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©  Explosive  gas  detector. 

A  miner's  cap  lamp  operates  in  conjunction  with  a  gas 
detector  which  is  connected  to  the  cap  lamp  battery  and  is 
exposed  to  gas  directly  around  the  gas  detector,  which  is 
normally  mounted  on  or  nearby  the  miner's  helmet  (22).  The 
detector  is  electrically  connected  to  the  lamp  itself  so  that 
when  a  dangerous  gas  concentration  is  sensed,  the  lamp  is 
caused  to  flash  to  provide  a  warning  signal  to  the  miner.  The 
gas  detector's  sensing  head  and  other  heat-sensitive  compo- 
nents  are  mounted  in  a  casing  (5)  that  is  separate  from  the 
lamp  housing  (1)  and  are  therefore  protected  from  heat 
generated  by  the  lamp. 



FIELD  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to   a  d e t e c t o r   f o r   e x p l o s i v e   g a s e s ,  

p a r t i c u l a r l y   f o r   d e t e c t i n g   t h e   p r e s e n c e   of  m e t h a n e   a n d / o r   c a r b o n  

m o n o x i d e   in  u n d e r g r o u n d   m i n e s .  

BACKGROUND  TO  THE  INVENTION 

Many  d i f f e r e n t   gas   d e t e c t o r s   f o r   u s e   in   u n d e r g r o u n d   m i n e s   a r e  

a l r e a d y   known.   Some  of  t h e s e   d e t e c t o r s   a r e   u n i t s   w h i c h   h a v e   t o  

be  c a r r i e d ,   r a t h e r   t h a n   b e i n g   worn   on  t h e   p e r s o n .   T h e y  

t h e r e f o r e   h a v e   t h e   d i s a d v a n t a g e   t h a t   t h e y   can   be  pu t   down  a n d  

f o r g o t t e n   and  t h a t   i n e v i t a b l y   t h e y   a r e   no t   c a r r i e d   by  t h e i r  

o w n e r   a l l   t h e   t i m e .   T h e r e   a r e   t h u s   t i m e s   when  t h e   owner   of  t h e  

d e v i c e   i s   no t   in  a  p o s i t i o n   t o   be  g i v e n   a  w a r n i n g   of  t h e  

p r e s e n c e   of  e x p l o s i v e   g a s .   I t   i s   of  c o u r s e   a l s o   i n c o n v e n i e n t   t o  

h a v e   to   c a r r y   an  e x t r a   i t e m   of  e q u i p m e n t .  

T h e r e   a re   a l s o   e l e c t r o n i c a l l y - o p e r a t i n g   d e t e c t o r s   w h i c h   a r e   w o r n  

on  t h e   b o d y ,   g e n e r a l l y   r e q u i r i n g   a  pump  to   pump  t h e ' a t m o s p h e r e  

to   be  s e n s e d   a c r o s s   a  d e t e c t o r   e l e m e n t .   The  use   of  a  pump  i s   a n  

u n d e s i r a b l e   d r a i n   on  b a t t e r y   p o w e r .  

I t   i s   known  f rom  U n i t e d   S t a t e s   p a t e n t   4 , 2 6 3 , 5 8 8   to   p r o v i d e   a  

m i n e r ' s   h e l m e t   w i t h   a  lamp  w h i c h   i n c o r p o r a t e s   a  d e t e c t o r   f o r  

s i g n a l l i n g   t h e   p r e s e n c e   of  d a n g e r o u s   g a s e s .   The  lamp  a n d  

d e t e c t o r   a r e   d e s c r i b e d   as  b e i n g   in   some  c a s e s   i n t e g r a l   w i t h   t h e  

h e l m e t ,   or  t h e   lamp  h o u s i n g   ( i n c l u d i n g   a  c o m p a r t m e n t   in  w h i c h  



t h e   e l e c t r o n i c   c i r c u i t r y   f o r   t h e   d e t e c t i n g   a n d ' s i g n a l l i n g  

m e c h a n i s m s   a r e   c o n t a i n e d )   may  be  r e m o v a b l e   f r o m   t h e   h e l m e t .   I n  

e i t h e r   c a s e   t h e   d e t e c t o r   and  t h e   l amp  a r e   c o n t a i n e d   in  a  common 

h o u s i n g .   They   d r a w   p o w e r   f r o m   a  b a t t e r y   t o   w h i c h   t h e y   a r e  

c o n n e c t e d   by  a  c a b l e .  

T h i s   a r r a n g e m e n t   h a s   t h e   a d v a n t a g e   t h a t   t h e   d e t e c t o r   i s   d i s p o s e d  

r e l a t i v e l y   h i g h   on  t h e   m i n e r ' s   b o d y ,   and  no  pump  i s   n e e d e d   t o  

b r i n g   t h e   a t m o s p h e r e   to   t h e   d e t e c t o r   f o r   t e s t i n g .   S i n c e   t h e  

c h i e f   d a n g e r o u s   g a s e s   a r e   l i g h t   and  t e n d   t o   c o l l e c t   at   t he   t o p  

of  t h e   m i n e   e x c a v a t i o n ,   i t   i s   p a r t i c u l a r l y   s u i t a b l e   f o r   t h e  

d e t e c t o r   t o   be  m o u n t e d   a t   t h e   l e v e l   of  t h e   m i n e r ' s   h e a d .  

