
J  

Europaisch.es  Patentamt 

European  Patent  Off  ice  ©  Publication  number:  0 0 4 6   3 7 8  

Office  europeen  des  brevets  A 2  

EUROPEAN  PATENT  APPLICATION 

Application  number:  81303701.7  ©  Int.  CI.3:  A  62  C  37/00,  F  16  K  3 1 / 1 2  

Date  of  filing:  14.08.81 

<§)  Priority:  20.08.80  GB  8027069  @  Applicant:  Chubb  Fire  Security  Limited,  Pyrene  House, 
Sunbury-on-Thames,  Middlesex  (GB) 

©  Date  of  publication  of  application:  24.02.82  @  Inventor:  Whitlock,  Raymond,  275  Gurnell  Grove,  West 
Bulletin  82/8  Ealing  London  W1  3  (GB) 

@  Representative  :  Obee,  Robert  William,  Manor  House 
@  Designated  Contracting  States:  AT  BE  DE  IT  NL  SE  Manor  Lane,  Feltham  MiddxTW13  4JQ  (GB) 

Fluid  pressure  controlled  time  delay  apparatus  and  system,  and  fire  fighting  installation  incorporating  such  system. 

A  time  delay  device,  particularly  for  use  with  C02  or  other 
fire  fighting  installations,  to  introduce  a  predetermined  delay 
for  evacuation  etc  between  the  raising  of  alarm  and  the  dis- 
charge  of  the  fire  fighting  medium.  The  device  comprises  a 
chamber  15  with  an  inlet  controlled  by  a  restricted  orifice  16 
and  an  outlet  controlled  by  a  bursting  disc  17.  When  the  alarm 
is  raised  high  pressure  gas  is  supplied  to  the  inlet  10A  and  me- 

tered  through  the  orifice  16  into  the  chamber  15  until  the  pres- 
sure  in  the  chamber  causes  the  disc  17  to  rupture,  the  time 
taken  for  rupture  depending  on  the  size  of  the  orifice  16,  the 
capacity  of  the  chamber  15  and  the  bursting  pressure  of  the 
disc  17.  When  the  disc  ruptures  a  surge  of  pressurised  gas 
passes  through  the  outlet  11A  to  a  pneumatic  relay  (not 
shown)  to  cause  release  of the fire fighting  medium. 



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

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

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

c o n n e c t i o n   w i t h   f i r e   f i g h t i n g   s y s t e m s   of   t h e   t y p e   f r e q u e n t l y  

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

l e a s i n g   a  f l u i d   f i r e   e x t i n g u i s h i n g / p r e v e n t i o n   m e d i u m ,   s u c h  

as  c a r b o n   d i o x i d e   v a p o u r ,   i n t o   t h e   e n v i r o n m e n t   i n   t h e   e v e n t  

or   t h r e a t e n e d   e v e n t   of  f i r e .  

In  f i r e   f i g h t i n g   i n s t a l l a t i o n s   of   t h i s   t y p e   i t   i s  

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

t i m e   d e l a y   b e t w e e n   t h e   i n i t i a t i o n   of   a  f l u i d - r e l e a s i n g  

s e q u e n c e   and   t h e   a c t u a l   d i s c h a r g e   of   t h e   med ium  i n t o   t h e  

e n v i r o n m e n t .   T h i s   i s   in   o r d e r   to  p e r m i t   p e r s o n n e l   t o  



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

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

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

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

d o o r s   to   b e  c l o s e d ,   v e n t i l a t o r s   to   be  s h u t   down  e t c ,   i n  

o r d e r   to   m a x i m i s e   t h e   e f f e c t s   of  t h e   med ium  when   d i s c h a r g e d .  

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

f r o m   a  few  s e c o n d s   to   a b o u t   a  m i n u t e .  

