
J  J E u r o p a i s c h e s   

Pa ten tamt  

European  Patent  Office  ©  Publication  number:  0  1  3 2   9 7 4  

Office  europeen  des  brevets  A 2  

(12) EUROPEAN  PATENT  APPLICATION 

©  Application  number:  84304640.0  ©  Int.  CI.4:  B  02  C  2 3 / 0 4  

©  Date  of  filing:  06.07.84 

©  Priority:  01.08.83  US  519352  ©  Applicant:  THE  BABCOCK  &  WILCOX  COMPANY 
1010  Common  Street  P.O.  Box  60035 
New  Orleans  Louisiana  70160(US) 

©  Date  of  publication  of  application: 
13.02.85  Bulletin  85/7  @  Inventor:  Cooper,  Marshall 

33750  Arthur  Road  Solon 
©  Designated  Contracting  States:  Ohio44139{US) 

DE  FR  GB  rr 
@  Inventor:  Pocock,  Robert 

1058  West  Mill  Drive  Highland  Hts. 
Ohio44143(US) 

©  Representative:  Cotter,  Ivan  John  et  al, 
D.  YOUNG  &  CO.  10  Staple  inn 
London  WC1V7RDIGB) 

CM 
<  

©  Safety  systems  for  coal  pulverizers. 
  A  safety  control  system  for  a  coal  pulverizer  utilizes  sign- 
als  (20,22)  representing  net  oxygen  and  carbon  monoxide 
measurements  of  the  pulverizer  atmosphere.  A  signal  (50) 
representing  the  rate  of  carbon  monoxide  change  is  derived 
form the signal (22)  by  a derivative  controller  (48).  The  signals 
(20,50)  representing  the  net  oxygen  measurement  and  rate  of 
carbon  monoxide  change  are  compared  in  respective  com- 
paring  means  (36,52)  with  respective  setpoints  (38,54) to  gen- 
erate  control  signals  (46,62)  for  actuating  alarms  (26,28).  The 
pulverized  oxygen  and  actual  carbon  monoxide  signals 
(20,22)  are  compared  in  respective  comparing  means  (64,88) 
with  respective  setpoints  (66,90)  to  generate  control  signals 
(74,98)  for  causing  automatic  inerting  of  the  pulverizer  by 
supplying  carbon  dioxide  thereto. 





This  invention  relates  to  safety  systems  for  coal  pulverizers .  
Known  pulverized-coal  systems  pulverize  coal,  deliver  it  to  f ue l -  

burning  equipment,  and  accomplish  complete  combustion  in  the  furnace  wi th  

a  minimum  of  excess  air.  The  system  operates   as  a  continuous  process  and,  

within  specified  design  l imitat ions,   the  coal  supply  or  feed  can  be  varied  as 

rapidly  and  as  widely  as  required  by  the  combustion  process.  
A  small  portion  of  the  air  required  for  combustion  (15  to  20%  in 

current  installations)  is  used  to  t ransport   the  coal  to  the  burner.  This  is 

known  as  primary  air.  In  the  direct-f i r ing  system,  primary  air  is  also  used  to  

dry  the  coal  in  the  pulverizer.  The  remainder   of  the  combustion  air  (80  to  

85%)  is  introduced  at  the  burner  and  is  known  as  secondary  air .  

All  coals,  when  exposed  to  air,  undergo  oxidation  even  at  room 

temperature .  This   tendency  varies  with  coal  



t y p e :   a n t h r a c i t e   and  s e m i - a n t h r a c i t e ,   f o r   e x a m p l e ,   a r e  

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

c u l a r l y   l i a b l e   to   a b s o r b   a n d   c o m b i n e   w i t h   o x y g e n .   T h e  

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

as  t h e   t e m p e r a t u r e   r i s e s .   H e a t   i s   g e n e r a t e d   w h i c h ,   i f  

a l l o w e d   t o   a c c u m u l a t e ,   c o u l d   r e s u l t   in   t h e r m a l   d e c o m p o -  