H o w e v e r   t h e   a r r a n g e m e n t   d e s c r i b e d   in   U n i t e d   S t a t e s   p a t e n t  

4 , 2 6 3 , 5 8 8   h a s   t h e   s u b s t a n t i a l   d r a w b a c k   t h a t   t h e   d e t e c t o r   and  t h e  

lamp  a r e   u n i t a r y .   S i n c e   t h e   t e m p e r a t u r e   of  t h e   f i l a m e n t s   in  a  

m o d e r n   m i n e r ' s   c ap   lamp  may  e x c e e d   1 0 0 0 ° C ,   and  t h e   t e m p e r a t u r e  

in  t h e   s p a c e   b e t w e e n   t h e   g l o b e s   and  t h e   r e f l e c t o r   e x c e e d s   1 0 0 ° C ,  

t h e   h e a t   b u i l d - u p   i s   c o n s i d e r a b l e ,   and  h e a t - s e n s i t i v e   c o m p o n e n t s  

of  t h e   d e t e c t o r   in  t h e   common  h o u s i n g   t e n d   t o   be  d a m a g e d ,  

p a r t i c u l a r l y   as  t h e   d e t e c t o r   i t s e l f   g e n e r a t e s   h e a t .   F u r t h e r ,  

e x i s t i n g   l a m p s   c a n n o t   be  f i t t e d   w i t h   a  d e t e c t o r   as  and  w h e n  

r e q u i r e d .   A l s o ,   t h e   d e t e c t o r ,   w h i c h   i s   r e l a t i v e l y   c o m p l e x   a n d  

d e l i c a t e   in  c o m p a r i s o n   w i t h   t h e   l amp  ( a p a r t   f r o m   t h e   l a m p  

g l o b e s )   c a n n o t   be  r e p l a c e d   i n d e p e n d e n t l y   of  t h e   l amp   s h o u l d   t h e  

d e t e c t o r   f a i l .   The  common  h o u s i n g   a l s o   t e n d s   t o   l i m i t   t h e   s i z e  

of  t h e   f i l t e r   ( u s u a l l y   a  s i n t e r e d   d i s c )   u s e d   a t   t h e   a i r   i n l e t   t o  

t h e   d e t e c t o r .   As  t h i s   d i s c   may  e a s i l y   c l o g   i t   s h o u l d   be  made  a s  

l a r g e   as  p o s s i b l e .  

An  o b j e c t   o f   t h e   i n v e n t i o n   i s   t o   p r o v i d e   a  m i n e r ' s   cap   l a m p  

a r r a n g e m e n t   in   w h i c h   t h e s e   d i s a d v a n t a g e s   a r e   o v e r c o m e   or  a t  

l e a s t   m i t i g a t e d .  



SUMMARY  OF  THE  INVENTION 

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a n  

e l e c t r i c a l l y   o p e r a t e d   e x p l o s i v e   gas   d e t e c t o r   f o r   u s e   i n  

c o n j u n c t i o n   w i t h   a  m i n e r ' s   cap   lamp  u n i t   w h i c h   i n c l u d e s   a  l a m p  

h o u s i n g ,   t h e   d e t e c t o r   b e i n g   a d a p t e d   to   draw  p o w e r   f r o m   a  b a t t e r y  

of  t h e   u n i t   and   h a v i n g   a  s e n s i n g   h e a d   w h i c h   o b t a i n s   a  s a m p l e   o f  

a t m o s p h e r e   t o   be  s e n s e d   d i r e c t l y   f r o m   t h e   a t m o s p h e r e   s u r r o u n d i n g  

t h e   s e n s i n g   h e a d   i t s e l f ,   c h a r a c t e r i s e d   in  t h a t   t h e   s e n s i n g   h e a d  

and  i t s   a s s o c i a t e d   h e a t - s e n s i t i v e   c o m p o n e n t s   a r e   m o u n t e d   in  a  

c a s i n g   s e p a r a t e   f r o m   t h e   lamp  h o u s i n g .  

The  c a s i n g   f o r   t h e   s e n s i n g   h e a d   and  i t s   a s s o c i a t e d   h e a t -  

s e n s i t i v e   c o m p o n e n t s   may  c o n v e n i e n t l y   be  f i x e d   t o   t h e   l a m p  

h o u s i n g   d i r e c t l y   or   t h r o u g h   b r a c k e t s   or  t h e   l i k e   w h i c h   s p a c e  
t h i s   c a s i n g   away  f r o m   t h e   l a m p ,   or  t h e   c a s i n g   may  be  m o u n t e d   o n  

a  c a b l e   c o n n e c t i n g   t h e   cap   lamp  to   t h e   b a t t e r y .  

The  s e n s i n g   h e a d   p r e f e r a b l y   w o r k s   on  t h e   d i f f u s i o n   p r i n c i p l e .  

The  i n v e n t i o n   a l s o   p r o v i d e s   a  m i n e r ' s   cap   lamp  u n i t   i n c l u d i n g   a 

b a t t e r y   and  h a v i n g   an  e l e c t r i c a l l y   o p e r a t e d   gas   d e t e c t o r  

c o n n e c t e d   to   t h e   b a t t e r y   of  t h e   u n i t   and  h a v i n g   a  s e n s i n g   h e a d  

w h i c h   o b t a i n s   a  s a m p l e   of  a t m o s p h e r e   t o   be  s e n s e d   d i r e c t l y   f r o m  

t h e   a t m o s p h e r e   s u r r o u n d i n g   t h e   cap   i t s e l f ,   t h e   l amp  h a v i n g   a  

s w i t c h   w i r e d   t o g e t h e r   w i t h   t h e   d e t e c t o r   so  t h a t   when  t h e   s w i t c h  

is   t u r n e d   on  t h e   l amp  w i l l   o n l y   b e g i n   to   o p e r a t e   c o r r e c t l y   i f  

t h e   d e t e c t o r   i s   in   a  w o r k i n g   c o n d i t i o n .  

For   e x a m p l e ,   t h e   c i r c u i t r y   may  be  a r r a n g e d   so  t h a t   when  t h e   l a m p  

i s   f i r s t   s w i t c h e d   on  and  t h e   d e t e c t o r   i s   in  a  w o r k i n g   c o n d i t i o n ,  

t h e   lamp  l i g h t   f i r s t   comes   on  and  t h e n   f l i c k e r s   f o r   a  s h o r t  

p e r i o d   to  i n d i c a t e   t h a t   t h e   d e t e c t o r   i s   in  an  o p e r a t i v e  

c o n d i t i o n ,   b e f o r e   t h e   l i g h t   b e c o m e s   s t e a d y .   I f   t h e   d e t e c t o r   i s  

no t   in  a  w o r k i n g   c o n d i t i o n ,   t h e   l i g h t   w i l l   no t   f l i c k e r .  