I t   i s   p r e f e r a b l e ,   f o r   r e l i a b i l i t y ,   t h a t   t h e   o p e r a t i o n   o f  

t h e   t i m e   d e l a y   a p p a r a t u s   i s   i n d e p e n d e n t   of   e x t e r n a l   e l e c -  

t r i c i t y   or   o t h e r   p o w e r   s u p p l i e s   and  h e n c e   v a r i o u s   t y p e s   o f  

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

o p e r a t i o n   on  a  s o u r c e   of   s t o r e d   f l u i d   p r e s s u r e .   S u c h  

d e v i c e s ,   as  e x e m p l i f i e d   eg  by  U n i t e d   S t a t e s   P a t e n t  

S p e c i f i c a t i o n s   Nos .   2 5 3 7 0 0 9 ,   2 6 6 3 1 5 3 ,   2 8 1 9 8 6 5   and   2 8 6 5 5 9 2 ,  

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

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

f l o w p a t h   p r o v i d e d   eg  by  an  o r i f i c e   or   c a p i l l a r y   t u b e .   T h e  

p r e s s u r e   w i t h i n   t h e   c h a m b e r   i s   a p p l i e d   t o   one  s i d e   of  a  p i s t o n  

e x p o s e d   on  i t s   o t h e r   s i d e   to   a  r e f e r e n c e   p r e s s u r e ,   and  t h e  

p i s t o n   c o n t r o l s   a  v a l v e   w h i c h ,   when  o p e n e d ,   c o n n e c t s   t h e  

p r i m a r y   p r e s s u r e   s o u r c e   d i r e c t l y   to   some  p r e s s u r e - r e s p o n s i v e  

m e a n s   f o r  r e l e a s i n g   t h e   f i r e   f i g h t i n g   m e d i u m .   I n i t i a t i o n  

of   t h e   r e l e a s e   s e q u e n c e   i s   a c c o m p l i s h e d   by  e s t a b l i s h i n g  

c o m m u n i c a t i o n   b e t w e e n   t h e   p r e s s u r e   s o u r c e   and  t h e   c h a m b e r ,  

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

o c c u r   u n t i l   t h e   p r e s s u r e   in   t h e   c h a m b e r   has   r i s e n   to   a  v a l u e  

s u f f i c i e n t   to   move  t h e   p i s t o n   and  o p e n   t h e   a s s o c i a t e d  

v a l v e ,   and   w i t h   a  g i v e n   s o u r c e   p r e s s u r e   t h e   t i m e   t a k e n   t o  

r e a c h   any  s e l e c t e d   p r e s s u r e   in   t h e   c h a m b e r   d e p e n d s   u p o n  



t h e   c a p a c i t y   of   t h e   c h a m b e r   and  t h e   c h a r a c t e r i s t i c s   of   t h e  

r e s t r i c t e d   f l o w p a t h   by  w h i c h   i t   i s   c o n n e c t e d   to   t h e   p r e s s u r e -  

s o u r c e .  

Time  d e l a y   d e v i c e s   as  d e s c r i b e d   a b o v e   a r e   r e l a t i v e l y   c o m p l e x   a n d  

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

t o l e r a n c e s ;   h e n c e   t h e y   a r e   e x p e n s i v e   to   p r o d u c e .   The   p r e s e n t  

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

a p p a r a t u s   s u i t a b l e   f o r   t h e   same  s e r v i c e   as  d e s c r i b e d   a b o v e   b u t  

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

a n d  h e n c e   a m e n a b l e   to   more   e c o n o m i c a l   p r o d u c t i o n .  

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

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

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

f l u i d   w i t h   s a i d   c h a m b e r ;   and   an  o u t l e t   f r o m   t h e   c h a m b e r   n o r m a l l y  

c l o s e d   by  a  b u r s t i n g   d i s c .  

By  a  " b u r s t i n g   d i s c "   i s   m e a n t   an  e l e m e n t   wh ich .   i s   a d a p t e d   t o  

r u p t u r e   to   o p e n   t h e   s a i d   o u t l e t   to   t h e   t r a n s m i s s i o n   of   f l u i d  

p r e s s u r e   f r o m  t h e   c h a m b e r   when  a  p r e d e t e r m i n e d   p r e s s u r e  
d i f f e r e n t i a l   a c r o s s   t h e   e l e m e n t   i s   e s t a b l i s h e d .   In   u s e ,  w i t h  

a  r e f e r e n c e   p r e s s u r e   on  t h e   d o w n s t r e a m   s i d e   of  t h e   d i s c ,   t h e  

t i m e   t a k e n   to   e s t a b l i s h   a  s e l e c t e d   b u r s t   p r e s s u r e  d i f f e r e n t i a l  