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

t h e   c o a l ,   s u c h   as  m e t h a n e   a n d   r e l a t e d   c o m p o u n d s ,   a r e   r e -  

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

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

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

S p o n t a n e o u s   c o m b u s t i o n   o f   c o a l   i s   d e p e n d e n t   on  a  

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

on  t h e   s u r f a c e   a r e a   e x p o s e d .   C o a l s   w i t h   a  h i g h   s u r f a c e  

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

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

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

and   p e r f o r m a n c e   of   i n d u s t r i a l   c o a l   p u l v e r i z e r s .   S p o n t a -  

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

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

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

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

s o u r c e   f o r   an  e x p l o s i o n .  

P r e s e n t   s y s t e n s   f o r   f i r e   d e t e c t i o n   i n   i n d u s t r i a l  

c o a l   p u l v e r i z e r s   u s e   e i t h e r   t h e r m o c o u p l e s   t o   m e a s u r e   t h e  

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

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

Thermocouples  or  resistance  t empera tu re   devices  (RTD's)  are  no rma l ly  

part  of  the  control  system  for  mill  operation.  However,  they  are  a 

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

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

few  m i n u t e s   b e f o r e   i t   a c t u a l l y   o c c u r s ,   a n d   in   some  c a s e s ,  

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



a  f i r e   o r   e x p l o s i o n   i s   e v i d e n t .   The  i n e f f e c t i v e n e s s   o f  

t h e r m o c o u p l e s   and   RTD's   in   t h i s   a p p l i c a t i o n   i s   d u e ,   i n  

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

c o r r o s i v e   c o a l   p a r t i c l e s .   S h i e l d s   r e d u c e   h e a t   c o n d u c -  

t i o n ,   s l o w i n g   r e s p o n s e   t i m e .  

A c t u a l   CO  m e a s u r e m e n t s   a r e   a l s o   u s e d   f o r   f i r e   d e -  

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

l a t e d   d i r e c t l y   t o   t h e   o x i d a t i o n   r a t e  o f   c o a l .   I n f r a r e d  

gas   a n a l y z e r s   a r e   u s e d   to   c o m p a r e   t h e   CO  c o n t e n t   o f   t h e  

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

of  CO  p r o d u c e d   i n   t h e   m i l l .   C u r r e n t l y   a v a i l a b l e   i n f r a -  

r e d   g a s   a n a l y z e r s   r e q u i r e   e x t e n s i v e   f i l t e r i n g   and   d e h y -  

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

p r e v e n t   i n t e r f e r e n c e   by  w a t e r   v a p o r   a n d   p a r t i c u l a t e  

m a t t e r .   Due  to   t h e   h i g h   c o s t   a n d   m a i n t e n a n c e   r e q u i r e m e n t s  

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

to   u s e   o n e   a n a l y z e r   f o r   s e v e r a l   m e a s u r e m e n t   p o i n t s .   - 

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

s l o w i n g   r e s p o n s e   t i m e .   N e v e r t h e l e s s ,   t h i s   p r o v i d e s   a n  

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

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

a p p r e c i a b l e   c o n c e n t r a t i o n s   of   CO  can   be  f o u n d   i n   t h e   a i r  

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

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

v i a   t h e   r e g e n e r a t i v e   a i r   h e a t e r   and   i t   t h u s   b e c o m e s  

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

m i l l .  

T h u s ,   i t   i s   s e e n   t h a t   an  a c c u r a t e   a n d   r e l i a b l e  

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

w o u l d   p r o v i d e   an  e a r l y   w a r n i n g   o f   i m p e n d i n g   s a f e t y   p r o b -  

lems  i n   c o a l   p u l v e r i z e r s .  



