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Method  and  device  for  the  detection  of  an  end  breakage 
by  detecting  a  fiber  floating  and  moving  in  the  pneumatic 
main  duct  of  a  fine  spinning  frame.  The  output  of  a  photocell 
(18)  detecting  scattered  light  via  a  fiber  crossing  an  optical 
beam  formed  at  a  predetermined  position  in  a  pneumatic 
main  duct  (2)  is  converted  into  a  voltage  pulse,  which  is  then 
amplified,  and  only  voltage  pulses  higher  than  a  predeter- 
mined  value  are  produced,  and  are  integrated  over  a 
predetermined  period  of  time.  When  the  integrated  value 
exceeds  a  set  value,  it  is  regarded  to  be  the  occurrence  of 
an  end  breakage,  and  an  identification  signal  is  generated. 



TECHNICAL  F I E L D  

T h i s   i n v e n t i o n   r e l a t e s   to   a  m e t h o d   and  an  a p p a r a t u s  

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

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

b r e a k a g e   by  d e t e c t i n g   f i b e r s   f l o a t i n g   f o r w a r d   in  a  

p n e u m a t i c   d u c t   when  y a r n   b r e a k a g e   o c c u r s   in  t h e   s p i n n i n g  
f r a m e .  

BACKGROUND  ART 

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

upon   t h e   y a r n   m o v i n g   b e t w e e n   a  f r o n t   r o l l e r   and  a  s n a i l  

w i r e   in   t h e   s p i n n i n g   f r a m e   and  to   d e t e c t   t h e   e x i s t e n c e  

of  t h e   y a r n   in  t h e   l i g h t   by  a  p h o t o c e l l .   Fo r   e x a m p l e ,  

J a p a n e s e   E x a m i n e d   P a t e n t   P u b l i c a t i o n   (Kokoku)   No.  4 8 - 2 5 6 9  

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

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

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

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

d e t e c t e d   a l o n g   w i t h   m o v e m e n t   of  t h e   m o v i n g   u n i t .  

M e t h o d s   of  d e t e c t i n g   y a r n   b r e a k a g e   o t h e r   t h a n  

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

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

s p i n n i n g   u s i n g   a  s n a i l   w i r e   a n d ,   as  d i s c l o s e d   in  J a p a n e s e  

E x a m i n e d   P a t e n t   P u b l i c a t i o n   No.  4 8 - 4 8 9 4 ,   d e t e c t i o n   o f  

y a r n   b r e a k a g e   by  p r o v i d i n g   a  l e v e r   e q u i p p e d   w i t h   a  s n a i l  

w i r e   a t   one  end  and  e q u i p p e d   w i t h   a  l i g h t   e n e r g y   a b s o r b -  

i n g   member   a t   t h e   o t h e r   end  and  by  a b s o r b i n g   t h e   l i g h t  

f l o w i n g   a l o n g   t h e   f r o n t   of  t h e   s p i n n i n g   f r a m e   when  y a r n  

b r e a k a g e   and  l o s s   of   s u p p o r t   by  t h e   s n a i l   w i r e   c a u s e   t h e  

l e v e r   to   s w i n g   and  t h e   l i g h t   e n e r g y   a b s o r b i n g   member   t o  

move  d o w n w a r d .  

F u r t h e r ,   J a p a n e s e   E x a m i n e d   P a t e n t   P u b l i c a t i o n  



No.  4 9 - 3 8 3 7 2   d i s c l o s e s   a  m e t h o d   a r r a n g i n g   a  y a r n   b r e a k a g e  

s e n s i n g   member   to   t r a v e l   a t   t h e   f r o n t   of   t h e   s p i n n i n g  

f r a m e   or   o t h e r   t e x t i l e   m a c h i n e   a t   a  c o n s t a n t   s p e e d   a n d  

d e t e c t i n g   y a r n   b r e a k a g e   by  w h e t h e r   or   n o t   y a r n   c o n t a c t s  

t h e   s e n s i n g   member   when  t h e   s e n s i n g   member   t r a v e l s   a l o n g  

t h e   f r a m e   of  t h e   t e x t i l e   m a c h i n e .  

T h e s e   known  m e t h o d s   f o r   d e t e c t i n g   y a r n   b r e a k a g e  

e i t h e r   d e t e c t   y a r n   b r e a k a g e   by  means   of   a  member   c o n -  

t a c t i n g   a  y a r n   d u r i n g   s p i n n i n g   or  d e t e c t   t h e   same  w i t h o u t  

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

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

b e t w e e n   f r a m e s   of  t h e   s p i n n i n g   f r a m e s .   Use  of  a  m e m b e r  

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

i n c r e a s i n g   y a r n   b r e a k a g e   by  t h e   y a r n   b r e a k a g e   d e t e c t i o n  

o p e r a t i o n .   A l s o ,   u se   of   a  m o v i n g   u n i t   makes   i t   p o s s i b l e  

to   d e t e c t   y a r n   b r e a k a g e   of   o n l y   s p i n d l e s   in  f r o n t   of  t h e  

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

r e q u i r e d .  

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

J a p a n e s e   U n e x a m i n e d   P a t e n t   P u b l i c a t i o n   No.  5 7 - 7 7 3 2 8 ,   a  

m e t h o d   f o r   d e t e c t i n g   y a r n   b r e a k a g e   by  p r o j e c t i n g   l i g h t  

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

b r a n c h i n g   f rom  t h e   d u c t   and  c o n n e c t i n g   to   a  f l u t e   a n d  

r e c e i v i n g   by  a  l i g h t   r e c e i v i n g   d e v i c e   t h e   l i g h t   r e f l e c t e d  

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

p r o j e c t e d   l i g h t   a n d ,   f o r   e x a m p l e ,   in   J a p a n e s e   U n e x a m i n e d  

P a t e n t   P u b l i c a t i o n   No.  5 7 - 7 7 3 2 9 ,   a  m e t h o d   f o r   d e t e c t i n g  

y a r n   b r e a k a g e   by  h a v i n g   l i g h t   r e f l e c t e d   due  to  t h e  

p r o j e c t e d   l i g h t   r e c e i v e d   by  a  l i g h t   r e c e i v e r   and  d e -  

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

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

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

b r e a k a g e   o c c u r s .   H o w e v e r ,   t h e s e   m e t h o d s   a r e   s a i d   t o  

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

s t i l l   n o t   r e a c h e d   t h e   p r a c t i c a l   s t a g e .  
DISCLOSURE  OF  THE  INVENTION 

I t   i s   an  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   to   o v e r c o m e  



t h e   d r a w b a c k s   of  t h e   known  m e t h o d s   and  to   p r o v i d e   a  

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

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

f r a m e .  