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

c h a m b e r   and   t h e   c h a r a c t e r i s t i c s   of   t h e   r e s t r i c t e d   f l o w p a t h . ,   a s  

in   t h e   c a s e   of   t h e   p r i o r   a r t   d e v i c e s   r e f e r r e d   t o   a b o v e .   H o w e v e r ,  

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

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

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

in   o t h e r   a p p l i c a t i o n s   o f   t h e   d e v i c e ,   so  t h a t   t h e   n e e d   f o r   a  

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

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

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



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

o p e r a t i o n   of   t h e   a p p a r a t u s ,   no  m o v i n g   p a r t s   b e i n g   r e q u i r e d .  

F u r t h e r m o r e ,   w i t h   a  g i v e n   s o u r c e  p r e s s u r e ,   c h a m b e r   c a p a c i t y   a n d  

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

d e l a y s   c an   be  v e r y   s i m p l y   and  e f f e c t i v e l y   a c h i e v e d   by  t h e   s u b -  

s t i t u t i o n   of  b u r s t i n g   d i s c s   w i t h   d i f f e r e n t   b u r s t   p r e s s u r e s .  

In   a  s e c o n d   a s p e c t   t h e   i n v e n t i o n   r e s i d e s   i n   a  t i m e   d e l a y   s y s t e m  

c o m p r i s i n g   a  s o u r c e   of   p r e s s u r i s e d   f l u i d ;   a  c h a m b e r   of   p r e -  

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

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

t h e   c h a m b e r   n o r m a l l y   c l o s e d   by  a  b u r s t i n g   d i s c ;   f i r s t   m e a n s  

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

c h a m b e r   t h r o u g h   s a i d   f l o w p a t h ;   and  s e c o n d   means   f o r   p e r f o r m i n g  

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

s a i d   c h a m b e r   u p o n   r u p t u r e   of   s a i d   b u r s t i n g   d i s c .  

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

of   t h e   f i r s t   m e a n s   and   t h e   r e s p o n s e   of   t h e   s e c o n d   m e a n s   d e t e r m i n e d  

by  t h e   t i m e   t a k e n   f o r   t h e   p r e s s u r e   w i t h i n   t h e   c h a m b e r   t o   r i s e   t o  

a  v a l u e   w h i c h   c a u s e s   r u p t u r e   o f   t h e   b u r s t i n g   d i s c ,   as  p r e v i o u s l y  

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

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

m e a n s  -   w h i c h   may  c o m p r i s e   e . g .   a  v a l v e   o r   p i e r c e r   m e c h a n i s m  

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

or   m a n u a l l y   in   r e s p o n s e   to   t h e   a u t o m a t i c   d e t e c t i o n   of   a  f i r e   o r  

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

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

t r a n s m i s s i o n   of   f l u i d   p r e s s u r e   f r o m . t h e   a f o r e s a i d   c h a m b e r .   H o w -  

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

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

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

a r e   n o t   r e s t r i c t e d   to   t h e   f i e l d   of   f i r e   f i g h t i n g .  

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

i n s t a l l a t i o n ,   r e f e r e n c e   b e i n g   made  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  s c h e m a t i c   d i a g r a m  o f   t h e   i n s t a l l a t i o n ;   a n d  

F i g u r e   2  i s   a  m o r e   d e t a i l e d   s e c t i o n a l   v i e w ,   to   an  e n l a r g e d  

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

of   F i g u r e   1 .  

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

of   f l u i d   f i r e   f i g h t i n g   m e d i u m   i l l u s t r a t e d   as  a  b a n k   o f  

c y l i n d e r s   1  of   c o m p r e s s e d   C02,   e a c h   of   w h i c h   i s   c o m m u n i c a b l e  

t h r o u g h   an  i n d i v i d u a l   k n u c k l e   v a l v e   2  w i t h   a  m a n i f o l d   3  b y  

w h i c h   t h e  g a s   i s   d i s t r i b u t e d   to   t h e   a r e a s   to   be  p r o t e c t e d  

in   t h e   e v e n t   or   t h r e a t   of   f i r e .   O p e r a t i o n   of   t h e   v a l v e s   2 

to   r e l e a s e   t h e   s t o r e d   gas   can   be  e f f e c t e d   by  a  p n e u m a t i c  

r e l a y   4  h a v i n g   a  p i s t o n   5  w h i c h ,   when   p r e s s u r e   i s   t r a n s m i t t e d  

to   t h e   c y l i n d e r   of   t h e   r e l a y ,   m o v e s   to   w i t h d r a w   a  c o n n e c t i n g  

c a b l e   7  to   w h i c h   t h e   v a l v e s   2 ' a r e   a l l   l i n k e d .  

