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©  Alarms. 

An  alarm  device  comprises  a  visual  and/or  audible  alarm 
11  which  is  adapted  to  be  actuated  by  hydraulic  pressure 
fluid,  and  preferably  includes  a  unit for  converting  the  energy 
of  the  pressure  fluid  to  electrical  energy.  The  alarm  device 
preferably  comprises  a  control  arrangement  which  inhibits 
flow  of  hydraulic  pressure  fluid  to  machinery, for  a  predeter- 
mined  delay  period  after  the  alarm  has  been  actuated. 



T h i s   i n v e n t i o n   r e l a t e s   to   a l a r m s ,   and  i s  

p a r t i c u l a r l y   a l 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  

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

At  p r e s e n t ,   much  u n d e r g r o u n d   m i n i n g   i s   c a r r i e d  

o u t   by  a u t o m a t i c   m a c h i n e r y .   Due  t o   t h e   v e r y   n a t u r e   o f  

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

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

b o t h   l i g h t   and   a c c e s s i b i l i t y   a r e   p o o r .   O f t e n ,   a  s i n g l e  

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

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

e x t r e m e l y   d a n g e r o u s   a t   t h e   w o r k   a r e a .   I t   i s   o f t e n   i m p o s s i b l e  

f o r   t he   o p e r a t o r   t o   s e e  t h e   work   a r e a ,   n o t   o n l y   b e c a u s e   o f  

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

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

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

d e g r e e s   of   s o p h i s t i c a t i o n ,   w h i c h   p r e v e n t   t h e   s t a r t - u p   o f  

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

H o w e v e r ,   i t   i s   k n o w n   t h a t   s u c h   c h e c k   p r o c e d u r e s   a r e   s o m e t i m e s  

b y p a s s e d ,   and   i n   a n y   e v e n t ,   i f   any  w a r n i n g   i s   g i v e n   o f  

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

or  i n s u f f i c i e n t l y   e a r l y   t o   a l l o w   e v a s i v e   a c t i o n   to   be  t a k e n  

by  any  p e r s o n   who  i s   i n a d v e r t e n t l y   i n   t h e   work   a r e a   o f  

t h e   m a c h i n e .   T h u s ,   i t   i s   u n f o r t u n a t e l y   t h e   c a s e   t h a t  

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

due  to   w o r k e r s   b e i n g   p r e s e n t   i n   t h e   w o r k   a r e a   of  t h e   m a c h i n e r y  

when  i t   i s   s t a r t e d   u p .  

P r e f e r r e d   e m b o d i m e n t s   of  t h e   p r e s e n t   i n v e n t i o n  

aim  to  p r o v i d e   a l a r m   d e v i c e s   w h i c h   may  be  i m p r o v e d   i n   t h i s  

r e s p e c t .  



More  g e n e r a l l y ,   a c c o r d i n g   to   a  f i r s t   a s p e c t  

o f   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   an  a l a r m   d e v i c e  

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

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

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

a c t u a t e d ,   b o t h   t h e   a l a r m   and  t h e   c o n t r o l   means   b e i n g  

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

The  a l a r m   may  be  a  v i s u a l   a n d / o r   a u d i b l e   a l a r m o  

The  a l a r m   may  be  e l e c t r i c a l l y   d r i v e n ,   t h e   d e v i c e   i n c l u d i n g  

m e a n s   f o r   c o n v e r t i n g   h y d r a u l i c   p r e s s u r e   f l u i d   e n e r g y  
to  e l e c t r i c a l   e n e r g y ,   i n   t h e  m a n n e r   of  t h e   p o r t a b l e   p o w e r  
u n i t s   d i s c l o s e d   i n   o u r   I n t e r n a t i o n a l   A p p l i c a t i o n   N o :  

PCT(GB  8 2 / 0 0 0 8 5 ) ,   to   w h i c h   t h e   r e a d e r ' s  

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

an  a u d i b l e   a l a r m ,   i t   may  be  d r i v e n   d i r e c t l y   by  h y d r a u l i c  

p r e s s u r e   f l u i d ,   as   a  s i r e n ,   f o r   e x a m p l e .  