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

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

s p i n n i n g   f r a m e   and  d e t e c t i n g   t h e   l i g h t   s c a t t e r e d   by  t h e  

f i b e r s   by  a  p h o t o e l e c t r i c a l   e l e m e n t .  

N a m e l y ,   t h e   e s s e n t i a l   t e c h n i c a l   i d e a   of  t h e   m e t h o d  

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

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

beam  e m i t t e d   f rom  a  l i g h t   p r o j e c t o r   a t   a  p r e d e t e r m i n e d  

p o s i t i o n   in  a  p n e u m a t i c   ma in   d u c t   a n d ,   when  f i b e r s  

p a s s i n g   t r a n s v e r s e l y   t h r o u g h   t h e   l i g h t   beam  e x i s t ,   t o  

d e t e c t   l i g h t   s c a t t e r e d   by  t h e   f i b e r s   as  e l e c t r i c a l   p u l s e  

s i g n a l s   by  a  p h o t o - e l e c t r i c a l   s y s t e m   and  r e c o g n i z e   t h e  

e l e c t r i c a l   p u l s e   s i g n a l s   as  y a r n   b r e a k a g e   when  s u c -  

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

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

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

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

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

One  n e c e s s a r y   c o n d i t i o n   f o r   a  p r a c t i c a l   a p p a r a t u s  
i s   r e l i a b i l i t y   of  o p e r a t i o n   as  a  d e t e c t i o n   d e v i c e .   A t  

i s s u e   w i t h   t h i s   t y p e   a p p a r a t u s   i s   w h e t h e r   i t   can   r e l i a b l y  

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

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

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

o c c u r r e d   due  to   y a r n   b r e a k a g e   or  n o t .   I f   i t   c a n n o t  

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

t h e   p r e s e n t   i n v e n t i o n   w o u l d   n o t   be  p r a c t i c a l .   From  t h i s  

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

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

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  an  a p p a r a t u s   f o r  



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

f r a m e ;  

F i g u r e   2  i s   a  c r o s s - s e c t i o n a l   v i e w   of  a  d e t e c t i n g  
d e v i c e   of  t h e   a p p a r a t u s   f o r   d e t e c t i n g   y a r n   b r e a k a g e  
m o u n t e d   in   a  c r o s s - s e c t i o n a l   p l a n e   of   a  p n e u m a t i c   d u c t ;  

F i g u r e   3  i s   a  b l o c k   d i a g r a m   of  t h e   e s s e n t i a l  

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

b r e a k a g e ;  

F i g u r e   4A  i s   a  d i a g r a m   of  t h e   o u t p u t   w a v e f o r m   of  a n  

a m p l i f i e r   2 1 ;  

F i g u r e   4B  i s   a  d i a g r a m   of  an  o u t p u t   w a v e f o r m   o f  

c o m p a r a t o r   2 2 ;  

F i g u r e   4C  i s   a  d i a g r a m   of  an  o u t p u t   w a v e f o r m   of  a n  

i n t e g r a t i o n   c i r c u i t ;  

F i g u r e   5  i s   a  b l o c k   d i a g r a m   of   a  p r a c t i c a l   e l e c t r i c  

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

a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ;   a n d  

F i g u r e s   6A,  6B,  6C,  6D,  6E,  6F,  6G,  6H,  and  6I  a r e  
w a v e f o r m   d i a g r a m s   of   w a v e f o r m s   of   e l e c t r i c a l   s i g n a l s  

a p p e a r i n g   a t   p o i n t s   A,  B,  C,  D,  E,  F,  G,  H,  and  I  of   t h e  

e l e c t r i c a l   c i r c u i t   i l l u s t r a t e d   in   F i g .   5,  r e s p e c t i v e l y .  

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

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

t i o n ,   t h e   e s s e n t i a l   t e c h n i c a l   i d e a   b e h i n d   t h e   m e t h o d   a n d  

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

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

r e f e r e n c e   to   t h e   a t t a c h e d   d r a w i n g s .  

A  s p i n n i n g   f r a m e   i s   u s u a l l y   p r o v i d e d   w i t h   a  p n e u -  
m a t i c   d e v i c e   to   s u c k   up  and  h o l d   f l e e c e   g e n e r a t e d   a l o n g  

w i t h   y a r n   b r e a k a g e .   As  shown  s c h e m a t i c a l l y  i n   F i g .   1 ,  

t h e   p n e u m a t i c   d e v i c e   i s   c o m p r i s e d   of  p n e u m a t i c   f l u t e s   3 

e q u i p p e d   w i t h   s u c t i o n   h o l e s   c o r r e s p o n d i n g   to   t h e   s p i n d l e s  

of   t h e   s p i n n i n g   f r a m e ,   p n e u m a t i c   d u c t s   2  f o r   t r a n s p o r t i n g  

t h e   a i r   and  t h e   f l e e c e   f rom  t h e   p n e u m a t i c   f l u t e ,   and  a  

c a s e   a c c o m m o d a t i n g   a  p n e u m a t i c   s u c t i o n   d e v i c e   1  c o n -  

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



f rom  t h e   d u c t   and  a  s u c t i o n   f a n .  

The  p n e u m a t i c   d u c t   2  i s   i l l u s t r a t e d   in   F i g .   1  a s  

two  u n i f o r m - s h a p e   d u c t s .   Each   p n e u m a t i c   d u c t   2,  h o w e v e r ,  

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

a r e a   f rom  t h e   p o s i t i o n   f a r t h e s t   f rom  t h e   s u c t i o n   f an   t o  

t h e   p o s i t i o n   c l o s e s t   to   t h e   s u c t i o n   f a n   so  as  to   a c h i e v e  

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

p a s s i n g   in  t h e   d u c t .   F u r t h e r ,   w h i l e   one  p n e u m a t i c   d u c t  

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

n e a r   to   t h e   p n e u m a t i c   s u c t i o n   d e v i c e   c a s e   1,  i . e . ,   a  

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

j o i n e d   i n t o   one  j u s t   in  f r o n t   of  t h e   c a s e   1  f o r   c o n -  

n e c t i o n   w i t h   t h e   c a s e   1 .  

The  a p p a r a t u s   f o r   d e t e c t i n g   y a r n   b r e a k a g e   i n  

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

d e t e c t i n g   u n i t   10  of  t h e   d e t e c t i n g   d e v i c e   and  a  p a n e l  

box  4  h o u s i n g   e l e c t r i c a l   c i r c u i t s .   The  p a n e l   box  4  i s  

p r o v i d e d   w i t h   l amps   f o r   i n d i c a t i n g   y a r n   b r e a k a g e .  