A l s o ,   when  an  e x p l o s i v e   gas   i s   d e t e c t e d   t h e   lamp  p r e f e r a b l y  

f l i c k e r s   so  as  t o   p r o v i d e   a  c l e a r   i n d i c a t i o n   of  t h e   p r e s e n c e   o f  

an  e x p l o s i v e   g a s   w h i l s t   s t i l l   r e t a i n i n g   s u f f i c i e n t   i l l u m i n a t i o n  

f o r   t h e   w e a r e r   t o   s e e   h i s   way  away  f r o m   t h e   l o c a t i o n   of  t h e   g a s .  

The  d e t e c t o r   c a s i n g   may  be  m o u n t e d   on  t h e   s i d e   or   t h e   t o p   of  t h e  

cap   lamp  or  as  m e n t i o n e d   e a r l i e r ,   on  t h e   c a b l e   l e a d i n g   f r o m   t h e  

b a t t e r y   to   t h e   l amp  and  p r e f e r a b l y   n e a r   t h e   l a m p ,   b e t w e e n   t h e  

lamp  h o u s i n g   and  a  c l i p   w h i c h   i s   u s u a l l y   p r o v i d e d   on  t h e   s i d e   o f  

t h e   cap   to   g u i d e   t h e   c a b l e   away  f r o m   t h e   f r o n t   of  t h e   c a p .   I n  

any  e v e n t   t h e   d e t e c t o r   may  be  i n c l u d e d   in   n e w l y   c o n s t r u c t e d   c a p  

l a m p s ,   or  may  be  f i t t e d   to   e x i s t i n g   l a m p s .  

Cap  l a m p s   a r e   u s u a l l y   h e l d   on  to   t h e   h e l m e t   by  a  r e l e a s a b l e  

f a s t e n i n g ,   so  t h a t   t h e   lamp  o n  t h e   end   of  i t s   c a b l e   can   b e  

r e m o v e d .   T h i s   f a c i l i t y   makes   i t   p o s s i b l e   t o   move  t h e   g a s  

d e t e c t o r   a b o u t   to   d i s c o v e r   w h e r e   t h e   e x p l o s i v e   g a s e s   a r e .   F o r  

e x a m p l e ,   i f   t h e   c a b l e   i s   l o n g   e n o u g h ,   t h e   lamp  w i t h   t h e   d e t e c t o r  

can   be  r a i s e d   at   a r m ' s   l e n g t h   t o   s e e   i f   t h e r e   i s   a  d a n g e r o u s  

c o n c e n t r a t i o n   of  g a s e s   a t   t h e   l e v e l   of  t h e   h a n g i n g   w a l l .  

S i m i l a r l y ,   t h e   l amp  on  t h e   end  of  i t s   l e a d   c o u l d   be  l o w e r e d   i n t o  

a  t a n k   to   t e s t   f o r   e x p l o s i v e   g a s e s .  

F u r t h e r m o r e ,   t h e   p o s i t i o n i n g   of  t h e   d e t e c t o r   a t   h e a d   l e v e l   i s  

d e s i r a b l e   b e c a u s e   e x p l o s i v e   g a s e s   in  g e n e r a l   and  m e t h a n e   a n d  

c a r b o n   m o n o x i d e   in  p a r t i c u l a r   a r e   b o t h   l i g h t e r   t h a n   a i r   and  w i l l  

c o l l e c t   at   t h e   t o p   of  a  mine   e x c a v a t i o n .  

The  s e n s i n g   h e a d   i s   p r e f e r a b l y   of  t h e   g a s - s e n s i t i v e   s e m i -  

c o n d u c t o r   t y p e   and   i n c o r p o r a t e s   a  s t a i n l e s s   s t e e l   f l a s h b a c k  

a r r e s t o r   and  a  s i n t e r e d   f i l t e r   d i s c   w h i c h   may  f o r   e x a m p l e   be  o f  

s t a i n l e s s   s t e e l ,   c o p p e r   or  b r a s s .   The  e l e c t r o n i c   c i r c u i t r y   c a n  

s u i t a b l y   be  p r o v i d e d   in  m i c r o s h i p   f o r m   a r r a n g e d   t o   o p e r a t e   a n  

e l e c t r o - m e c h a n i c a l   r e l a y   w h i c h   s w i t c h e s   t h e   l i g h t   on  and   o f f  

t h r o u g h   an  o s c i l l a t o r .   The  c i r c u i t r y   and  r e l a y   and   o t h e r   h e a t  

s e n s i t i v e   c o m p o n e n t s   a r e   e n c l o s e d   in   t h e   c a s i n g ,   w h i c h   may  be  a  

m o u l d e d   p l a s t i c s   b o d y   s e a l e d   by  s h o c k - r e s i s t a n t   s i l i c o n   r u b b e r .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  i n v e n t i o n   w i l l   now  be  f u r t h e r   d e s c r i b e d ,   by  way  of  e x a m p l e ,  

w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g u r e   1  i s   a  p e r s p e c t i v e   v i e w   of  a  m i n e r ' s   h e l m e t   f i t t e d   w i t h   a  

cap   lamp  and  gas   d e t e c t o r   a c c o r d i n g   to   t h e   i n v e n t i o n ;  

F i g u r e   2  i s   a  d i a g r a m m a t i c   v i e w   of  t h e   e l e c t r o n i c   c o m p o n e n t s   i n  

t h e   s e n s i n g   h e a d   of  t h e   gas   d e t e c t o r   of  F i g u r e   1 ;  

F i g u r e   3  i s   a  s c h e m a t i c   c i r c u i t   d i a g r a m   of  t h e   gas   d e t e c t o r   o f  

F i g u r e   1 ;  

F i g u r e   4  i s   an  e x p l o d e d   p e r s p e c t i v e   v i e w   of  t h e   lamp  and  g a s  

d e t e c t o r   of  F i g u r e   1 ;  

F i g u r e   5  i s   a  c r o s s - s e c t i o n a l   v i e w   t h r o u g h   t h e   lamp  and  g a s  

d e t e c t o r   of  F i g u r e   1,  t a k e n   on  t h e   l i n e   V-V  in  F i g u r e   1 ;  

F i g u r e   6  i s   a  p e r s p e c t i v e   v i e w   of   an  a l t e r n a t i v e   cap   lamp  a n d  

gas   d e t e c t o r   f o r   m o u n t i n g   on  a  m i n e r ' s   h e l m e t   of  t h e   t y p e   s e e n  

in  F i g u r e   1;  a n d  

F i g u r e   7  i s   a  p l a n   v i e w   of  a  m i n e r ' s   h e l m e t   f i t t e d   w i t h   a  

f u r t h e r   a l t e r n a t i v e   a r r a n g e m e n t   of   a  cap   lamp  and  gas   d e t e c t o r .  

DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

The  lamp  h o u s i n g   1  f i t t e d   on  a  h e l m e t   22  in  F i g u r e   1  can   be  o f  

any  s u i t a b l e   t y p e ,   w i t h   an  o n / o f f   s w i t c h   2  in   a  c i r c u i t   b e t w e e n  

a  b a t t e r y   14  and  a  b u l b   3.  The  lamp  h o u s i n g   1  i s   c o n n e c t e d   t o  

t h e   b a t t e r y   14  by  means   of  a  c a b l e   4.  As  i s   k n o w n ,   o p e r a t i o n   o f  

t h e   s w i t c h   2  c a u s e s   t h e   lamp  t o   l i g h t .  



A  gas   d e t e c t o r   c a s i n g   5  i s   f i x e d   t o   t h e   t o p   of  t h e   lamp  h o u s i n g  

1.  The  d e t e c t o r   c a s i n g   5  c o n t a i n s   a  s e n s i n g   h e a d   6  m o u n t e d   t o  

one  s i d e   of  t h e   c a s i n g   5,  and   i t   i s   t h i s   s e n s i n g   h e a d   w h i c h  

p i c k s   up  t h e   p r e s e n c e   of  e x p l o s i v e   g a s e s .  

The  gas   d e t e c t o r   i s   c o n n e c t e d   i n t o   a  c i r c u i t   ( F i g u r e   3)  w h i c h  

i n c l u d e s   t h e   b a t t e r y   14,  t h e   b u l b   3  and   t h e   s w i t c h   2  by  means   o f  

w i r i n g   w h i c h   p a s s e s   f r o m   t h e   c a s i n g   5  d i r e c t l y   i n t o   t h e   l a m p  

h o u s i n g   1 .  

The  s e n s i n g   h e a d   6  i s   a  g a s - s e n s i t i v e   s e m i - c o n d u c t o r   s e n s o r  

b a s e d   on  n - t y p e   s i n t e r e d   S n 0 2 .   When  c o m b u s t i b l e   or  r e d u c i n g  

g a s e s   a r e   a d s o r b e d   on  t h e   s e n s o r   s u r f a c e ,   a  m a r k e d   d e c r e a s e   o f  

e l e c t r i c a l   r e s i s t a n c e   a c r o s s   t h e   s e n s o r   o c c u r s .   The  e l e c t r i c a l  

c i r c u i t   of  t h e   s e n s o r   i s   shown  in  F i g u r e   2,  and  t h i s   i n c l u d e s   a  

h e a t e r   c o i l   7  w h i c h   r a i s e s   t h e   t e m p e r a t u r e   of  t h e   s e n s o r   8  a b o v e  

a m b i e n t   t e m p e r a t u r e ,   to   b r i n g   i t   i n t o   o p e r a t i o n .   The  t w o  

t e r m i n a l s   a t t a c h e d   t o   e a c h   s i d e   of  t h e   s e m i - c o n d u c t o r   8  a r e  

c o n n e c t e d   i n t e r n a l l y   of  t h e   s e n s o r   u n i t ,   and  t h e   s e n s o r   u n i t   i s  

t h e n   c o n n e c t e d   i n t o   an  e l e c t r i c a l   c i r c u i t   by  means   of  t h e  

c o n n e c t i o n s   9  and  10,  so  t h a t   t h e   c i r c u i t   r e a c t s   to   c h a n g e s   i n  

t h e   r e s i s t a n c e   of  t h e   s e m i - c o n d u c t o r   8  b e t w e e n   t h e   c o n n e c t i o n s   9 

and  10.   The  s e n s i n g   h e a d   6  i n c l u d e s   a  s t a i n l e s s   s t e e l   m e s h  

f l a s h b a c k   a r r e s t o r   ( n o t   v i s i b l e   in  t h e   d r a w i n g s ) ,   and  a  s i n t e r e d  

f i l t e r   d i s c   11  s e t   in  an  a p e r t u r e   in   t h e   c a s i n g   5 .  

The  e l e c t r i c a l   c i r c u i t   a s s o c i a t e d   w i t h   t h e   s e n s i n g   h e a d   i s   i n  

m i c r o c h i p   f o rm  and  o p e r a t e s   a  n o r m a l l y   c l o s e d   e l e c t r o m e c h a n i c a l  

r e l a y   16  t h e   c i r c u i t   i n c l u d e s   an  o s c i l l a t o r   c o m p a r a t o r   18  and  i s  

i n c o r p o r a t e d   in   t h e   c i r c u i t   s u p p l y i n g   t h e   b u l b   3.  The  f u n c t i o n  

of  t h e   c i r c u i t   i s   as  f o l l o w s :  