The  a l a r m   may  be  a  c o n t i n u o u s   a l a r m   or  a n  

i n t e r m i t t e n t   a l a r m   ( e . g .   p r o v i d i n g   p u l s e s   of  l i g h t   a n d  

or   s o u n d ) .  

The  d e v i c e   may  b e  a   s e l f - c o n t a i n e d   u n i t ,   or   m a y  

be  i n c o r p o r a t e d   i n t o   a  m a c h i n e   to   be  c o n t r o l l e d .   I n  

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

and  w a t e r   p r o o f   h o u s i n g .  

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

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

t h e r e i n ,   and  s a i d   d e l a y   p e r i o d   i s   d e f i n e d   by  t h e   t i m e   t a k e n  

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

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

s p r i n g   b i a s .  



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

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

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

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

of   h y d r a u l i c   p r e s s u r e   f l u i d , t o   m a c h i n e r y   to   be  c o n t r o l l e d .  

The  c o n t r o l   means   p r e f e r a b l y   c o m p r i s e s   a t   l e a s t  

one  c o n t r o l   v a l v e   o p e r a t i v e   to   i n h i b i t   f l o w   of  h y d r a u l i c  

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

d e l a y   p e r i o d .  

I n   an  e s p e c i a l l y   a d v a n t a g e o u s   a r r a n g e m e n t ,   one  c o n t r o l  

v a l v e   i s   o p e r a t i v e   t o   c o n t r o l   a  ma in   f l o w   of  h y d r a u l i c   p r e s s u r e  
f l u i d   to   m a c h i n e r y   to   be  c o n t r o l l e d ,   a n d  p r e v e n t s   s u c h  

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

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

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

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

In   a n o t h e r   a s p e c t   of  t h e   i n v e n t i o n ,   t h e r e   i s  

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

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

a c c o r d a n c e   w i t h   t h e   f i r s t   a s p e c t   of  t h e   i n v e n t i o n .  

In   an  e s p e c i a l l y   a d v a n t a g e o u s   e m b o d i m e n t ,   s a i d  

m a c h i n e r y   c o m p r i s e s   m i n i n g   m a c h i n e r y .   I 

In   a  f u r t h e r   a s p e c t   of  t he   i n v e n t i o n ,   t h e r e   i s  

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

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

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

a r r a n g e d   t o   be  d r i v e n   by  t h e   h y d r a l i c   m o t o r   and  i s   a r r a n g e d  
to  s u p p l y   t h e   a l a r m   w i t h   e l e c t r i c a l   e n e r g y .  



The  a l a r m   may  be  a u d i b l e   a n d / o r   v i s u a l .   T h e  
h o u s i n g   i s   p r e f e r a b l y   f l a m e p r o o f   and  w a t e r p r o o f .   P r e f e r a b l y ,  
t h e   u n i t   i s   p o r t a b l e .   A l t e r n a t i v e l y ,   i t   may  be  b u i l t   i n t o  
m a c h i n e r y   ( e s p e c i a l l y   u n d e r g r o u n d   m i n i n g   m a c h i n e r y ) ,   a n d / o r  

may  be   a r r a n g e d   to   e m i t   an  a l a r m   s i g n a l   p r i o r   t o   s t a r t - u p  
of   m a c h i n e r y .  

F o r   a  b e t t e r   u n d e r s t a n d i n g   of  t h e   i n v e n t i o n   a n d  
to   show  how  t h e   same  may  be  c a r r i e d   i n t o   e f f e c t ,   r e f e r e n c e  
w i l l   now  be  m a d e ,   by  way  of  e x a m p l e ,   to   t h e   a c c o m p a n y i n g  
d i a g r a m m a t i c   d r a w i n g s ,   i n  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   of   an  h y d r a u l i c a l l y  
d r i v e n   u n d e r g r o u n d   l i g h t i n g   s y s t e m ,   i n   w h i c h   an  a l a r m   u n i t  
i s   i n c o r p o r a t e d ;  

F i g u r e   2  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   a n  

a l a r m   d e v i c e ;   a n d  

F i g u r e   3  i s   a  p e r s p e c t i v e   v i e w   of  one  e x a m p l e  

of   a  p h y s i c a l   e m b o d i m e n t   of   t h e   a l a r m   u n i t   of   F i g u r e   1 .  