As  i l l u s t r a t e d   in   F i g .   1,  t h e   d e t e c t i n g   u n i t   10  o f  

t h e   d e t e c t i n g   d e v i c e   i s   a r r a n g e d   on  an  end  p o r t i o n  

a d j a c e n t   to   t h e   c a s e   1  of  t h e   p n e u m a t i c   d u c t   2.  A s  

i l l u s t r a t e d   in  F i g .   2,  t h e   d e t e c t i n g   u n i t   10  i s   c o m -  

p r i s e d   of  a  l i g h t   p r o j e c t o r   12  and  a  l i g h t   c o l l e c t o r   1 6 .  

The  l i g h t   p r o j e c t o r   12  and  t h e   l i g h t   c o l l e c t o r   16  a r e  

f i x e d   on  an  a t t a c h i n g   member   11  of  t h e   d e t e c t i n g   d e v i c e  

a f t e r   b e i n g   a d j u s t e d   in   i n c l i n e d   a n g l e s   so  t h a t   t h e  

f o c u s   of  t h e   l i g h t   c o l l e c t o r   16  s u b s t a n t i a l l y   m a t c h e s  

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

In  t h i s   c a s e ,   to   i n c r e a s e   t h e   s e n s i t i v i t y   of  t h e   l i g h t  

c o l l e c t o r   16,  i t   i s   p r e f e r a b l e   to   a r r a n g e   t h e   l i g h t  

p r o j e c t o r   12  and  t h e   l i g h t   c o l l e c t o r   16  so  t h a t   t h e  

f o c u s   of  t h e   i n c i d e n t   l i g h t   f rom  t h e   l i g h t   p r o j e c t o r   12 

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

t h e   l i g h t   c o l l e c t o r   16.  A t t a c h m e n t   of  t h e   d e t e c t i n g  

u n i t   10  to   t h e   p n e u m a t i c   d u c t   2  i s   a c h i e v e d   by  f i x i n g  

t h e   a t t a c h i n g   member   11  to  t h e   p n e u m a t i c   d u c t   2  by  m e a n s  

of  b o l t s   or   o t h e r   s u i t a b l e   m e a n s .   To  f a c i l i t a t e   a l i g n -  



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

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

l i g h t   p r o j e c t o r   12  and  t h e   a t t a c h i n g   member   11  a n d  

b e t w e e n   t h e   l i g h t   c o l l e c t o r   16  and  t h e   a t t a c h i n g   m e m b e r  

11  an  a n g l e   a d j u s t i n g   and  f i x i n g   member   c a p a b l e   o f  

a d j u s t i n g   f r e e l y   and  f i x i n g   t h e   a n g l e   b e t w e e n   t h e   l i g h t  

p r o j e c t o r   12  and  t h e   l i g h t   c o l l e c t o r   1 6 .  

I t   i s   a l s o   p o s s i b l e   to   a t t a c h   i n d i v i d u a l l y   a n d  

d i r e c t l y   t h e   l i g h t   p r o j e c t o r   12  and  t h e   l i g h t   c o l l e c t o r  

16  to   t h e   p n e u m a t i c   ma in   d u c t .   In  t h i s   c a s e ,   i t   i s   a l s o  

p r e f e r a b l e   to   i n s e r t   an  a n g l e   a d j u s t i n g   and  f i x i n g  

member   b e t w e e n   t h e   l i g h t   p r o j e c t o r   12  and  t h e   p n e u m a t i c  

d u c t   and  b e t w e e n   t h e   l i g h t   c o l l e c t o r   16  and  t h e   p n e u -  
m a t i c   d u c t .  

The  l i g h t   p r o j e c t o r   12  has   a  l i g h t   s o u r c e   14  and  a  

p r o j e c t i o n   l e n s   13  c o l l e c t i n g   l i g h t   e m i t t e d   f rom  t h e  

l i g h t   s o u r c e   14.  The  l i g h t   s o u r c e   14  i s   c o n n e c t e d  

t h r o u g h   a  l e a d   w i r e   15  to   a  p o w e r   s u p p l y   3 0 .  

The  l i g h t   c o l l e c t o r   16  has   a  l i g h t   c o l l e c t i g  

l e n s   17  c o l l e c t i n g   l i g h t   s c a t t e r e d   f rom  t h e   f i b e r s  

r e f l e c t i n g   t h e   i n c i d e n t   l i g h t   and  has   a  p h o t o c e l l   18 

c o n n e c t e d   t h r o u g h   a  l e a d   w i r e   19  to   an  e l e c t r i c   c i r c u i t  

h o u s e d   in  t h e   p a n e l   box  4.  As  i l l u s t r a t e d   in  F i g .   3 ,  

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

c i r c u i t   21 ,   a  c o m p a r a t o r   c i r c u i t   22 ,   an  i n t e g r a t i o n  

c i r c u i t   23,   and  a  c o m p a r a t o r   c i r c u i t   24.   A  p r e d e t e r -  

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

s u p p l i e d   to   t h e   c o m p a r a t o r   c i r c u i t   24.  For   t h e   c o n -  

v e n i e n c e   of  e x p l a n a t i o n ,   t h e   e l e c t r i c   c i r c u i t   w i l l   b e  

c a l l e d   an  a m p l i f i c a t i o n ,   c o m p a r i s o n ,   and  j u d g e m e n t  
c i r c u i t   20  (ACJ  c i r c u i t   20)  h e r e i n a f t e r .   As  i l l u s t r a t e d  

in  F i g .   3,  an  o u t p u t   of  t h e   ACJ  c i r c u i t   20  i s   c o n n e c t e d  

to  an  a l a r m   c i r c u i t   25  h a v i n g   an  a l a r m   R .  

V a r i o u s   d e v i c e s   may  be  u s e d   f o r   t h e   a l a r m   R  of  t h e  

a l a r m   c i r c u i t   25.  Fo r   e x a m p l e ,   as  i l l u s t r a t e d   i n  

F i g .   1,  an  a l a r m   i n d i c a t i n g   lamp  a r r a n g e d   on  an  end  o f  

t h e   f r a m e   in   t h e   s p i n n i n g   f r a m e   may  be  u s e d   as  t h e  



a l a r m .  

An  a l a r m   i n d i c a t i n g   lamp  i s   c o n v e n i e n t   f o r   i n f o r m i n g  

o p e r a t o r s   a t   p o s i t i o n s   f a r   f rom  t h e   s p i n n i n g   f r a m e s   o f  

t h e   e x i s t e n c e   of  s p i n n i n g   f r a m e s   w i t h   y a r n   b r e a k a g e .  