According  to  the  Invention  there  is  provided  a  safety  system  for  a 

coal  pulverizer,   the  safety  system  compris ing:  

means  for  measuring  the  actual  net  oxygen  level  in  the  coal 

pulverizer  and  establishing  a  signal  indicative  t h e r e o f ;  

means  for  comparing  the  signal  from  the  net  oxygen  measuring  means 

with  a  p rede te rmined   setpoint  signal  indicative  of  a  potent ial ly   hazardous  

net  oxygen  level  and  establishing  a  control  signal  theref rom;   and  

alarm  means  responsive  to  the  control  signal  to  indicate  an  a la rm 

condition  indicative  of  a  potentially  hazardous  condition  in  the  coal  

pu lve r i ze r .  
The  invention  also  provides  a  safety  system  for  a  coal  pulverizer,  the  

safety  system  compr is ing :  

means  for  determining  the  actual  rate  of  carbon  monoxide  level 

change  in  the  coal  pulverizer  and  establishing  a  signal  indicative  t he reo f ;  

means  for  comparing  the  signal  from  the  determining  means  with  a 

p rede te rmined   setpoint  signal  indicative  of  a  potent ial ly   hazardous  rate  o f  

carbon  monoxide  level  change  in  the  coal  pulverizer   and  establishing  a 

control  signal  theref rom;   and 

alarm  means  responsive  to  the  control  signal  for  indicating  a 

potential ly  hazardous  condition  in  the  coal  pu lve r i ze r .  

Further,   the  invention  provides  a  safety  system  for  a  coal  pulver izer ,  

the  safety  system  compris ing:  

means  for  measuring  the  actual  net  oxygen  level  in  the  coal 

pulverizer   and  establishing  a  signal  indicative  t h e r e o f ;  

means  for  measuring  the  rate  of  change  of  carbon  monoxide  level  in 

the  coal  pulverizer  and  establishing  a  signal  indicative  t h e r e o f ;  

comparing  means  for  comparing  the  signals  establ ished  by  the  n e t  

oxygen  measuring  means  and  the  rate  of  carbon  monoxide  change  measuring 

means  with  predetermined  setpoints  for  establishing  respec t ive ly  

independent  control  signals  whenever  the  p rede te rmined   setpoints  a re  

e x c e e d e d ;  a n d  

alarm  means  responsive  to  either  of  the  control  signals  for  indicating 

a  potent ial ly  hazardous  condition  in  the  coal  pu lve r i ze r .  

A  preferred  embodiment  of  the  invention  decribed  in  detai l  

hereinbelow  overcomes  or  at  least  alleviates  the  above-s ta ted   problems  of 



prior  art  safety  systems  and  provides  an  improvement  over  the  existing  a r t .  

It  is  not  dependent  on  the  measurement   of  pulverizer  or  pulverizing  mill 

outlet  t empera ture ,   the  removal  of  moisture  and  all  par t icula te   matter  f rom 

the  sample  ex t rac ted   from  the  mill  or  multi-point  sampling.  The  p r e f e r r e d  

system  incorporates  the  use  of  a  standard  single  point  oxygen  and  CO 

analyzer  directly  mounted  to  the  coal  pulverizing  mill  or  pulverizer  and 

providing  a  continuous  percent  by  volume  measurement   of  oxygen  con ten t  

and  a  continuous  measurement   of  CO  gas  concent ra t ion   of  the  mill 

atmosphere.   The  02  portion  of  the  analyzer  uses  a  sensor  operating  at  a 

tempera ture   where  any  combustible  volatile  material   will  combine  with  0 2  
in  the  sample.  The  sensor  will  then  respond  to  the  free  or  uncombined  0 2  
remaining.  The  resulting  measurement ,   denoted  net  or  residual,  02,  can  be 

correlated  with  the  amount  of  combustible  volatiles  within  the  mill.  An 

additional  significant  indicator  of  a  potentially  hazardous  condition  is,  thus, 

provided,  augmenting  the  CO  measurement .   The  combined  measurement   of  

CO  and  net  02  concentra t ion  in  the  mill  atmosphere  is  used  to  indicate  and 

alarm  both  the  onset  and  progress  of  spontaneous  combustion  within  the  

mill. 