When  t h e   s w i t c h   2  i s   i n i t i a l l y   o p e r a t e d ,   t h e   b u l b   3  l i g h t s   u p  
and  a t   t h e   same  t i m e   c u r r e n t   i s   f e d   t o  t h e   h e a t i n g   c o i l   7  ( n o t  

shown  in  F i g u r e   3 ) .   U n t i l   t h e   s e m i - c o n d u c t o r   8  r e a c h e s   i t s  

o p e r a t i n g   t e m p e r a t u r e   i t s   r e s i s t a n c e   i s   b e l o w   a  p r e d e t e r m i n e d  
v a l u e   so  t h a t   t h e   o s c i l l a t o r   c o m p a r a t o r   18  in  t h e   e l e c t r i c a l  

c i r c u i t   c a u s e s   t h e   l i g h t   to   f l a s h   a t   a p p r o x i m a t e l y   one  c y c l e   p e r  



s e c o n d   f o r   a b o u t   10  to   120  s e c o n d s .   When  t h e   o p e r a t i n g  

t e m p e r a t u r e   of  t h e   s e m i - c o n d u c t o r   8  i s   r e a c h e d   due  to   t h e  

h e a t i n g   by  t h e   c o i l   7,  t h e   l i g h t   b e c o m e s   s t e a d y   a g a i n   a n d  

r e m a i n s   s t e a d y .   When  an  e x p l o s i v e   gas   i s   d e t e c t e d   t h e r e a f t e r   b y  

t h e   s e n s i n g   h e a d ,   t h e   r e s i s t a n c e   of  t h e   s e m i - c o n d u c t o r  

d e c r e a s e s ,   and  t h i s   c a u s e s   t h e   o s c i l l a t o r   in  t h e   e l e c t r i c a l  

c i r c u i t   to   be  b r o u g h t   i n t o   o p e r a t i o n   a g a i n   to   o p e n   and  c l o s e   t h e  

r e l a y   16  to   c a u s e   t h e   l i g h t   t o   f l a s h .   When  t h e   r e l a y   16  i s  

o p e n ,   a  s m a l l   c u r r e n t   p a s s e s   to   t h e   b u l b   3  t h r o u g h   a  r e s i s t o r  

20.  The  l i g h t   t h e r e f o r e   a c t u a l l y   s w i t c h e s   b e t w e e n   b r i g h t   a n d  

dim.  The  f l a s h i n g   l i g h t   t h e n   p r o v i d e s   an  i n d i c a t i o n   of  t h e  

p r e s e n c e   of  an  e x p l o s i v e   g a s .   When  t h e   gas   c o n c e n t r a t i o n   a g a i n  

d e c r e a s e s ,   t h e   r e s i s t a n c e   of  t h e   s e m i - c o n d u c t o r   r i s e s ,   and  t h e  

o s c i l l a t o r   i s   no  l o n g e r   a c t i v a t e d   so  t h a t   t h e   l i g h t   a g a i n  

b e c o m e s   s t e a d y .  

I t   w i l l   be  n o t e d   t h a t   due  t o   t h e   c u r r e n t   p a t h   t h r o u g h   t h e  

r e s i s t o r   20  t h e   l i g h t   r e m a i n s   on  e v e n   when  t h e   r e l a y   16  i s   o p e n ,  

in  p r a c t i c e   t h e   c u r r e n t   t h r o u g h   t h e   r e s i s t o r   i s   p r e f e r a b l y   a b o u t  

h a l f   t he   c u r r e n t   r e q u i r e d   f o r   a  n o r m a l   b r i g h t   l i g h t   c o n d i t i o n  

whe re   t he   r e l a y   16  i s   c l o s e d .   T h i s   a r r a n g e m e n t   r e d u c e s   t h e  

s u r g e s   in  t h e   c i r c u i t   w h i c h   can   r e d u c e   t h e   e f f e c t i v e   l i f e   of  t h e  

b a t t e r y .   Such  s u r g e s   w o u l d   b e c o m e   p a r t i c u l a r l y   d e t r i m e n t a l   i f  

t he   l i g h t   was  s w i t c h e d   c o m p l e t e l y   o f f   when  t h e   r e l a y   16  o p e n e d .  

In  p r a c t i c e ,   when  a  m i n e r   c o l l e c t s   h i s   cap  lamp  u n i t   b e f o r e  

g o i n g   down  a  m i n e ,   he  w i l l   s w i t c h   t h e   lamp  on.   N o r m a l l y   t h e  

l i g h t   w i l l   f l a s h   f o r   a  p e r i o d   b e f o r e   b e c o m i n g   s t e a d y ,   and  t h e  

m i n e r   w i l l   n o t   go  down  t h e   m i n e   u n l e s s   and  u n t i l   t h e   l i g h t   h a s  

become  s t e a d y ,   i n d i c a t i n g   t h a t   t h e   s e n s i n g   d e v i c e   i s  

o p e r a t i o n a l .   To  g u a r d   a g a i n s t   t h e   u n l i k e l y   p o s s i b i l i t y   of  t h e  

s e n s i n g   d e v i c e   f a i l i n g   w h i l s t   t h e   m i n e r   i s   down  t h e   m i n e ,   i t   may  

be  p o s s i b l e   t o   i n c l u d e   in  t h e   e l e c t r i c a l   c i r c u i t   a  s e c o n d  

o s c i l l a t o r   c i r c u i t   w h i c h   w i l l   p r o d u c e   o s c i l l a t i o n s   w i t h   a  

d i f f e r e n t   c h a r a c t e r i s t i c   on  f a i l u r e   of  t h e   s e n s i n g   d e v i c e .  



The  s e n s i n g   h e a d   6  c an   c o n v e n i e n t l y   be  of  t h e   t y p e   s o l d   a t   t h e  

t i m e   of  f i l i n g   t h i s   a p p l i c a t i o n   by  F i g a r o   E n g i n e e r i n g   I n c .   o f  

t h e   U n i t e d   S t a t e s   of  A m e r i c a   u n d e r   t h e   d e s i g n a t i o n   TGG  812  o r  

8 1 3 .  

The  e l e c t r i c a l   c i r c u i t   can  be  a  h y b r i d   t y p e   in  a  m i c r o c h i p   f o r m  

w h i c h   d r a w s   a  maximum  c u r r e n t   of  110  mA  w h i c h   w i l l   b e  

i n s u f f i c i e n t   t o   h a v e   any  n o t i c e a b l e   e f f e c t   on  t h e   p o w e r  

a v a i l a b l e   f r o m   t h e   b a t t e r y .   The  r e l a y   16  can   be  a  s u i t a b l e  

e l e c t r o m e c h a n i c a l   t y p e   w o r k i n g   a t   an  o p e r a t i o n a l   v o l t a g e   of  a  

min imum  of  3 , 5   v o l t s .  