F u r t h e r ,   a  b l i n k i n g   t y p e   a l a r m   i n d i c a t i n g   lamp  i s   u s e f u l  

f o r   i n f o r m i n g   o p e r a t o r s   of  t h e   e x i s t e n c e   of   s p i n n i n g  

f r a m e s   w i t h   y a r n   b r e a k a g e   more  s p e e d i l y .   F u r t h e r ,  

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

p l u r a l i t y   of  s p i n n i n g   f r a m e s   in   a  s p i n n i n g   room  in  a  

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

m o n i t o r i n g   of  t h e   y a r n   b r e a k a g e   s i t u a t i o n   of  t h e   s p i n n i n g  

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

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

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

s p i n n i n g   f r a m e s   and  m a n a g i n g   t h e   s a m e .  

The  a l a r m   u s e d   may  a l s o   be  a  b u z z e r   or  a  b u z z e r  

w i t h   an  a l a r m   i n d i c a t i n g   l a m p .   When  t h e r e   a r e   o n l y   a  

few  y a r n   b r e a k a g e   i n d i c a t i o n s   a n d ,   t h e r e f o r e ,   t h e r e   a r e  

o n l y   r e l a t i v e l y   few  o p e r a t o r s   in   t h e   s p i n n i n g   room,   t h e  

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

The  g i s t   of  t h e   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n .  

w i l l   b e c o m e   c l e a r   by  t h e   f o l l o w i n g   e x p l a n a t i o n   of  t h e  

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

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

i l l u s t r a t e d   in  F i g .   1,  F i g .   2,  and  F i g .   3.  N a m e l y ,   t h e  

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

i n v e n t i o n   i s   as  f o l l o w s .  

When  y a r n   b r e a k s ,   f l e e c e   i s   d e l i v e r e d   f rom  a  d r a f t  

p a r t   c o r r e s p o n d i n g   to  t h e   y a r n   b r e a k a g e   s p i n d l e .   T h e  

f l e e c e   i s   s u c k e d   f rom  a  h o l e   3  i n t o   t h e   p n e u m a t i c   f l u t e  

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

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

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

s h o w n ) .  

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

d e t e c t i n g   y a r n   b r e a k a g e ,   w h i c h   a p p a r a t u s   i s ,   as  i l l u s -  



t r a t e d   in   F i g .   1,  a r r a n g e d   a t   a  p o s i t i o n   in   t h e   p n e u -  
m a t i c   ma in   d u c t   a d j a c e n t   to   t h e   p n e u m a t i c   s u c t i o n   d e v i c e  

c a s e   1,  i s   d i s p e r s e d   i n t o   a  p l u r a l i t y   of  f i b e r s   40  o r  
f i b e r   g r o u p s   c o n s i s t e d   of  a  p l u r a l i t y   of   f i b e r s   ( c a l l e d  

s i m p l y   " f i b e r s   40"  h e r e i n a f t e r )   by  an  a i r   s t r e a m   p a s s i n g  
i n s i d e   t h e   d u c t ,   as  i l l u s t r a t e d   in   F i g .   2,  and  f l o a t s  

f o r w a r d   in   t h e   d u c t .  

When  l i g h t   i s   i n c i d e n t e d   by  t h e   l i g h t   p r o j e c t o r   12  

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

f i b e r s   40  a r e   i r r e g u l a r l y   d i s t r i b u t e d ,   t h e   l i g h t   i s  

s c a t t e r e d   by  t h e   f i b e r s   a n d ,   v i e w e d   in  t h e   d i r e c t i o n  

i n c l i n e d   w i t h   r e s p e c t   to   t h e   d i r e c t i o n   of   t h e   i n c i d e n t  

l i g h t ,   t h e   p a s s a g e   of  t h e   i n c i d e n t   l i g h t   may  be  s e e n   a s  

f l i c k e r i n g .   The  p h o t o c e l l   18  of  t h e   l i g h t   c o l l e c t o r   1 6 ,  

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

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

f l i c k e r   of  t h e   l i g h t   beam  of  t h e   i n c i d e n t   l i g h t   due  t o  

t h e   s c a t t e r i n g   of   t h e   l i g h t   beam  by  t h e   f i b e r s ,   i . e . ,  

due  to   t h e   T y n d a l l   e f f e c t .  

When  t h e r e   i s   no  y a r n   b r e a k a g e   and  t h e r e   i s   o n l y   a  

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

d u c t   2,  t h e   f r e q u e n c y   of  p u l s e   g e n e r a t i o n   i s   low,   a s  

i l l u s t r a t e d   in  t h e   t i m e   t 0 1   of   F i g .   4B.  H o w e v e r ,   w h e n  

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

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

i l l u s t r a t e d   in   t h e   t i m e   tb   of  F i g .   4B.  On  t h e   o t h e r  

h a n d ,   when  t h e   y a r n   b r e a k a g e   i s   c o r r e c t e d   and  t h e  

q u a n t i t y   of  f i b e r   f l o a t i n g   in   t h e   p n e u m a t i c   d u c t   2 

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

d e c r e a s e s ,   as  i l l u s t r a t e d   in   t h e   t i m e   t 02   o f  F i g .   4 B .  

In  F i g .   4B,  t h e   v e r t i c a l   a x i s   r e p r e s e n t s   t h e   i n t e n s i t y  

(V)  of   p u l s e   ( V o l t a g e )   and  t h e   h o r i z o n t a l   a x i s   r e p r e s e n t s  
t h e   t i m e   ( T ) .  

The  p u l s e s   o u t p u t   f rom  t h e   p h o t o c e l l   18  a r e   s u p p l i e d  

t h r o u g h   t h e   l e a d   w i r e   19  to   t h e   ACJ  c i r c u i t   20.   T h e  

p u l s e s   p a s s   t h r o u g h   t h e   a m p l i f i c a t i o n   c i r c u i t   21  and  t h e  

c o m p a r a t o r   c i r c u i t   22  to   t h e   i n t e g r a t i o n   c i r c u i t   23  f o r  



i n t e g r a t i o n .   N a m e l y ,   when  y a r n   b r e a k s   and  n u m e r o u s  

f i b e r s   40  f l o a t   f o r w a r d   in  t h e   p n e u m a t i c   d u c t ,   t h e  

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

The  i n t e g r a t i o n   of  t h e   p u l s e s   by  u n i t   t i m e   t h e r e b y  

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

i n t e g r a t i o n   c i r c u i t   23.  When  t h e r e   i s   no  y a r n   b r e a k a g e ,  

no  r i s e   i s   o b t a i n e d   in   t h e   i n t e g r a t e d   v o l t a g e   l e v e l   i n  

t h e   i n t e g r a t i o n   c i r c u i t   2 3 .  