Thus,  according  to  respect ive   aspects  of  the  present  invention,  t h e  

preferred  system  provides  the  following  advantageous  features.   It  provides  

an  automated  system  capable  of  being  integrated  into  a  plant's  pu lver ize r  

management   and  combustion  control  system  designed  to  monitor  t h e  

performance  of  and  detect   impending  fires  and  explosions  in  industrial  coal  

pulverizers  and  alarm  such  conditions.  It  provides  an  automated  a l a r m  

system  based  on  a  net  oxygen  measurement   in  the  coal  pulverizer.  I t  

provides  an  automated  alarm  system  based  on  a  predetermined  ca rbon  

monoxide  rise  per  time.  It  provides  an  automated  inerting  control  of  t h e  

coal  pulverizer  upon  detection  of  either  a  predetermined  net  oxygen  level  o r  

an  absolute  carbon  monoxide  level .  

The  invention  will  now  be  further  described,  by  way  of  i l lus t ra t ive  

and  non-limiting  example,  with  reference  to  the  accompanying  drawings,  in 

which:  

Figure  1  is  a  schemat ic   drawing  of  a  safety  control  system  embodying 

the  present  invention  for  a  coal  pulverizer;  and 

Figure  2  is  a  schemat ic   drawing  of  monitoring  and  control  logic  o f  

the  Figure  1  safety  control  s y s t e m .  

The  drawings  depict  a  reliable,  relatively  low-cost  automated  s a f e t y  

system  8  capable  of  being  in tegra ted   into  a  plant's  computer   control  s y s t e m  

designed  to  monitor  the  per formance   of  and  detect   impending  fires  and 

explosions  in  e lec t r ic -u t i l i ty   and  industrial  coal  pulverizers  by  moni tor ing  

the  level  of  carbon  monoxide  (CO)  and  net  oxygen  (02)  concentrat ion  in  a 

pulverized  coal  mill  a tmosphere .   The  combined  measuremen t   of  CO  and  0 2  
concentrat ion  in  the  mill  a tmosphere   is  used  to  indicate  the  oxidation  r a t e  

of  the  coal  to  preclude  spontaneous  combustion.  Additionally,  t h e  

measurement   of  net  02  concent ra t ion ,   when  combined  with  o t h e r  

measurements ,   may  provide  the  basis  for  overall  mill  p e r f o r m a n c e  

calculations  and  the  quality  of  the  pulverized  coal .  

As  shown  in  Figure  1,  a  CO/02   sample  probe  10  is  -  



t y p i c a l l y   p l a c e d   in   a  c o a l   p u l v e r i z e r   12  c l a s s i f i e r  

o u t l e t   z o n e .   A  s a m p l e   o f   g a s   i s   d r a w n   t h r o u g h   t h e   p r o b e  

10  w h i c h   h a s   a  p o r o u s   h i g h   t e m p e r a t u r e   f i l t e r   14 .   T h e  

f i l t e r   14  i s   r e q u i r e d   t o   m a i n t a i n   t r o u b l e - f r e e   o p e r a t i o n  

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

i n t o   t h e   a n a l y z e r .   A  s u i t a b l e   f i l t e r   14  f o r   t h i s   a p p l i -  

c a t i o n   i s   o f   a  t y p e   d e s c r i b e d   in   U . S .   P a t e n t   N o .  

4 , 2 8 6 , 4 7 2 .  