In  F i g u r e   4  i t   can   be  s e e n   t h a t   t h e   d e t e c t o r   c a s i n g   5  can   b e  

r e m o v e d   f r o m   t h e   l amp  h o u s i n g   1.  The  e l e c t r i c a l   c a b l e s   20  a r e  

shown  b r o k e n   b u t   in  p r a c t i c e   s u i t a b l e   p l u g s   and  s o c k e t s   a r e  

u s u a l l y   p r o v i d e d   to   f a c i l i t a t e   e l e c t r i c a l l y   c o n n e c t i n g   t h e  

d e t e c t o r   t o   t h e   l a m p .   D e t e c t o r s   can   t h u s   be  r e a d i l y   c h a n g e d   o r  

r e p l a c e d   or   a d d e d   t o   a  lamp  c a s i n g   as  r e q u i r e d .   The  d e t e c t o r  

c a s i n g   5  i s   s e c u r e d   t o   t h e   lamp  h o u s i n g   1  by  two  b o l t s   23  a n d  

2 4 .  

In  F i g u r e   5  i t   can   be  s e e n   t h a t   a  b a s e   p l a t e   26  of  t h e   d e t e c t o r  

c a s i n g   5  i s   p r o v i d e d   and  is   f o r m e d   of  a  h e a t   i n s u l a t i n g   m a t e r i a l  

to   r e d u c e   any  t r a n s f e r   of  h e a t   f r o m   t h e   lamp  to   t h e   d e t e c t o r  

c a s i n g   5 .  

The  s e n s i n g   d e v i c e   d e c r i b e d   can   s e n s e   m e t h a n e ,   h y d r o g e n ,  

h y d r o g e n   s u l p h i d e   and  c a r b o n   m o n o x i d e ,   w h i c h   a r e   t h e   m a i n  

d a n g e r o u s   g a s e s   u n d e r g r o u n d .   In  p a r t i c u l a r ,   t h e   s e n s i n g   d e v i c e  

can  be  a d j u s t e d   to   d e t e c t   t h e   f o l l o w i n g   gas   c o n c e n t r a t i o n s :  



U s i n g   TGS  812  s e n s o r :  

M e t h a n e   10  000  PPM  by  v o l u m e  

H y d r o g e n   30  PPM  by  v o l u m e  

H y d r o g e n   S u l p h i d e   10  PPM  by  v o l u m e  

C a r b o n   M o n o x i d e   250  PPM  by  v o l u m e  

U s i n g   TGS  813  s e n s o r :  

M e t h a n e   10  000  PPM  by  v o l u m e  

H y d r o g e n   1  100  PPM  by  v o l u m e  

H y d r o g e n   S u l p h i d e   300  PPM  by  v o l u m e  

C a r b o n   M o n o x i d e   20  PPM  by  v o l u m e  

A d v a n t a g e s   of  t h e   d e t e c t o r   d e s c r i b e d   a r e   t h a t   i t   p r o v i d e s   a  

c o n t i n u o u s   m o n i t o r i n g   f u n c t i o n   of  t h e   a t m o s p h e r e   j u s t   a b o v e   t h e  

m i n e r ' s   h e a d ,   i . e .   in   t h e   a r e a   w h e r e   t h e   h i g h e s t   c o n c e n t r a t i o n  

of  e x p l o s i v e   g a s e s   w i l l   b u i l d   up.   No  pump  i s   n e c e s s a r y   to   p a s s  
t h e   g a s e s   o v e r   t h e   d e t e c t o r ,   and  t h u s   a  p o s s i b l e   a d d i t o n a l  

s o u r c e   of  b a t t e r y   d r a i n   i s   a v o i d e d .  

The  s e n s i n g   h e a d   6  may  be  p h y s i c a l l y   s e p a r a t e d   f r o m   t h e  

c i r c u i t r y   in   t h e   c a s i n g   5,  f o r   i n s t a n c e   by  l o c a t i n g   t h e   s e n s i n g  

head   6  on  t h e   c a b l e   4.  I f   t h i s   i s   d o n e ,   i t   w i l l   be  a d v a n t a g e o u s  

to  mount   at   t h e   s e n s i n g   h e a d   6  n e a r   t h e   p o i n t   w h e r e   t h e   c a b l e   4 

e n t e r s   t h e   l amp  h o u s i n g   1,  so  t h a t   t h e   s e n s i n g   h e a d   w i l l   be  a t  

t he   h i g h e s t   p o i n t   f o r   r e a s o n s   a l r e a d y   g i v e n .   H o w e v e r   t h e  

i n v e n t i o n   e x t e n d s   t o   m o u n t i n g   of  t h e   s e n s i n g   h e a d   a n d / o r   t h e  

e l e c t r o n i c   c i r c u i t r y   a t   any  p o i n t   a l o n g   t h e   l e n g t h   of  t h e   c o r d  

b e t w e e n   t h e   c ap   l amp   and  t h e   b a t t e r y   14,  u s u a l l y   worn   a t   t h e  

m i n e r ' s   w a i s t .  

In  o t h e r   p o s s i b l e   a l t e r n a t i v e   a r r a n g e m e n t s ,   t h e   s e n s i n g   h e a d   may 

be  m o u n t e d   a p a r t   f r o m   t h e   cap   lamp  or  i t s   c o r d ,   p r o v i d e d   t h a t  

e l e c t r i c i t y   f o r   t h e   s e n s i n g   h e a d   and  i t s   a s s o c i a t e d   c i r c u i t r y   i s  

s t i l l   d rawn  f r o m   t h e   b a t t e r y .  