The  o u t p u t   s i g n a l   of  t h e   i n t e g r a t i o n   c i r c u i t   23  i s  

i n p u t   to  t h e   c o m p a r a t o r   c i r c u i t   24.  The  p r e d e t e r m i n e d  

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

s u p p l i e d   to   t h e   c o m p a r a t o r   c i r c u i t   24.  The  o u t p u t  

s i g n a l   f rom  t h e   i n t e g r a t i o n   c i r c u i t   23  and  t h e   s e t t i n g  

v o l t a g e   Vr  a r e   c o m p a r e d   a n d ,   when  t h e   v o l t a g e   l e v e l   o f  

t h e   o u t p u t   s i g n a l   i s   h i g h e r   t h a n   t h e   l e v e l   of  s e t t i n g  

v o l t a g e   Vr ,   t h e   a l a r m   c i r c u i t   25  i s   a c t i v a t e d .  

As  a p p a r e n t   f rom  t h e   a b o v e   d e s c r i p t i o n ,   when  y a r n  

b r e a k a g e   o c c u r s   s i m u l t a n e o u s l y   in   two  or   more   s p i n d l e s  

in  t h e   same  s p i n d l e   row  of  t h e   same  s p i n n i n g   f r a m e ,   t h e  

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

c o m p a r e d   w i t h   y a r n   b r e a k a g e   in  one  s p i n d l e .   T h e r e f o r e ,  

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

l a r g e   v a l u e   e n a b l e s   a d j u s t m e n t   of  t h e   a p p a r a t u s   so  t h a t  

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

b r e a k a g e   in  one  s p i n d l e ,   in   o t h e r   w o r d s ,   e n a b l e s   t h e  

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

s p i n d l e   y a r n   b r e a k a g e .   E x p e r i m e n t s   h a v e   s h o w n ,   h o w e v e r ,  

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

p o i n t   of  v i e w   of  m a i n t a i n i n g   y a r n   q u a l i t y   and  t h a t   d o i n g  

t h i s   d o e s   n o t   in  t h e   end  l e a d   to   an  i n c r e a s e   in  t h e  

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

The  m e t h o d   f o r   d e t e c t i n g   y a r n   b r e a k a g e   of  t h e  

p r e s e n t   a p p l i c a t i o n   i s   a l s o   c h a r a c t e r i z e d   by  p r o j e c t i n g  

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

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

c o l l e c t o r   and  c o n v e r t i n g   i t   i n t o   p u l s e   s i g n a l s ,   c o n -  



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

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

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

to   c o r r e s p o n d   to   c o n t r o l   t a r g e t   n u m b e r   of   y a r n   b r e a k a g e s ,  

a n d ,   when  t h e   i n t e g r a t e d   v a l u e   r e a c h e s   t h e   s t a n d a r d  

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

N e x t ,   a  p r a c t i c a l   a p p a r a t u s   f o r   d e t e c t i n g   y a r n  

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

F i g .   5 .  

B l o c k s   21,   22,   23,   24,   and  25  i l l u s t r a t e d   by  t h e  

c h a i n e d   l i n e s   in   F i g .   5  c o r r e s p o n d   to   c i r c u i t   b l o c k s   2 1 ,  

22,   23,   24,   and  25  of   F i g .   3.  B l o c k   26,   i . e . ,   a  c i r c u i t  

f o r   d e t e c t i n g   a b n o r m a l i t i e s   26  ( d e s c r i b e d   h e r e i n a f t e r )  

in  F i g .   5,  h o w e v e r ,   i s   n o t   i l l u s t r a t e d   in   F i g .   3 .  

B e l o w ,   t h e   o p e r a t i o n   of   t h e   c i r c u i t   in   F i g .   5  i s   d e s -  

c r i b e d   w i t h   r e f e r e n c e   to   w a v e f o r m   d i a g r a m s   in   F i g .   6A 

t h r o u g h   F i g .   6 I .   Now,  F i g .   6A  t h r o u g h   F i g .   6I  i l l u s -  

t r a t e   t h e   w a v e f o r m s   of   s i g n a l s   a p p e a r i n g   in   p o i n t s   A 

t h r o u g h   I  in   F i g .   5,  r e s p e c t i v e l y .  

(1)  An  o u t p u t   s i g n a l   (A)  f rom  t h e   p h o t o c e l l   18  i s  

s u p p l i e d   to   a  c a p a c i t o r   C1.  T h i s   o u t p u t   s i g n a l   f r o m  

t h e   p h o t o c e l l   18,   as  i l l u s t r a t e d   in  F i g .   6A,  c o n s i s t s   o f  

a  d i r e c t   c u r r e n t   c o m p o n e n t   and  an  a l t e r n a t i n g   c u r r e n t  

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

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

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

t h e   p h o t o c e l l   18,  w h i l e   t h e   a l t e r n a t i n g   c u r r e n t   c o m p o n e n t  

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

r e f l e c t e d   by  f l o a t i n g   f i b e r s .   T h e r e f o r e ,   t h e   d i r e c t  

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

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

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

T h e r f o r e ,   t h e   o u t p u t   s i g n a l   f r o m   t h e   p h o t o c e l l   18  i s  

s u p p l i e d   to   a  c a p a c i t o r   C1  to   e l i m i n a t e   t h e   u n n e c e s s a r y  
d i r e c t   c u r r e n t   c o m p o n e n t .   T h a t   i s ,   o n l y   t h e   a l t e r n a t i n g  

c u r r e n t   c o m p o n e n t   i s   o b t a i n e d ,   as  i l l u s t r a t e d   in   F i g .   6 B .  

(2)  The  p u l s e s   of   t h e   a l t e r n a t i n g   c u r r e n t   c o m p o n e n t  



f rom  t h e   c a p a c i t o r   C1  a r e   a m p l i f i e d   to  t h e   p r e d e t e r m i n e d  

l e v e l   in  t h e   a m p l i f i c a t i o n   c i r c u i t   21.  As  i l l u s t r a t e d  

in  t h e   d r a w i n g s ,   t h e   a m p l i f i c a t i o n   c i r c u i t   21  i s ,   f o r  

e x a m p l e ,   c o m p r i s e d   of  an  a m p l i f i e r   21 -1   and  a  b u f f e r  

a m p l i f i e r   2 1 - 2 .   The  o u t p u t   s i g n a l   f rom  t h e   a m p l i f i e r  

21 -1   and  t h e   o u t p u t   s i g n a l   f r o m   t h e   a m p l i f i e r   21 -2   h a v e  

t he   w a v e f o r m s   i l l u s t r a t e d   in  F i g .   6C  and  F i g .   6 D ,  