The   a i r   s a m p l e   d r a w n   f r o m   t h e   c o a l   p u l v e r i z e r   1 2  

i s   t h e n   a n a l y z e d   f o r   p e r c e n t   by  v o l u m e   o f   o x y g e n   ( 0 2 )  

c o n t e n t   a n d   CO  g a s   c o n c e n t r a t i o n   in   ppm  ( p a r t s   p e r   m i l -  

l i o n )  v i a   a  k n o w n   o x y g e n   a n d   CO  g a s   a n a l y z e r   16  d e s i g n e d  

to  o p e r a t e   i n   a  h a r s h   p o w e r   p l a n t   e n v i r o n m e n t   and   h a v i n g  

a u t o c a l i b r a t i o n   c a p a b i l i t i e s .   A  s u i t a b l e   a n a l y z e r   f o r  

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

C o n t r o l s   C o m p a n y   o f   B a b c o c k   and   W i l c o x   a n d   i s   k n o w n   a s  

t h e   T y p e   OL  O x y g e n   and   CO  A n a l y z e r . -   T h i s   a n a l y z e r   1 6  

h a s   a  CO  r a n g e   o f   0 - 1 0 0 0   ppm  and   an  02  r a n g e   o f   0 . 1 - 2 5 % .  

E l e c t r i c a l   s i g n a l s   c o r r e s p o n d i n g   to   c a r b o n   m o n o x i d e   a n d  

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

m o n i t o r i n g   s y s t e m   c o n t r o l  1 8   l o c a t e d   i n   t h e   c e n t r a l   c o n -  

t r o l   r o o m   a l o n g   l i n e s   20  and   22.   CO  a n d   O2  c o n c e n t r a -  

t i o n s   a r e   d i s p l a y e d   a n d / o r   r e c o r d e d   on  a  s t r i p - c h a r t  

r e c o r d e r   2 4 .   D u r i n g   n o r m a l   p u l v e r i z e r   12  o p e r a t i o n ,   n e t  

02  l e v e l s   r e p r e s e n t   t y p i c a l l y   16%  O2  a n d   n o r m a l   CO 

l e v e l s   r a n g e   b e t w e e n   40  and   80  ppm.   I f   t h e   n e t   0 2  c o n -  
c e n t r a t i o n   f a l l s   b e l o w   a  c e r t a i n   p r e d e t e r m i n e d   l e v e l ,  

t y p i c a l l y   1 5 % , a n d / o r   t h e   a m o u n t   o f   CO  p r o d u c e d   e x c e e d s  

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

t y p i c a l l y   a  50  p p m / m i n u t e   s u d d e n   r i s e ;   t h e   s y s t e m   8 

a c t i v a t e s   a u d i b l e   a n d   v i s i b l e   a l a r m s   26 ,   28  t o   a l e r t   t h e  

o p e r a t o r   who  in   t u r n   may  m a n u a l l y   t a k e   c o r r e c t i v e   a c t i o n  

to  i n e r t   t h e   p u l v e r i z e r   12  o r   p e r m i t   t h e   a u t o m a t i c   m o n -  

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



a u t o m a t i c   i n e r t   t o   b r i n g   t h e   p u l v e r i z e r   12  o p e r a t i n g  

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

R e f e r r i n g   now  t o   F i g .   2,  i t   w i l l   b e   s e e n   t h a t   t h e  

m o n i t o r i n g   a n d   c o n t r o l   l o g i c   a s s e m b l y   18  u t i l i z e s   b o t h  

a  n e t   o x y g e n   m e a s u r e m e n t   p r o v i d e d   by  t h e   a n a l y z e r   1 6  

a l o n g   l i n e   20  as   w e l l   as  a  c a r b o n   m o n o x i d e   m e a s u r e m e n t  

p r o v i d e d   a l o n g   l i n e   22  f r o m   a n a l y z e r   1 6 ,   t o ,   on  t h e  

one   h a n d ,   a c t u a t e   a l a r m s   26  and   28  a t   p r e d e t e r m i n e d  

l e v e l s   o f   n e t   o x y g e n   and   p r e d e t e r m i n e d   r i s e   t i m e s   o f  

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

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

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

t h e   p u l v e r i z e r   12  i s   a c c o m p l i s h e d   by  c o n t r o l l a b l y  

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

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

32  i n t o   t h e   p u l v e r i z e r   1 2 .  