The  l i g h t i n g   s y s t e m   s h o w n   i n   F i g u r e   1  c o m p r i s e s  

a t h y d r a u l i c   f l u i d   s u p p l y   s y s t e m   1,  i n   w h i c h   h y d r a u l i c   f l u i d  

f r o m   a  t a n k   2  i s   s u p p l i e d   u n d e r   p r e s s u r e   by  means   of   a  

pump  5  d r i v e n   by  a  m o t o r   4 .   By  way  of  e x a m p l e ,   t h e   pump  3  

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

3  g a l l o n s   p e r   m i n u t e ,   and   t h e   m o t o r   4  may  be  a  3  h o r s e p o w e r  

m o t o r .   An  o n / o f f   v a l v e   5  i s   p r o v i d e d   f o r   c o n t r o l l i n g   t h e  

f l o w   of  h y d r a u l i c   f l u i d   f r o m   t h e   s u p p l y   s y s t e m   1,  and   f l o w  

and   r e t u r n   p o r t s   6  a n d  7   a r e   p r o v i d e d   f o r   m a k i n g   c o n n e c t i o n s  

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

i s   s u p p l i e d   u n d e r   p r e s s u r e   a l o n g   a  f l o w   l i n e   8  to   a  p l u r a l i t y  

of   lamp  u n i t s   10,   and   r e t u r n e d   a l o n g   a  r e t u r n   l i n e   9 0  

The  lamp  u n i t s   10  a r e   a l l   a r r a n g e d   i n   p a r a l l e l   a c r o s s   t h e  

f l o w   and  r e t u r n   l i n e s   8  and  9 .   Each   lamp  u n i t   10  c o m p r i s e s  



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

and  an  e l e c t r i c   lamp  s u p p l i e d   w i t h   e l e c t r i c i t y   f r o m   t h e  

g e n e r a t o r .   T h u s ,   t h e   l i g h t i n g   s y s t e m   i s   e s s e n t i a l l y   s i m i l a r  

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

A p p l i c a t i o n   r e f e r r e d   to   a b o v e .  

An  a l a r m   u n i t   11  i s   a l s o   c o n n e c t e d   i n   p a r a l l e l  

w i t h   t h e   l amp  u n i t s   10,   b e t w e e n   t h e   f l o w   and  r e t u r n   l i n e s  

8  and   9 .   One  e x a m p l e   of   p h y s i c a l   c o n s t r u c t i o n   of  t h e   a l a r m  

u n i t   11  i s   s h o w n   i n   F i g u r e   3,  w h e r e   t h e   u n i t   11  i s  

c o n t a i n e d   w i t h i n   a  f l a m e p r o o f   and  w a t e r p r o o f   h o u s i n g   1 4 .  

F l u i d   f l o w   and   r e t u r n   l i n e s   12  and  13  a r e   c o n n e c t e d   to   t h e  

s y s t e m   f l o w   and  r e t u r n   l i n e s   8  and  9  r e s p e c t i v e l y ,   a n d  

l e a d   i n t o   t h e   h o u s i n g   1 4 .   M o u n t e d   w i t h i n   t h e   h o u s i n g   1 4  

a r e   an  h y d r a u l i c   m o t o r   ( n o t   shown)   and  an  e l e c t r i c  

g e n e r a t o r   ( n o t   s h o w n ) ,   w h i c h   a r e   a r r a n g e d   t o   c o n v e r t   t h e  

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

l i n e s   12  and   13  i n t o   e l e c t r i c a l   e n e r g y ,   i n   j u s t   t h e   s a m e  

m a n n e r   as  t h e   lamp  u n i t s   10 .   The  e l e c t r i c a l   e n e r g y   t h u s  

o b t a i n e d   i s   t h e n   a p p l i e d   b o t h   to   an  e l e c t r i c a l l y   o p e r a b l e  

a u d i b l e   a l a r m   15,   and  an  e l e c t r i c a l l y   o p e r a b l e   v i s u a l  

a l a r m   1 6 .  