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

(3)  The  o u t p u t   p u l s e   s i g n a l   s e n t   o u t   f rom  t h e  

a m p l i f i c a t i o n   c i r c u i t   21  i s   s u p p l i e d   to   t h e   c o m p a r a t o r  

c i r c u i t   22.  As  i l l u s t r a t e d   in  F i g .   6D,  t h e   o u t p u t  

p u l s e s   f rom  t h e   a m p l i f i c a t i o n   c i r c u i t   21  e a c h   h a v e  

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

t h e   d i s t a n c e   b e t w e e n   t h e   f o c u s   of  t h e   l i g h t   c o l l e c t o r   16 

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

o p e r a t i o n .   To  e q u a l i z e   t h e   i r r e g u l a r i t y   of  a m p l i t u d e   o f  

t h e   o u t p u t   p u l s e s   due  to   t h e   a b o v e - m e n t i o n e d   f l u c t u a t i o n ,  

c o m p a r a t o r   c i r c u i t   22  c o r r e c t s   t h e   i r r e g u l a r i t y   o f  

a m p l i t u d e   i l l u s t r a t e d   in  F i g .   6D  to   p r o d u c e   o u t p u t  

p u l s e s   of  a  u n i f o r m   a m p l i t u d e   as  i l l u s t r a t e d   in  F i g .   6 E .  

Now,  t h e   c o m p a r a t o r   c i r c u i t   22  can   a l s o   s i m u l t a n e o u s l y  

e l i m i n a t e   n o i s e   and  o t h e r   n e e d l e s s   s i g n a l s .   N a m e l y ,   t h e  

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

v o l t a g e   V1.  The  c o m p a r a t o r   c i r c u i t   22  o u t p u t s   u n i f o r m l y  

a l l   p u l s e s   o v e r   t h e   l e v e l   of  s e t t i n g   v o l t a g e   V1  a s  

c o n s t a n t   a m p l i t u d e   p u l s e s ,   as  i l l u s t r a t e d   in  F i g .   6 D ,  

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

t h e   l e v e l   of  V1.  A c c o r d i n g l y ,   o u t p u t   p u l s e s   h a v i n g   a  
u n i f o r m   a m p l i t u d e   and  f r e e   of  n o i s e ,   as  i l l u s t r a t e d   i n  

F i g .   6E,  a r e   o b t a i n e d .  

(4)  The  o u t p u t   p u l s e s   f r o m   t h e   c o m p a r a t o r   c i r c u i t  

22  a r e   s u p p l i e d   to   t h e   i n t e g r a t i o n   c i r c u i t   23  f o r  

i n t e g r a t i o n .   As  d e s c r i b e d   h e r e i n b e f o r e ,   t h e   i n t e g r a t e d  

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

p u l s e s .   The  i n t e g r a t i o n   c i r c u i t   23  c o n s i s t s   of  a  

s o - c a l l e d   CR  i n t e g r a t i o n   c i r c u i t   and  has   i n t e g r a t i o n  

t i m e   c o n s t a n t s   d e t e r m i n e d   by  C2  and  R4.  F i g u r e   6F  



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

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

In  t h i s   way,   s e l e c t i o n   of   t h e   t i m e   c o n s t a n t s  

of   t h e   i n t e g r a t i o n   c i r c u i t   e n a b l e s  a n   i n t e g r a t e d   v o l t a g e  
l e v e l   of   a  v a l u e   p r o p o r t i o n a l   to   as  low  as  one  y a r n  

b r e a k a g e .   T h e r e f o r e ,   t h i s   v a l u e   can   be  u s e d   to   d e t e c t  

o c c u r r e n c e   of  y a r n   b r e a k a g e .   In  a c t u a l i t y ,   h o w e v e r ,  

t h e r e   i s   t h e   f o l l o w i n g   p r o b l e m .   W i t h   r e f e r e n c e   t o  

F i g .   2,  in   t h e   p n e u m a t i c   d u c t   2,  t h e   f o c u s   of  l i g h t  

c o l l e c t o r   16  i s   c o n v e r g e d   i n t o   one  p o i n t   and  f l o a t i n g  

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

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

by  t h e   f l o a t i n g   f i b e r s   p a s s i n g   t h r o u g h   t h e   one  p o i n t .  

T h e r e f o r e ,   i f   t h e r e   a r e   f l o a t i n g   f i b e r s ,   b u t   t h e   q u a n t i t y  

of   f i b e r s   to   be  r e p r e s e n t e d   i s   f ew,   a  v a l l e y   p o r t i o n   a s  

i n d i c a t e d   by  P  in   F i g .   6F  a p p e a r s .   C o n s e q u e n t l y ,   t h e  

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

f o r   s o l v i n g   t h e   p r o b l e m   may  be  to   s e t   l a r g e r   t i m e   c o n -  

s t a n t s   C2·R4  in   t h e   i n t e g r a t i o n   c i r c u i t   23,   n a m e l y  

to  u s e   t i m e   c o n s t a n t s   h a v i n g   a  s l o w   c u r v e   in   w h i c h   n o  

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

to  r i s e .   H o w e v e r ,   t h i s   m e t h o d   c o n v e r s e l y   has   t h e   p r o b l e m  

of   d e l a y e d   r e s p o n s e   t i m e ,   m a k i n g   s p e e d y   d e t e c t i o n   o f  

y a r n   b r e a k a g e   i m p o s s i b l e .  

(5)  T h e r e f o r e ,   in   t h e   c o m p a r a t o r   c i r c u i t   24  o f  

F i g .   5,  a  c o m p a r a t o r   2 4 - 1   and  a  c o m p a r a t o r   24-2   a r e  

i n t r o d u c e d   and  a  f l i p - f l o p   24-3   i s   p r o v i d e d   d o w n s t r e a m  

of   t h e   same.   The  c o m p a r a t o r   2 4 - 1   and  t h e   c o m p a r a t o r  

24-2   a r e   g i v e n   a  s e t t i n g   v o l t a g e   Vr1  and  a  s e t t i n g  

v o l t a g e   V r 2 ,   r e s p e c t i v e l y .   The  l e v e l   of  Vr1  a n d  

Vr2  a r e   i n d i c a t e d   in  F i g .   6F.  V r l   i s   t h e   s o - c a l l e d  

l o w e r   l i m i t   l e v e l ,   and  Vr2  i s   t h e   s o - c a l l e d   u p p e r  
l i m i t   l e v e l .   N a m e l y ,   i n t e g r a t e d   v o l t a g e s   o v e r   V r 2  
c a u s e   i s s u a n c e   of  an  a l a r m   i n d i c a t i n g   t h e   o c c u r r e n c e   o f  

y a r n   b r e a k a g e ,   w h i l e   i n t e g r a t e d   v o l t a g e s   u n d e r   V r l  
c a u s e   c u t - o f f   of  t h e   a l a r m .   T h i s   i s   t h e   s o - c a l l e d  

h y s t e r e s i s   c h a r a c t e r i s t i c   and  p r e v e n t s   e r r o n e o u s   t e r -  



m i n a t i o n   of  t h e   a l a r m   by  o c c u r r e n c e   of  t h e   V a l l e y   P .  