F i g u r e   6  i l l u s t r a t e s   an  e m b o d i m e n t   in   w h i c h   a  g a s   d e t e c t o r  

c a s i n g   30  c o n t a i n i n g   c o m p o n e n t s   s i m i l a r   t o   t h o s e   d e s c r i b e d   a b o v e  

w i t h   r e f e r e n c e   t o   t h e   gas   d e t e c t o r   of   F i g u r e s   1  t o   5  i s   a t t a c h e d  

by  m e a n s   of  m e t a l   b r a c k e t s   3 2 , 3 4   and   f i x i n g   b o l t s   3 6 , 3 8   to   t h e  

t o p   of  a  h o u s i n g   40  of  a  m i n e r ' s   c a p   l a m p .   The  l amp   i s   a d a p t e d  

to   be  r e m o v a b l y   a t t a c h e d   to   a  m i n e r ' s   h e l m e t   by  a  c l i p   42  o r  

o t h e r   c o n v e n t i o n a l   m e a n s .   A  s h o r t   l e n g t h   of  f l e x i b l e   c a b l e   44 

c o n n e c t s   t h e   c i r c u i t r y   of  t h e   g a s   d e t e c t o r   in   t h e   c a s i n g   30  t o  

t h e   c i r c u i t r y   of   t h e   l amp ,   w h i c h   i s   p o w e r e d   by  a  b a t t e r y   ( n o t  

s h o w n )   at  t h e   end   of  a  c a b l e   46.   G l a n d s   4 8 , 5 0   a r e   p r o v i d e d   t o  

e n s u r e   t h e   s e a l i n g   of  t h e   c a b l e s   44  and  46  r e s p e c t i v e l y   w h e r e  

t h e y   e n t e r   t h e   h o u s i n g   40,  and  a  s i m i l a r   g l a n d   ( n o t   v i s i b l e )   i s  

p r o v i d e d   on  t h e   gas   d e t e c t o r   c a s i n g   30  w h e r e   t h e   u p p e r   end  o f  

t h e   c a b l e   44  e n t e r s   t h i s   c a s i n g .   The  c a s i n g   30  h a s   a  w i n d o w  

f i t t e d   w i t h   a  s i n t e r e d   d i s c   52  w h i c h   i s   a  p a r t   of  t h e   s e n s i n g  

h e a d   of  t h e   d e t e c t o r .  

In  F i g u r e   7,  a  m i n e r ' s   h e l m e t   60  i s   f i t t e d   w i t h   a  cap   l a m p  

h a v i n g   a  h o u s i n g   62  t h a t   i s   p o w e r e d   by  a  b a t t e r y   ( n o t   s h o w n )  

t h r o u g h   a  f l e x i b l e   c a b l e   64.  A  c l i p   66  on  t h e   h e l m e t   t o w a r d s  

i t s   r e a r   h o l d s   t h e   c a b l e   away  f r o m   t h e   m i n e r ' s   f a c e .   A  g a s  
d e t e c t o r   c a s i n g   68  i s   l o c a t e d   in   t h e   c a b l e   64  b e t w e e n   t h e   l a m p  

h o u s i n g   62  and  t h e   c l i p   66,  and  i n c o r p o r a t e s   s i m i l a r   c o m p o n e n t s  

t o   t h o s e   d e s c r i b e d   w i t h   r e f e r e n c e   t o   t h e   e a r l i e r   e m b o d i m e n t s .  

The  s i n t e r e d   f i l t e r   70  f o r m i n g   p a r t   of  t h e   s e n s i n g   d e v i c e   of  t h e  

g a s   d e t e c t o r   i s   in  t h i s   v e r s i o n   a  b a n d   w h i c h   e x t e n d s   a r o u n d   t h e  

p e r i p h e r y   of   t h e   c a s i n g   68.  A  p o r t i o n   64A  of   t h e   c a b l e   64 

b e t w e e n   t h e   gas   d e t e c t o r   c a s i n g   68  and   t h e   lamp  h o u s i n g   62  i s  

m o d i f i e d   t o   i n c l u d e   t h e   w i r e s   n e c e s s a r y   t o   a c t   u p o n   t h e  

c o m p o n e n t s   of  t h e   lamp  in  t h e   h o u s i n g   6 2 .  

I t   w i l l   be  c l e a r   t h a t   in  t h e   e m b o d i m e n t   of  F i g u r e   7  t h e   g a s  
d e t e c t o r   h o u s i n g   68,  b e i n g   l o c a t e d   a l o n g s i d e   r a t h e r   t h a n   a b o v e  

t h e   lamp  h o u s i n g   62,  i s   u n l i k e l y   t o   be  d a m a g e d   by  c o n t a c t   w i t h  

t h e   h a n g i n g   w a l l   of  t h e   e x c a v a t i o n .   F u r t h e r ,   s i n c e   t h e   g a s  



d e t e c t o r ' s   w e i g h t   i s   l o c a t e d   f u r t h e r   r e a r w a r d   t h a n   in  t h e  

p r e v i o u s   e m b o d i m e n t s ,   t h e r e   i s   a  l e s s e r   t e n d e n c y   in  t h i s   v e r s i o n  

f o r   t h e   h e l m e t   t o   t i p   f o r w a r d s   on  t h e   m i n e r ' s   h e a d .  

In  a l l   t he   e m b o d i m e n t s   d i s c u s s e d   t h e   gas   d e t e c t o r ' s   h e a t -  

s e n s i t i v e   c o m p o n e n t s   a r e   l o c a t e d   in  a  c a s i n g   t h a t   i s   s e p a r a t e  

f rom  t h e   lamp  h o u s i n g ,   and  t h u s   t h e   p o s s i b i l i t y   of  d a m a g i n g  

t h e s e   c o m p o n e n t s   or  i m p a i r i n g   t h e i r   f u n c t i o n i n g   by  e x p o s u r e   t o  

t h e   h e a t   g e n e r a t e d   in   t h e   lamp  i s   e l i m i n a t e d   or   a t   l e a s t   r e d u c e d  

to   a c c e p t a b l e   l e v e l s .   F u r t h e r ,   t h e   i n v e n t i o n   a l l o w s   a  g a s  

d e t e c t o r   to   be  f i t t e d   t o   e x i s t i n g   cap   l a m p s   w i t h   t h e   min imum  o f  

s t r u c t u r a l   c h a n g e s   t o   t h e   cap   lamp  u n i t .   The  lamp  and  t h e   g a s  

d e t e c t o r   a l s o   r e m a i n   i n d e p e n d e n t l y   a c c e s s i b l e   and  r e p l a c e a b l e   i n  

the   i n v e n t i o n   in   t h e   e v e n t   t h a t   e i t h e r   n e e d s   r e p a i r   or  f a i l s  

e n t i r e l y .  