T h e  p o w e r  f o r   o p e r a t i n g   t h e   r e l a y   4  i s   d e r i v e d   f r o m   a  c y l i n d e r  

8  o f  . c o m p r e s s e d   i n e r t   g a s ,   s u c h   as  n i t r o g e n .   On  t h e   r a i s i n g  

of   a l a r m   t h e   c y l i n d e r   8  i s   o p e n e d   to   s u p p l y   g a s   to   a  d e l a y  

d e v i c e   9  i n t e r p o s e d   i n   t h e   l i n e   1 0 / 1 1   b e t w e e n   t h e   c y l i n d e r   8 

and   r e l a y   4,  in   t h e   i l l u s t r a t e d   e m b o d i m e n t   t h e   o u t l e t   f r o m  

t h e   c y l i n d e r   8  b e i n g   e q u i p p e d   w i t h   a  f r a n g i b l e   c l o s u r e   1 2  

w h i c h   can   be  p i e r c e d   by  a  p i n   13  c o n n e c t e d   to   a  h a n d   l e v e r  

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

d e v i c e .  

The  d e l a y   d e v i c e   9,  w h i c h   i s   more   c l e a r l y   shown   i n   F i g u r e   2 ,  

c o m p r i s e s   a  p r e s s u r e   v e s s e l   15  h a v i n g   an  i n l e t   f i t t i n g   w h i c h  

i n c l u d e s   a  r e s t r i c t e d   o r i f i c e   16  and   an  i n l e t   a d a p t o r   1 0 A  

f o r   c o n n e c t i o n   to   t h e   l i n e   lO.  The  v e s s e l   15  i s   a l s o  

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



d i s c   17  and   an  o u t l e t   a d a p t o r   11A  f o r   c o n n e c t i o n   to   t h e   l i n e   1 1 .  

In  u s e ,   when   t h e   c y l i n d e r   8  i s   o p e n e d   n i t r o g e n   g a s   p a s s e s  

t h r o u g h   t h e   l i n e   10,  a d a p t o r   10A  and   o r i f i c e   16  i n t o   t h e  

c h a m b e r   d e f i n e d   w i t h i n   t h e   v e s s e l   15,   b u t   i s   i n i t i a l l y   p r e v e n t e d  

f r o m   r e a c h i n g   t h e   r e l a y   4  by  t h e   b u r s t i n g , d i s c   17 .   P r e s s u r e  

b u i l d s   up  w i t h i n   t h e   v e s s e l   15  a t   a  r a t e   d e t e r m i n e d   by  i t s  

c a p a c i t y   and   t h e   s i z e   of   t h e   o r i f i c e   16,   u n t i l   a f t e r   a  c e r t a i n  

i n t e r v a l   t h e   p r e s s u r e   d i f f e r e n t i a l   a c r o s s   t h e   d i s c   17  ( i t s  

d o w n s t r e a m   s i d e   b e i n g   e x p o s e d   to   t h e   a m b i e n t   p r e s s u r e   i n   t h e  

r e l a y   c y l i n d e r   6  and   l i n e   11  a t   t h i s   t i m e ) ,   r e a c h e s   t h e   v a l u e  

w h i c h   c a u s e s   t h e   d i s c   to   r u p t u r e .   When  t h i s   o c c u r s   a  s u r g e  
of   p r e s s u r i s e d   n i t r o g e n   p a s s e s   f r o m   t h e   v e s s e l   15  t h r o u g h  

t h e   a d a p t o r   11A  and  l i n e   11  to   t h e   r e l a y   c y l i n d e r   6  to   m o v e  

t h e   p i s t o n   5  and  t h e r e b y   r e l e a s e   t h e   f i r e   f i g h t i n g   m e d i u m   f r o m  

t h e   c y l i n d e r s   l .  