t h e   a u d i b l e   a l a r m   15  may  p r e f e r a b l y   be  an  e l e c t r i c  

h o r n   a r r a n g e d   to   g i v e   e i t h e r   a  c o n t i n u o u s   or   i n t e r m i t t e n t  

s o u n d ,   or   an  a l t e r n a t i n g   t w o - t o n e   s o u n d .   The  v i s u a l   a l a r m  

16  may  c o m p r i s e   a  lamp  a r r a n g e d   to  g i v e   e i t h e r   a  c o n t i n u o u s  

l i g h t   or   a  f l a s h i n g   l i g h t ,   o r   t h e   lamp  may  be  a r r a n g e d   t o  

r o t a t e .   T h u s ,   when  a c t u a t e d ,   t h e   a l a r m   u n i t   11  g i v e s   b o t h  

a u d i b l e   and  v i s i b l e   w a r n i n g s ,   f o r   any  d e s i r e d   p e r i o d   of  t i m e .  

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

o n l y   a  v i s i b l e   a l a r m   may  be  p r o v i d e d .   I n s t e a d   of  p r o v i d i n g  

an  e l e c t r i c a l l y   o p e r a b l e   a l a r m   15,   t h e   a u d i b l e   a l a r m   may  b e  

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

of  a  s i r e n ,   f o r   e x a m p l e .   H o w e v e r ,   in   an  u n d e r g r o u n d   m i n i n g  

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

a r e   p r o n e   t o   c l o g g i n g   by  d u s t   and  o t h e r   f o r e i g n   o b j e c t s .  



F i g u r e   2  shows   an  e x a m p l e   of  a  c i r c u i t   d i a g r a m  
of   an  a l a r m   d e v i c e   18  when  a d a p t e d   f o r   u s e   w i t h   u n d e r g r o u n d  

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

a l a r m   d e v i c e   18  i s   c o n n e c t e d   i n   s e r i e s   w i t h   a  m a i n   f l o w   l i n e  

17  of  t h e   m a c h i n e r y .  

P r e s s u r e   f l u i d   i n   t h e   l i n e   17  i s   a r r a n g e d   t o   f l o w  

i n   p a r a l l e l   to   a  s p r i n g   o p e r a t e d   s e q u e n c e   v a l v e   1 9 ,   a  

f i r s t   r e s t r i c t o r   v a l v e   20 ,   and  a  s e c o n d   r e s t r i c t o r   v a l v e   2 1 .  

The  s e q u e n c e   v a l v e   19  i s   so  b i a s e d   as  t o   o p e n   o n l y   when  t h e  

p r e s s u r e   of  t h e   f l u i d   s u p p l i e d   t h e r e t o   e x c e e d s   a  p r e d e t e r m i n e d  
l i m i t   v a l u e  -   f o r   e x a m p l e   1 , 0 0 0   P S I .   Thus ,   a t   t h e   m o m e n t  

t h e   a l a r m   d e v i c e  1 8   i s   a c t u a t e d ,   t h e   v a l v e   19  r e m a i n s   c l o s e d ,  

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

The  s e c o n d   r e s t r i c t o r   v a l v e   21  a l o w s   p r e s s u r e   f l u i d  

t o   f l o w   t h e r e t h r o u g h   more  q u i c k l y   t h a n   d o e s   t h e   f i r s t  

r e s t r i c t o r   v a l v e   2 0 .   C o n s e q u e n t l y ,   p r e s s u r e   f l u i d   f l o w i n g  

t h r o u g h   t h e   r e s t r i c t o r   v a l v e   21  p a s s e s   t h r o u g h   a  s u b s e q u e n t  

s p r i n g   o p e r a t e d   p i l o t   v a l v e   22  i n t o   an  a l a r m   u n i t   11 ,   w h i c h  

may  b e ,   f o r   e x a m p l e ,   as  shown   i n   F i g u r e   3.  The  a l a r m   u n i t  

11  t h e n   p r o v i d e s   a  v i s u a l   and  a u d i b l e   a l a r m .  