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

s e e n   t h a t   t h e   n e t   o x y g e n   m e a s u r e m e n t   f r o m   l i n e   20  i s  

t r a n s m i t t e d   a l o n g   a  l i n e   34  to   a  d i f f e r e n c e   s t a t i o n   3 6  

h a v i n g   a  s e t p o i n t   s e t   a t   a  p r e d e t e r m i n e d   n e t   o x y g e n  

c o n t r o l   p o i n t   t r a n s m i t t e d   a l o n g   l i n e   3 8 .   The   d i f f e r e n c e  

s t a t i o n   36  c o m p a r e s   t h e   a c t u a l   n e t   o x y g e n   m e a s u r e m e n t  

p r o v i d e d   by  t h e   a n a l y z e r   16  r e p r e s e n t i n g   t h e   n e t   o x y g e n  
l e v e l   i n   t h e   p u l v e r i z e r   12  and   c o m p a r e s   i t   w i t h   t h e   s e t -  

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

s e t   a t   15%.  The   p r e s e n t   s e t p o i n t   o f   15Z  i s   b a s e d   on  t h e  

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

r e p r e s e n t a t i v e   o f   n o r m a l   c o n d i t i o n s   i s   a p p r o x i m a t e l y   16% 

and   t h e  i n i t i a l   a l a r m   c o n d i t i o n   i s   d e s i r e d   t o   b e  a   w a r n -  

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

The   d i f f e r e n c e   s t a t i o n   36  t h u s   c o m p a r e s   t h e   t w o  

s i g n a l s   a n d   p r o v i d e s   an  e r r o r   s i g n a l   a l o n g   l i n e   40  w h i c h  

i s   one   i n p u t   o f   an  AND  g a t e   42 .   The   o t h e r   i n p u t   o f   t h e  

AND  g a t e   42  i s   p r o v i d e d   by  a  c o n s t a n t   n e g a t i v e   s i g n a l  



f r o m   a  p r e d e t e r m i n e d   s o u r c e   a l o n g   l i n e   4 4 .   T h u s ,   a s  

l o n g   as  t h e   n e t   o x y g e n   l e v e l   p r o v i d e d   t o   t h e   d i f f e r e n c e  

s t a t i o n   36  a l o n g   l i n e   34  i s   g r e a t e r   t h a n   t h e   15%  s e t -  

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

a l o n g   l i n e   40  to  t h e   AND  g a t e   42  w h i c h   t h e n   w i l l   f a i l   t o  

p r o v i d e   a n y   c o n t r o l   s i g n a l   a l o n g   l i n e   4 6 ,   f a i l i n g   t o  

a c t u a t e   t h e   a l a r m   26.   As  s o o n   as   t h e   n e t   o x y g e n   l e v e l  

f a l l s   b e l o w   t h e   15%  s e t p o i n t ,   t h e   o u t p u t   a l o n g   l i n e   4 0  

b e c o m e s   n e g a t i v e   a n d , i n   c o m b i n a t i o n   w i t h   t h e   c o n s t a n t  

n e g a t i v e   s i g n a l   a l o n g   l i n e   4 4 ,   w i l l   r e s u l t   i n   a  c o n d u c -  

t i o n   o f   t h e   AND  g a t e   4 2 ,   c a u s i n g   a  c o n t r o l   s i g n a l   t o   b e  

t r a n s m i t t e d   a l o n g   l i n e   46  t o   t h e   a l a r m   26  t o   t h u s   a c t u a t e  

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

p u l v e r i z e r   12  a t m o s p h e r e .  