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

d e v i c e   9  b e t w e e n   o p e r a t i o n   of  t h e   l e v e r   14  and   t h e   r e l e a s e   o f  

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

v e s s e l   15,   t h e   s i z e   o f   t h e   o r i f i c e   16  and   t h e   b u r s t   p r e s s u r e  
of   t h e   d i s c   17.   V a r i a t i o n   of  t h e   d e l a y   can   be  a c h i e v e d   b y  

c h a n g i n g   t h e   e f f e c t i v e   c a p a c i t y   o f   t h e   v e s s e l   15  o r   t h e   s i z e  

of  t h e   o r i f i c e   16,   b u t   m o s t   s i m p l y   and  e f f e c t i v e l y   c a n   b e  

a c h i e v e d   by  s u b s t i t u t i n g   d i s c s   17  w i t h   d i f f e r e n t   b u r s t  

p r e s s u r e s .   The  d i s c s   a r e   t y p i c a l l y   made  f r o m   n i c k e l - s i l v e r  

or   c o p p e r ,   d i s c s   of   t h i s   t y p e   b e i n g   c o m m e r c i a l l y   a v a i l a b l e  

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

p r e s c r i b e d   l i m i t s .   In   one   e x a m p l e   o f   a  d e l a y   d e v i c e  

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

15  i s   a p p r o x i m a t e l y   2 3 0 c c s   and  t h e   d i a m e t e r   o f   t h e   o r i f i c e   i s  

0 . 0 1 5 "   ( 0 . 3 8 m m ) ,   and  w o r k i n g   f r o m   a  1400   p s i   (97  b a r )  

p r e s s u r e   s o u r c e ,   a  d i s c   17  w i t h   a  b u r s t   p r e s s u r e   of   600  p s i  
(41  b a r )   g i v e s   a  d e l a y   of   7  s e c o n d s   w h i l e   a  d i s c   w i t h   a  b u r s t  



p r e s s u r e   of   700  p s i   (48  b a r )  g i v e s   a  d e l a y   of  21  s e c o n d s .  

As  shown  in   F i g u r e   2,  t h e   d i s c   17  i s   c l a m p e d   p e r i p h e r a l l y  

b e t w e e n   a  p a i r   of   w a s h e r s   18  w h i c h   in   t u r n   a r e   c l a m p e d  

b e t w e e n   a  c o n e   r i n g   19  and   a  s e a t i n g   r i n g   20  p r o v i d e d   o n  

t h e   v e s s e l   15,   t h e   a s s e m b l y   b e i n g   s e c u r e d  b y   a  l o c k i n g   r i n g  

21  s c r e w e d   o n t o   t h e   r i n g   20  and  r e t a i n i n g   t h e   r i n g   1 9 .  

To  c h a n g e   t h e   d i s c   17  t h e   l o c k i n g   r i n g   21  i s   s i m p l y   u n s c r e w e d  

to   p e r m i t   t h e   r i n g s   and   w a s h e r s   t o   be  s e p a r a t e d .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   d e t a i l s   g i v e n   a b o v e   of   t h e  

m e a n s  b y  w h i c h   p r e s s u r i s e d   f l u i d   i s   made  a v a i l a b l e   to   t h e   d e l a y  

d e v i c e - 9 ,   and   of   t h e   m e a n s   w h i c h   r e s p o n d   to   t h e   r u p t u r e   o f  

t h e   d i s c   17  and   t h e   f u n c t i o n s   p e r f o r m e d   t h e r e b y ,   a r e   g i v e n  

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

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

c o n s t r u c t i o n   and   o p e r a t i o n   of   t h e   d e l a y   d e v i c e   i t s e l f .  



1.  A  f l u i d   p r e s s u r e   c o n t r o l l e d   t i m e   d e l a y   a p p a r a t u s  

c o m p r i s i n g   a  c h a m b e r   (15)  of   p r e d e t e r m i n e d   v o l u m e ,  

a  r e s t r i c t e d   f l o w p a t h   ( 1 0 , 1 6 )   f o r   c o m m u n i c a t i n g   a  

s o u r c e   (8)  of  p r e s s u r i s e d   f l u i d   w i t h   s a i d   c h a m b e r   ( 1 5 ) ,  

and  m e a n s   ( l7 )   n o r m a l l y   c l o s i n g   an  o u t l e t   ( l l A )   f r o m  

t h e   c h a m b e r   ( 1 5 ) ;   c h a r a c t e r i s e d   in   t h a t   s a i d   c l o s i n g  

m e a n s   c o m p r i s e s   a  b u r s t i n g   d i s c   ( 1 7 ) .  