M e a n w h i l e ,   a f t e r   a  t i m e   l a g   f l u i d   f l o w i n g   t h r o u g h  

t h e   f i r s t   r e s t r i c t o r   v a l v e   20  p a s s e s   t h r o u g h   a  n o n - r e t u r n  

v a l v e   23  to   an  h y d r a u l i c   c y l i n d e r   c o n t a i n i n g   a  s p r i n g   b i a s e d  

p i s t o n   25 .   The  p i s t o n   25  i s   b i a s e d   by  a  s p r i n g   26  n o r m a l l y  

i n t o   an  u p p e r   ( a s   s e e n )   p o s i t i o n .   The  p r e s s u r e   of   t h e   f l u i d  

a r i v i n g   f r o m   t h e   r e s t r i c t o r   v a l v e   20  a n d m n - r e t u r n   v a l v e   2 3  

t h e n   a c t s   on  the   p i s t o n   25  t o   p u s h   t h e   same  p r o g r e s s i v e l y  

d o w n w a r d l y   ( a s   s e e n ) o   The  p i s t o n   25  t h e n   c o n t i n u e s   to   m o v e  

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

i t s   l o w e r m o s t   p o s i t i o n .   At  t h i s   p o i n t ,   t h e   f l u i d   p r e s s u r e  

o b t a i n i n g   i n   t h e   c y l i n d e r   24  b u i l d s - u p   t o   s y s t e m   p r e s s u r e ,  

w h i c h   i s   r e f l e c t e d   a t   t h e   f l o w   p o r t   of  s e q u e n c e   v a l v e   1 9 .  



C o n s e q u e n t l y ,   t h e   v a l v e   19  o p e n s ,   and  s u p p l i e s   h y d r a u l i c  

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

e n a b l e d   t o   o p e r a t e .   A l s o ,   t h e   p r e s s u r e   of  t h e   f l u i d   a t  

t h e   c y l i n d e r   24  t h e n   o p e r a t e s   on  t h e   p i l o t   v a l v e   22  t o  

s h u t - o f f   t h e   s a m e ,   t h e r e b y   s h u t t i n g   o f f   t h e   a l a r m   u n i t   1 1 .  

I t   w i l l   be  s e e n   t h a t   t h e   s t e m   of  t h e   p i s t o n   2 5  

a l s o   o p e r a t e s ,   v i a   a  cam  m e c h a n i s m   ( n o t   s h o w n ) ,   on  t w o  

c o n t r o l   v a l v e s   27  and  2 8 .   T h e s e   v a l v e s   a c t   r e s p e c t i v e l y  

on  f l o w   l i n e s   29  and  30  to   r e s p e c t i v e   p a r t s   of  t h e   m a c h i n e r y  

( s u c h   as  m o t o r s ,   c u t t e r s ,   e t c . ) ,   and   when  t h e   p i s t o n   25  i s  

i n   i t s   u p p e r   mos t   p o s i t i o n ,   t h e   v a l v e s   27  and  28  a r e   o p e n  

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

p a r t s   to   t a n k ,   t h u s   i n h i b i t i n g   o p e r a t i o n   of   t h o s e   p a r t s .  

When  t h e   p i s t o n   25  r e a c h e s   i t s   l o w e r m o s t   p o s i t i o n ,   t h e  

v a l v e s   27  a n d  2 8   a re   c l o s e d ,   t h e r e b y   e n a b l i n g   h y d r a u l i c  

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

may  t h e n   be  o p e r a t e d o  

When  i t   i s   d e s i r e d   t o   s h u t   down  t h e   s y s t e m ,   f l u i d  

p r e s s u r e   on  t h e   l i n e   17  i s   r e d u c e d ,   c l o s i n g   t he   s e q u e n c e  
v a l v e   19 .   T h e n ,   o i l   t r a p p e d   a t   t h e   c y l i n d e r   24  i s   a l l o w e d  

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

31  and   n o n - r e t u r n   v a l v e 3 2 .  