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

t r a n s m i t t e d   a l o n g   l i n e   22  may  a l s o   p r o v i d e   an  a c t u a t i o n  

o f   t h e   a l t e r n a t e   a l a r m   28 .   T h e   m e a s u r e d   c a r b o n   m o n o x i d e  

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

48  w h i c h   w i l l   be  s e n s i t i v e   t o   a n y   v a r i a t i o n s   in   t h e   c a r -  

b o n   m o n o x i d e   l e v e l   and   w i l l   e f f e c t i v e l y   p r o v i d e   an  o u t -  

p u t   s i g n a l   a l o n g   l i n e   5 0 ' i n d i c a t i v e   o f   t h e   s l o p e   o r   r a t e  

of   c h a n g e   o f   t h e   c a r b o n   m o n o x i d e   l e v e l   i n   t h e   p u l v e r i z -  

i n g   m i l l   12 .   The  o u t p u t   o f   t h e   d e r i v a t i v e   a c t i o n   c o n -  

t r o l l e r   48  i s   t r a n s m i t t e d   t o   a  d i f f e r e n c e   s t a t i o n   5 2  

h a v i n g   a  p r e d e t e r m i n e d   s e t p o i n t   a l o n g   l i n e   54  i n d i c a t i v e  

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

c o a l   i g n i t i o n   in   t h e   p u l v e r i z e r   12 .   S u c h   a  r a t e   o f  

c h a n g e   i s   t y p i c a l l y   t a k e n   t o   be   a  50  p p m / m i n u t e   r a t e   o f  

c a r b o n   m o n o x i d e   c h a n g e .   The   o u t p u t   o f   t h e   d i f f e r e n c e  

s t a t i o n   52  i s   t r a n s m i t t e d   a l o n g   t h e   l i n e   56  t o   an  AND 

g a t e   58  h a v i n g   a  s e c o n d   i n p u t   o f   a  c o n s t a n t   n e g a t i v e  

v a l u e   p r o v i d e d   a l o n g   l i n e   60 .   In   o p e r a t i o n ,   t h e   r a t e   o f  

c a r b o n   m o n o x i d e   c h a n g e   n o r m a l l y   s t a y s   b e l o w   t h e   50  p p m / -  

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



f r o m   t h e   d i f f e r e n c e   s t a t i o n   52.   W h e n e v e r   t h e   a c t u a l  

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

l i n e   5 4 ,   t h e   s i g n a l   t r a n s m i t t e d   a l o n g   l i n e   56  t u r n s  

p o s i t i v e ,   c a u s i n g   t h e   AND  g a t e   58  to   s t a r t   c o n d u c t i n g   a  

c o n t r o l   s i g n a l   a l o n g   l i n e   62  to   t h e   a l a r m   28  a c t u a t i n g  

t h e   a l a r m   28  t o   i n d i c a t e   a  p o t e n t i a l l y   h a z a r d o u s   a t m o s -  

p h e r e   i n   t h e   p u l v e r i z e r   1 2 .  

T h e s e   i n d i v i d u a l   a l a r m s ,   w h e n   a c t u a t e d ,   w a r n   t h e  

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

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

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

i c a l l y   one   a l a r m   w i l l   be  a c t u a t e d ,   p o s s i b l y   f o l l o w e d   b y  

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

may  s h o c k   t h e   p u l v e r i z e r ,   s u c h   i n e r t i n g   i s   l e f t   t o   t h e  

d i s c r e t i o n   o f   t h e   o p e r a t o r   and   h i s   s u p e r v i s o r .   H o w -  

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

o f   t h e   p u l v e r i z e r   12  i s   m a n d a t o r y   a n d   s h o u l d   be   a u t o m a t -  

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

i n g ,   t h e   c o n t r o l   s y s t e m   8,  a g a i n ,   u t i l i z e s   b o t h   t h e   n e t  

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

p r o v i d e d   by  l i n e s   20  and  22 ,   r e s p e c t i v e l y .  

