id  c y lin d e r  to  said 

f re q u e n c y -to -v o lta g e  c o n v e rs io n  m eans fo r  tra n sm ittin g  

th e  e le c tr ic a l s ignal g e n e ra te d  by  sa id  in fra re d  d e te c to r  

to  said f re q u e n c y -to -v o lta g e  c o n v e rs io n  m eans.

9. A p p a ra tu s  fo r m easu rin g  th e  te m p e ra tu re  o f  a p is 

to n  in an  in te rn a l co m b u stio n  en g in e  com prising :

sensing  m e an s fo r sensing  th e  te m p e ra tu re  o f  a p iston , 

sa id  m eans be in g  m o u n te d  on  th e  p iston ;

m ean s o p e ra tiv e ly  c o n n e c te d  to  sa id  sensing  m eans 

and  re sp o n siv e  to  said sensed  p is to n  te m p e ra tu re

7
fo r  tra n sm ittin g  an in fra re d  signa l re p re se n ta tiv e  o f  

te m p e ra tu re  o f  said p iston  as sensed  by  sa id  sensing 

m eans; and

m e an s fo r re c e iv in g  sa id  in fra re d  signal and  c o n v e r t 

ing  sa id  signal to  an  e le c tr ic a l s igna l re p re se n ta tiv e  

o f  sa id  p is to n  te m p e ra tu re .

10. T h e  a p p a ra tu s  o f  c la im  9 w h e re in  sa id  sensing 

m ean s is a  th e rm is to r.

11. T h e  a p p a ra tu s  o f  c la im  9 w h e re in  sa id  sensing 

m ean s is a th e rm o c o u p le .

12. T h e  a p p a ra tu s  o f  c la im  9 w h e re in  sa id  tra n sm it 

t in g  m e an s is m o u n te d  on  th e  in side  o f  th e  p is ton  sk irt.

13. T h e  a p p a ra tu s  o f  c la im  9 w h e re in  sa id  tra n sm it 

tin g  m eans in c lu d es a v o lta g e - to -fre q u e n c y  c o n v e rte r .

14. T h e  a p p a ra tu s  o f  c la im  13 w h e re in  sa id  tra n sm it 

t in g  m e an s fu r th e r  in c lu d e s an  in fra re d  lig h t em ittin g  

d io de .

15. T h e  a p p a ra tu s  o f  c la im  14 w h e re in  sa id  tra n sm it 

t in g  m e an s fu r th e r  in c lu d e s a  p o w e r  so u rce .

16. T h e  a p p a ra tu s  o f  c la im  15 w h e re in  sa id  p o w e r  

so u rc e  is a li th iu m -th io n y l c h lo r id e  b a tte ry .

17. T h e  a p p a ra tu s  o f  c la im  15 w h ic h  fu r th e r  in c lu d es 

a  th e rm a l sw itc h  fo r a c tiv a tin g  a n d  d e a c tiv a tin g  said 

p o w e r  so u rce .

18. T h e  a p p a ra tu s  o f  c la im  9 w h e re in  sa id  re c e iv in g  

m e an s is lo c a te d  o u ts id e  o f  th e  eng ine .

19. T h e  a p p a ra tu s  o f  c la im  9 w h e re in  sa id  re c e iv in g  

m eans fu r th e r  co m p rise s an  in fra re d  p h o to  d e te c to r .

20. T h e  a p p a ra tu s  o f  c la im  19 w h e re  sa id  re c e iv in g  

m e an s in c lu d e s a f re q u e n c y -to -v o lta g e  c o n v e r te r .

21. A  m e th o d  o f  m easu ring  th e  te m p e ra tu re  o f  a  p is 

to n  o f  an  in te rn a l c o m b u stio n  en g in e  c o m p ris in g  th e  

ste ps of:

sensing  th e  te m p e ra tu re  o f  th e  p is ton  and  p ro d u c in g  

an e le c tr ic a l s ignal c o rre sp o n d in g  to  th is  te m p e ra 

tu re ;

c o n v e r tin g  th e  e le c tr ic a l s ignal to  a fre q u e n c y  in fra 

re d  beam ; and

tra n sm ittin g  th e  in fra re d  beam  to  a  re c e iv in g  un it 

w h e re  it is r e c o n v e r te d  to  a  v o lta g e  re p re se n ta tiv e  

o f  th e  te m p e ra tu re  o f  th e  p iston .
* * * * *
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