I t   may  be  a p p r e c i a t e d   t h a t   t h e   i l l u s t r a t e d   a l a r m   ; 
d e v i c e   18  may  be  o f  immense   v a l u e   when   u s e d   to   c o n t r o l  

u n d e r g r o u n d   m i n i n g   m a c h i n e r y .   As  s o o n   as  a  s t a r t - u p  

p r o c e d u r e   of   t h e   m a c h i n e r y   i s   i n i t i a t e d ,   t h e   a l a r m   d e v i c e   1 8  

i s   a c t i v a t e d ,   and  t he   a l a r m   u n i t   11  p r o v i d e s   b o t h   an  a u d i b l e  

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

c y l i n d e r   24 ,   and  t h e r e f o r e   a t   t h e   f l o w   p o r t   of  t h e   s e q u e n c e  
v a l v e   19 ,   p r o g r e s s i v e l y   b u i l d s - u p .   T h i s   d e l a y   c an   be  as  m u c h  

as  45  s e c o n d s ,   w h i c h   in   mos t   c a s e s ,   can   be  ample   f o r   any  p e r s o n  



in   a  d a n g e r o u s   p o s i t i o n   ( e . g .   a  m a i n t e n a n c e   w o r k e r   i n  

the   v i c i n i t y   o f   t h e   work   a r e a   of  t he   m a c h i n e r y )   t o   t a k e  

e v a s i v e   a c t i o n .   F o r   e x a m p l e ,  " a b o r t "   c o n t r o l s   may  b e  

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

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

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

w o r k e r   has   b e e n   a b l e   to   move  to  s a f e t y .   I t   may  b e  

a p p r e c i a t e d   t h a t   t h e   a l a r m   d e v i c e   18  i s   e s p e c i a l l y   s a f e  

and  r e l i a b l e   i n   o p e r a t i o n ,   as  i t   h a s   no  e x t e r n a l   e l e c t r i c a l  

c o n n e c t i o n s   w h a t s o e v e r ,   i t s   few  e l e c t r i c a l   c o n n e c t i o n s  

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

w i t h i n   t h e   s e a l e d   h o u s i n g   of  t h e   a l a r m   u n i t   11 .   A l t h o u g h  

t h e   a l a r m   d e v i c e   18  i s   d r i v e n   e n t i r e l y   by   h y d r a u l i c   p o w e r ,  
i t   may  n e v e r t h e l e s s   be  r e a d i l y   i n c o r p o r a t e d   i n t o   any   e l e c t r i c a l  

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

maximum  v o l t a g e   o c c u n i n g   w i t h i n   t h e   a l a r m   u n i t   11  may  b e  

12  or  24  v o l t s   D C .  

The  a l a r m   d e v i c e   18  may  be  u s e d   w i t h   any  s u i t a b l e  

h y d r a u l i c   p r e s s u r e   f l u i d ,   s u c h   as  w h o l l y   w a t e r ,   or   w h o l l y  

o i l ,   or   a  w a t e r / o i l   e m u l s i o n   ( e . g .   6 0 / 4 0   or  9 5 / 5 ) .   T h e  

a l a r m   d e v i c e   18  may  e i t h e r   be  c u s t o m   d e s i g n e d   to  be  a n  

i n t e g r a l   p a r t   o f   m a c h i n e r y   t o   be  c o n t r o l l e d ,   or   i t  m a y   b e  

u s e d   as  a  u n i t   s e p a r a t e   t h e r e t o .   The  i l l u s t r a t e d   a l a r m   d e v i c e  

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

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

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

i t   may  be  u s e d   i n   any   o t h e r   s u i t a b l e   s i t u a t i o n s .  



1.  An  a l a r m   d e v i c e   c o m p r i s i n g   an  a l a r m   and  c o n t r o l  

means   a d a p t e d   to  i n h i b i t   f l o w   of   h y d r a u l i c   p r e s s u r e  

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

a f t e r   t h e   a l a r m   has   b e e n   a c t u a t e d ,   b o t h   t h e   a l a r m   a n d  

t h e   c o n t r o l   means   b e i n g   a r r a n g e d   to   be  a c t u a t e d   b y  

h y d r a u l i c   p r e s s u r e   f l u i d .  