S i n c e   t h e   f l i p - f l o p   24-3   i s   s e t   when  t h e   i n t e g r a t e d  

v o l t a g e   r i s e s   o v e r   Vr2  and  i s   r e s e t   when  t h e   i n t e g r a t e d  

v o l t a g e   d r o p s   u n d e r   V r 1 ,   t h e   o u t p u t   of  t h e   f l i p - f l o p  

24-3   b e c o m e s   as  i l l u s t r a t e d   in   F i g .   6G  and  t h e   a l a r m   i s  

m a i n t a i n e d   in  s p i t e   of  t h e   o c c u r r e n c e   of   t h e   V a l l e y   P 

(as  i l l u s t r a t e d   in  F i g .   6 F ) .   T h i s   a l a r m   s i g n a l   d r i v e s  

t h e   a l a r m   c i r c u i t   25  to   a c t i v a t e   an  a l a r m   d e v i c e   ( n o t  

i l l u s t r a t e d   in  d r a w i n g s ) .  

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

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

d e t e c t i n g   y a r n   b r e a k a g e .  

(6)  Some  o u t p u t   or  a n o t h e r   a l w a y s   a p p e a r s   a t  

p o i n t   E  of  F i g .   5.  T h i s   i s   b e c a u s e   some  f l o a t i n g   f i b e r s  

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

y a r n   b r e a k a g e .   Seen   f rom  a n o t h e r   v i e w p o i n t ,   t h i s   m e a n s  
t h e   a b s e n c e   of  some  o u t p u t   a t   p o i n t   E  w o u l d   be  a b n o r m a l .  

For   e x a m p l e ,   c u t - o f f   of  t h e   lamp  of  t h e   l i g h t   p r o j e c t o r  

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

p o i n t   E,  or  o t h e r   a b n o r m a l i t i e s   may  c a u s e   a  d r o p   in  t h e  

v o l t a g e   a t   p o i n t   E.  D e t e c t i o n   of  t h i s   t y p e   of  a b n o r -  

m a l i t y   i s   done   by  an  a b n o r m a l i t y   d e t e c t i n g   c i r c u i t   2 6 ,  
in  w h i c h   t h e   v o l t a g e   a t   p o i n t   E  i s   s u c c e s s i v e l y   k e p t   a t  

a  c a p a c i t o r   C3.  T h e s e   c i r c u m s t a n c e s   a r e   i l l u s t r a t e d  

in  F i g .   6H.  I f   an  a b n o r m a l i t y   o c c u r s ,   t h e   c a p a c i t o r   C3 
b e g i n s   to  d i s c h a r g e   t h r o u g h   a  r e s i s t a n c e   R  5   and  i t s  

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

C 3  a n d   R5.  T h e r e f o r e ,   d e t e c t i o n   of  t h e   f a l l i n g  

v o l t a g e   f rom  t h e   s e t t i n g   v o l t a g e   Vr3  e n a b l e s   d e t e r -  

m i n a t i o n   of  t h e   o c c u r r e n c e   of  an  a b n o r m a l   c o n d i t i o n .  

For   t h i s   p u r p o s e ,   a  c o m p a r a t o r   2 6 - 1   h a v i n g   a  r e f e r e n c e  

v o l t a g e   Vr3  i s   p r o v i d e d   to   e m i t   an  o u t p u t   as  i l l u s -  

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

d r i v e s   an  a b n o r m a l i t y   a l a r m   d e v i c e   c i r c u i t   26-2   t o  

a c t i v a t e   an  a b n o r m a l i t y   a l a r m   d e v i c e   ( n o t   i l l u s t r a t e d   i n  

d r a w i n g s ) .  

The  a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n   d e s -  



c r i b e d   w i t h   r e f e r e n c e   to   F i g .   5  and  F i g .   6A  t h r o u g h   6 I  

was  a r r a n g e d   on  e i g h t   s p i n n i n g   f r a m e s   (400  s p i n d l e   p e r  

f r a m e ,   1 4 , 2 0 0   r p m ) ,   in   w h i c h   a  combed   c o t t o n   y a r n   4 0 s  

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

f o l l o w i n g   m e t h o d . . A l l   s p i n d l e s ,   i . e . ,   3 , 2 0 0   s p i n d l e s ,  

w e r e   w a t c h e d   b e t w e e n   9 :00   an  to   1 2 : 0 0   noon  and  b e t w e e n  

1 2 : 4 0   pm  to   3 . 4 0   pm  a t   20  m i n u t e   i n t e r v a l s .   C o n f i r m a t i o n  

was  made  as  to   w h e t h e r   t h e   a l a r m   i n d i c a t i n g   l amps   of   t h e  

a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n   w e n t   on  when  y a r n  

b r e a k a g e   a c t u a l l y   o c c u r r e d   and  w h e t h e r   t h e   a l a r m   i n d i -  

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

by  a  p i e c i n g   p r o c e d u r e .   The  n u m b e r   of  e r r o n e o u s   o p e r a -  
t i o n s   was  c a l c u l a t e d .   The  r e l i a b i l i t y   R  i s   e x p r e s s e d   b y  

t h e   f o l l o w i n g   e q u a t i o n :  

w h e r e ,  

n l :   Number   of   t i m e s   l amps   d i d   n o t   go  o n  

n2:   Number   of  t i m e s   l a m p s   d i d   n o t   go  o f f  

n:  Number   of  e r r o n e o u s   o p e r a t i o n s ,   i . e ,   n l  
p l u s   n 2  

c:  Number   of   i n s p e c t i o n   p e r i o d s  

m:  Number   of   a l a r m   i n d i c a t i n g   l a m p s   p e r  
f r a m e   ( i n   t h i s   c a s e ,   m  =  2 ) .  

T a b l e   1  shows   t h e   r e s u l t s   of  a  r e l i a b i l i t y  

i n s p e c t i o n   c o n d u c t e d   o v e r   f o u r   d a y s ,   i . e . ,   A p r i l   27,   2 8 ,  

and  29,   1 9 8 1 ,   and  May  18,   1 9 8 1 .   As  c l e a r   f rom  t h e  

t a b l e ,   t h e   a p p a r a t u s   of   t h e   p r e s e n t   i n v e n t i o n   h a v i n g   t h e  

e l e c t r i c a l   c i r c u i t   i l l u s t r a t e d   in   F i g .   5  was  c o n f i r m e d  

to   h a v e   a  v e r y   h i g h   r e l i a b i l i t y ,   i . e . ,   f rom  95%  to   98%.  