1 .  

An  e l e c t r i c a l l y   o p e r a t e d   e x p l o s i v e   g a s   d e t e c t o r   f o r   u se   i n  

c o n j u n c t i o n   w i t h   a  m i n e r ' s   cap  lamp  w h i c h   i n c l u d e s   a  l a m p  

h o u s i n g ( 1 , 4 0 , 6 2 ) ,   t h e   d e t e c t o r   b e i n g   a d a p t e d   to   draw  p o w e r  
f rom  a  b a t t e r y ( 1 4 )   of  t h e   u n i t   and  h a v i n g   a  s e n s i n g   h e a d ( 6 )  

w h i c h   o b t a i n s   a  s a m p l e   of  a t m o s p h e r e   to   be  s e n s e d   d i r e c t l y  

f rom  t h e   a t m o s p h e r e   s u r r o u n d i n g   t h e   s e n s i n g   h e a d ( 6 )   i t s e l f ,  

c h a r a c t e r i s e d   in  t h a t   t h e   s e n s i n g   h e a d   (6)  and  i t s   a s s o c i a t e d  

h e a t - s e n s i t i v e   c o m p o n e n t s   a r e   m o u n t e d   in  a t   l e a s t   one  c a s i n g  

( 5 , 3 0 , 6 8 )   s e p a r a t e   f r o m   t h e   lamp  h o u s i n g ( 1 , 4 0 , 6 2 ) .  

2 .  

A  gas  d e t e c t o r   as  c l a i m e d   in  C l a i m   1,  c h a r a c t e r i s e d   in  t h a t   t h e  

gas  d e t e c t o r   c a s i n g   (5)  i s   m o u n t e d   d i r e c t l y   on  t h e   l a m p  

h o u s i n g   ( 1 ) .  

3 .  

A  gas  d e t e c t o r   as  c l a i m e d   in  C l a i m   1,  c h a r a c t e r i s e d   in  t h a t   t h e  

gas  d e t e c t o r   c a s i n g   ( 5 , 3 0 )   i s   s p a c e d   a  f i x e d  d i s t a n c e   away  f r o m  

t h e   lamp  h o u s i n g   ( 1 , 4 0 ) .  

4 .  

A  gas  d e t e c t o r   as  c l a i m e d   in  C l a i m   1,  c h a r a c t e r i s e d   in  t h a t   t h e  

gas   d e t e c t o r   c a s i n g   (68)  i s   l o c a t e d   in  a  c a b l e   (64)  c o n n e c t i n g  

t he   cap  lamp  to   t h e   b a t t e r y   ( 1 4 ) .  

5 .  

A  gas  d e t e c t o r   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,   c h a r a c t e r i s e d  

in  t h a t   t h e   s e n s i n g   head   (6)  i s   a  g a s - s e n s i t i v e   s e m i -  

c o n d u c t o r   s e n s o r .  



6 .  

A  gas   d e t e c t o r   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,   c h a r a c t e r i s e d  

in  t h a t   t he   s e n s i n g   h e a d   (6)  i s   c o n n e c t e d   in  an  e l e c t r i c a l  

c i r c u i t   w h i c h   p r o v i d e s   an  a c t i v a t i n g   s i g n a l   f o r   c a u s i n g   t h e  

lamp  to  f l i c k e r   when  a  d a n g e r o u s   gas  c o n c e n t r a t i o n   i s   s e n s e d .  

7 .  

A  gas   d e t e c o r   as  c l a i m e d   in  C l a i m   6,  c h a r a c t e r i s e d   in  t h a t   t h e  

c i r c u i t   i n c l u d e s   an  o s c i l l a t o r   ( 1 8 ) .  

8 .  

A  gas   d e t e c t o r   as  c l a i m e d   in  C l a i m   6  or  C l a i m   7,  c h a r a c t e r i s e d  

in  t h a t   t he   s e n s i n g   h e a d   (6)  and  t h e   c i r c u i t   a r e   m o u n t e d   t o g e t h e r  

in  a  common  c a s i n g   ( 5 , 3 0 , 6 8 ) .  

9 .  

A  gas   d e t e c t o r   as  c l a i m e d   in  C l a i m   6  or  C l a i m   7,  c h a r a c t e r i s e d  

in  t h a t   t h e   e l e c t r i c a l   c i r c u i t   i s   h o u s e d   a p a r t   f r o m   t h e   s e n s i n g  

h e a d   ( 6 ) .  

1 0 .  

A  gas  d e t e c t o r   as  c l a i m e d   in  any  of  t h e   p r e c e d i n g   c l a i m s   w h e r e i n  

t h e   c i r c u i t   i n c l u d e s   a  s w i t c h   (2)  f o r   t h e   cap  l amp ,   c h a r a c t e r i s e d  

in  t h a t   t he   c i r c u i t   i s   a r r a n g e d   so  t h a t   t h e   lamp  w i l l   o n l y   o p e r a t e  

s t e a d i l y   i f   t h e   d e t e c t o r   i s   in  a  w o r k i n g   c o n d i t i o n .  

1 1 .  

A  gas   d e t e c t o r   as  c l a i m e d   in  C l a i m   10,  c h a r a c t e r i s e d   in  t h a t   t h e  

c i r c u i t   is   a r r a n g e d   so  t h a t   when  t h e   lamp  i s   f i r s t   s w i t c h e d   o n ,  

t h e   lamp  f l i c k e r s   f r o m   b r i g h t   to   dim  f o r   a  s h o r t   p e r i o d   and  t h e n  

( i n   t he   a b s e n c e   of  a  d a n g e r o u s   gas   c o n c e n t r a t i o n )   b e c o m e s   s t e a d y  

to   i n d i c a t e   t h a t   t h e   d e t e c t o r   i s   in  a  w o r k i n g   c o n d i t i o n .  
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