2.  An  a l a r m   d e v i c e   a c c o r d i n g   to   C l a i m   1,  w h e r e i n  

t h e   a l a r m   is   e l e c t r i c a l l y   d r i v e n ,   t h e   d e v i c e   i n c l u d i n g  

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

to  e l e c t r i c a l   e n e r g y .  

3.  An  a l a r m   d e v i c e   a c c o r d i n g   to   C l a i m   1,  w h e r e i n  

t h e   a l a r m   is  d r i v e n   d i r e c t l y   by  h y d r a u l i c   p r e s s u r e   f l u i d .  

4.  An  a l a r m   d e v i c e   a c c o r d i n g   to  C l a i m   1,  2  or  3 ,  

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

h a v i n g   a  s p r i n g - b i a s s e d   p i s t o n   t h e r e i n ,   and  s a i d   d e l a y  

p e r i o d   is  d e f i n e d   by  t h e   t i m e   t a k e n   f o r   s a i d   p i s t o n   t o  

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

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

5.  An  a l a r m   d e v i c e   a c c o r d i n g   to   C l a i m   4,  w h e r e i n  

t he   c o n t r o l   means   is  a r r a n g e d   to   b u i l d - u p   h y d r a u l i c  

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

p e r i o d ,   u n t i l   t he   p r e s s u r e   r e a c h e s   a  l i m i t   v a l u e   at   w h i c h  

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

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

6.  An  a l a r m   d e v i c e   a c c o r d i n g   t o ' C l a i m   4  or  5,  w h e r e i n  
t he   c o n t r o l   means   c o m p r i s e s   at   l e a s t   one  c o n t r o l   v a l v e  

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



7.  An  a l a r m   d e v i c e   a c c o r d i n g   to  C l a i m   6,  w h e r e i n  

one  c o n t r o l   v a l v e   i s   o p e r a t i v e   to  c o n t r o l   a  ma in   f l o w  

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

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

p r e s s u r e   in  t h e   d e v i c e   e x c e e d s   a  l i m i t   v a l u e ,   and  a t  

l e a s t   one  o t h e r   c o n t r o l   v a l v e   is   o p e r a t i v e   to  c o n t r o l  

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

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

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

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

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

a r r a n g e d   to   be  d r i v e n   by  t h e   h y d r a u l i c   m o t o r   and  i s  

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

9.  An  a l a r m   u n i t   a c c o r d i n g   to  C l a i m   8,  a r r a n g e d   t o  

e m i t   an  a l a r m   s i g n a l   p r i o r   to  s t a r t - u p   of   m a c h i n e r y .  

10.  An  a l a r m   u n i t   or  d e v i c e   a c c o r d i n g   to  a n y  

p r e c e d i n g   c l a i m ,   w h e r e i n   t h e   a l a r m   is   a u d i b l e .  

11.  An  a l a r m   u n i t   or  d e v i c e   a c c o r d i n g   to  a n y  

p r e c e d i n g   c l a i m ,   w h e r e i n   t he   a l a r m   is  v i s u a l .  

12.  An  a l a r m   u n i t   or   d e v i c e   a c c o r d i n g   to  a n y  

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

h o u s i n g .  

13.  An  a l a r m   u n i t   or  d e v i c e   a c c o r d i n g   to  a n y  

p r e c e d i n g   c l a i m ,   b e i n g   c o n s t r u c t e d   as  a  s e l f - c o n t a i n e d  

u n i t .  

14.  An  a l a r m   u n i t   or   d e v i c e   a c c o r d i n g   to  C l a i m   1 3 ,  

b e i n g   p o r t a b l e .  



15.  An  a l a r m   u n i t   or  d e v i c e   a c c o r d i n g   to   a n y  o n e  

of   C l a i m s   1  to   12  when  b u i l t   i n t o   m a c h i n e r y .  

16.  M a c h i n e r y   p r o v i d e d   w i t h   an  a l a r m   u n i t  

or  d e v i c e   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m .  

17.  M a c h i n e r y   a c c o r d i n g   to  C l a i m   16,  b e i n g  

m i n i n g   m a c h i n e r y .  
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