CAPABILITY  OF  EXPLOITATION  IN  INDUSTRY 

The  a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n   d e t e c t s  

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

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

t h o s e   f i b e r s   and  e m i t s   an  a l a r m   v i a   t h e   a b o v e - m e n t i o n e d  

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

n e e d   to   t o u c h   t h e   y a r n   d u r i n g   s p i n n i n g ,   and  y a r n   b r e a k a g e  

can   be  d e t e c t e d   w i t h o u t   any  i n f l u e n c e   on  t h e   s p i n n i n g  



c o n d i t i o n s .   F u r t h e r ,   t h e r e   i s   no  n e e d   to   a r r a n g e   a  

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

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

member   in  t h e   s p a c e   b e t w e e n   s p i n n i n g   f r a m e s .   T h e r e f o r e ,  

t h e   a p p a r a t u s   of   t h e   p r e s e n t   i n v e n t i o n   can   be  made  a t   a  
l o w e r   c o s t   c o m p a r e d   w i t h   o r d i n a r y   a p p a r a t u s e s .   F u r t h e r -  

m o r e ,   t h e   a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n   can   b e  

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

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

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





1.  A  m e t h o d   f o r   d e t e c t i n g   y a r n   b r e a k a g e   in   a  

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

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

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

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

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

p r e d e t e r m i n e d   t i m e   c o n s t a n t s ,   and  c o m p a r i n g   them  w i t h   a  

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

2.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   a  

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

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

3.  A  m e t h o d   a c c o r d i n g   to   c l a i m   2,  w h e r e i n   a m p l i -  

t u d e s   of  s a i d   e l e c t r i c   p u l s e   s i g n a l s   a r e   e q u a l i z e d   a n d  

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

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

p r e d e t e r m i n e d   t i m e   c o n s t a n t s .  

4.  A  m e t h o d   a c c o r d i n g   to   c l a i m   3,  w h e r e i n   a  

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

and  an  u p p e r   l i m i t   l e v e l   and  an  a b n o r m a l   v a l u e   b e t w e e n  

t h e   t i m e   a f t e r   an  i n t e g r a t e d   v o l t a g e   l e v e l   of  t h e  

e l e c t r i c   p u l s e   s i g n a l s   i n t e g r a t e d   by  s a i d   p r e d e t e r m i n e d  

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

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

i s   s u c c e s s i v e l y   d e t e c t e d .  

5.  A  m e t h o d   a c c o r d i n g   to   c l a i m   4,  w h e r e i n   e l e c t r i c  

p u l s e   s i g n a l s   e q u a l i z e d   in  a m p l i t u d e   and  f r e e   f r o m  

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

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

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

y a r n   b r e a k a g e   i s   d e t e c t e d .  

6.  An  a p p a r a t u s   f o r   d e t e c t i n g   y a r n   b r e a k a g e   in  a  

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

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

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



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

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

i n t e g r a t i o n   c i r c u i t   i n t e g r a t i n g   by  p r e d e t e r m i n e d   t i m e  

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

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

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

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

i n t e g r a t e d   v o l t a g e   p a s s e s   o v e r   s a i d   s t a n d a r d   v o l t a g e ,  

and  a  y a r n   b r e a k a g e   a l a r m   c i r c u i t   d r i v e n   by  s a i d   a b n o r m a l  

v a l u e   d e t e c t i n g   s i g n a l s   r e c e i v e d   f rom  s a i d   f i r s t   c o m -  

p a r a t o r   c i r c u i t .  

7.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   6,  w h e r e i n   a  

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

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

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

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

8.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   7,  w h e r e i n  

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

a m p l i f i c a t i o n   c i r c u i t   a r e   e q u a l i z e d   and  u n n e c e s s a r y  
n o i s e   s i g n a l s   h a v i n g   a  l e v e l   l o w e r   t h a n   t h e   p r e d e t e r -  

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

i n p u t   p o r t i o n   of   s a i d   i n t e g r a t i o n   c i r c u i t   a  s e c o n d  

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

p u l s e   s i g n a l s   as  a  f i r s t   i n p u t   and  r e c e i v i n g   s a i d  

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

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

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

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

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

s a i d   s e c o n d   c o m p a r a t o r   as  a  s e t   i n p u t   and  a  r e s e t   i n p u t ,  

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

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

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

and  t h e i r   s e c o n d   i n p u t s   s e p a r a t e l y   r e c e i v e   two  p r e d e t e r -  
m i n e d   s t a n d a r d   v o l t a g e s ,   i . e . ,   a  l o w e r   l i m i t   l e v e l   a n d  

an  u p p e r   l i m i t   l e v e l .  



10.  An  a p p a r a t u s   f o r   d e t e c t i n g   y a r n   b r e a k a g e   in  a  

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

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

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

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

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

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

t i o n   c i r c u i t   i n t e g r a t i n g   by  p r e d e t e r m i n e d   t i m e   c o n s t a n t s  

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

a m p l i f i c a t i o n   c i r c u i t ,   a  f i r s t   c o m p a r a t o r   c i r c u i t  

c o m p a r i n g   an  i n t e g r a t e d   v o l t a g e   l e v e l   of  s a i d   i n t e g r a -  

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

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

s a i d   i n t e g r a t e d   v o l t a g e   p a s s e s   o v e r   s a i d   s t a n d a r d  

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

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

f i r s t   c o m p a r a t o r   c i r c u i t ,   and  a  s e c o n d   c o m p a r a t o r  

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

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

as  a  s e c o n d   i n p u t   to   e q u a l i z e   a m p l i t u d e s   of  s a i d  

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

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

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

p r o v i d e d   a t   t h e   i n p u t   p o r t i o n   of  s a i d   i n t e g r a t i o n  

c i r c u i t ;   c h a r a c t e r i z e d   in  t h a t   s a i d   a p p a r a t u s   i s   f u r t h e r  

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

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

o u t p u t   f rom  s a i d   s e c o n d   c o m p a r a t o r   c i r c u i t ,   a  d i s -  

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

c h a r g i n g   c a p a c i t o r ,   and  a  t h i r d   c o m p a r a t o r   c i r c u i t  

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

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

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

t h e   c i r c u i t   n e t w o r k   f o r   d e t e c t i n g   y a r n   b r e a k a g e   b e i n g  

d e t e c t e d   by  d e t e c t i n g ,   by  means   of  s a i d   t h i r d   c o m p a r a t o r  

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

p r e d e t e r m i n e d   l o w e r   l e v e l .  
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