2.  A  f l u i d   p r e s s u r e   c o n t r o l l e d   t i m e   d e l a y   s y s t e m   c o m p r i s i n g  

a  s o u r c e   (8)  of  p r e s s u r i s e d   f l u i d ,   a  c h a m b e r   (15)  o f  

p r e d e t e r m i n e d   v o l u m e ,   a  r e s t r i c t e d   f l o w p a t h   ( 1 0 , 1 6 )   f o r  

c o m m u n i c a t i n g   s a i d   s o u r c e   (8)  of   p r e s s u r i s e d   f l u i d   w i t h  

s a i d   c h a m b e r   ( 1 5 ) ,   means   (17)  n o r m a l l y   c l o s i n g   an  o u t l e t  

(11A)  f r o m   t h e   c h a m b e r   ( 1 5 ) ,  f i r s t   m e a n s   ( 1 3 , 1 4 )  

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

(8)  and  c h a m b e r   (15)  t h r o u g h   s a i d   f l o w p a t h   ( 1 0 , 1 6 ) ,   a n d  

s e c o n d   means   (4)  f o r   p e r f o r m i n g   a  f u n c t i o n   in   r e s p o n s e  

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

b u r s t i n g   d i s c   (17)  and  s a i d   s e c o n d  m e a n s   (4)  i s   a r r a n g e d  
to   p e r f o r m   i t s   s a i d   f u n c t i o n   i n   r e s p o n s e   to   t h e   t r a n s m i s -  

s i o n   t h e r e t o   of   f l u i d   p r e s s u r e   f r o m   s a i d   c h a m b e r   ( 1 5 )  

u p o n   r u p t u r e   of   s a i d   b u r s t i n g   d i s c   ( 1 7 ) .  

3.  A  t i m e   d e l a y   a p p a r a t u s   or   s y s t e m   a c c o r d i n g   to   c l a i m   1 

or   c l a i m   2  c h a r a c t e r i s e d   in   t h a t   s a i d   f l o w p a t h   (10)  i s  

r e s t r i c t e d   by  m e a n s   of   an  o r i f i c e   (16)  of   p r e d e t e r m i n e d  

c r o s s - s e c t i o n a l   a r e a   a t   t h e   i n l e t   (10A)  of   s a i d   c h a m b e r  

( 1 5 ) .  

4.  A  t i m e   d e l a y   a p p a r a t u s   or   s y s t e m   a c c o r d i n g   t o   a n y  o n e  
of  c l a i m s   1  to   3  c h a r a c t e r i s e d   i n   t h a t   s a i d   b u r s t i n g  
d i s c   (17)  i s   m o u n t e d   t o   c l o s e   s a i d   o u t l e t   (11A)  by  b e i n g  



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

( 1 9 , 2 0 )   a s s o c i a t e d   w i t h   s a i d   c h a m b e r   (15)  and   s e c u r e d  

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

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

s y s t e m   a c c o r d i n g   to   c l a i m   2  or   to   e i t h e r   of   c l a i m s   3 

a n d  4   when  a p p e n d e d   t h e r e t o ,   c h a r a c t e r i s e d   in   t h a t   s a i d  

s e c o n d   m e a n s   (4)  c o m p r i s e s   a  m e c h a n i s m   a r r a n g e d   to   r e l e a s e  

a  f i r e   f i g h t i n g   m e d i u m  ( 1 )   in   r e s p o n s e   to   t h e   t r a n s m i s s i o n  

t h e r e t o   of   f l u i d   p r e s s u r e   f r o m   s a i d   c h a m b e r   (15)  u p o n  

r u p t u r e   of  s a i d   b u r s t i n g   d i s c   ( 1 7 ) .  

6.  A  f i r e   f i g h t i n g   i n s t a l l a t i o n   a c c o r d i n g   to   c l a i m   5 

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

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

t i o n   m e a n s .  
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