A u t o m a t i c   i n e r t i n g   o f   t h e   p u l v e r i z e r   12  i s   a c -  

t u a t e d   by  a  d i f f e r e n c e   s t a t i o n   64  w h i c h   h a s   a  s e t p o i n t  

p r o v i d e d   t o   i t   a l o n g   l i n e   66  h a v i n g   a  n e t   o x y g e n   l e v e l  

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

d i f f e r e n c e   s t a t i o n   36.   T y p i c a l l y ,   t h e   d i f f e r e n c e   s t a t i o n  

64  h a s   a  n e t   o x y g e n   s e t p o i n t   o f   9%.  T h u s ,   d u r i n g   n o r m a l  

p u l v e r i z e r   12  o p e r a t i o n ,   t h e   n e t   o x y g e n   l e v e l   m e a s u r e d  

a n d   t r a n s m i t t e d   t o   t h e   d i f f e r e n c e   s t a t i o n   64  w i l l   e x c e e d  

t h e   9%  s e t p o i n t   and   t h e   e r r o r   s i g n a l   p r o d u c e d   by  t h e   d i f -  

f e r e n c e   s t a t i o n   64  w i l l   be   a  p o s i t i v e   l e v e l   s i g n a l   t r a n s -  

m i t t e d   a l o n g   l i n e   68  to   an  AND  g a t e   70 .   The   o t h e r   i n p u t  

o f   t h e   AND  g a t e   70  i s   p r o v i d e d   by  a  c o n s t a n t   n e g a t i v e  

l e v e l   s i g n a l   t r a n s m i t t e d   t o   t h e   AND  g a t e   70  a l o n g   l i n e  



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

AND  g a t e   70  w i l l   be  p o s i t i v e   and   n e g a t i v e ,   p r o v i d i n g   n o  

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

l i n e   74.   W h e n e v e r   t h e   o x y g e n   l e v e l   o f   t h e   p u l v e r i z e r   1 2  

f a l l s   b e l o w   t h e   9%  s e t p o i n t   l e v e l ,   t h e   o u t p u t   o f   t h e  

d i f f e r e n c e   s t a t i o n   64  t u r n s   n e g a t i v e ,   p r o v i d i n g   t w o  

n e g a t i v e   i n p u t s   t o   t h e   AND  g a t e   70  a n d   r e s u l t i n g   in   a  

c o n t r o l   s i g n a l   a l o n g   l i n e   74  b e i n g   t r a n s m i t t e d   t o   a  

s w i t c h i n g   c i r c u i t   76 .   The  s w i t c h i n g   c i r c u i t   76  i s   a  

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

f r o m   a  c o n t r o l l e r   78  f r o m   r e a c h i n g   t h e   c o n t r o l   v a l v e   3 0 .  

When  t h e   c o n t r o l   s i g n a l   f r o m   l i n e   74  i s   p r e s e n t ,   t h e  

s w i t c h i n g   c i r c u i t   76  c h a n g e s   to   a  c l o s e d - c i r c u i t   c o n d i -  

t i o n ,   t u r n i n g   o v e r   c o n t r o l   o f   t h e   v a l v e   30  t o   t h e   c o n -  

t r o l l e r   7 8 .  

The  c o n t r o l l e r   78  h a s   an  i n p u t   s i g n a l   i n d i c a t i v e  

of   t h e   a c t u a l   n e t   o x y g e n   l e v e l   i n   t h e   p u l v e r i z e r   1 2  

w h i c h   i s   p r o v i d e d   by  a  p a r a l l e l   l i n e .  8 0 ,   p a r a l l e l i n g   t h e  

n e t   o x y g e n   s i g n a l   i n   l i n e   20 .   The  s e t p o i n t   o f   t h e '   c o n -  

t r o l l e r   i s   p r o v i d e d   a l o n g   l i n e   82  f r o m   s o m e   p r e d e t e r -  

m i n e d   s e t p o i n t   s t a t i o n   and   i s   t y p i c a l l y   s e t   a t   a  12% 

l e v e l .   T h u s ,   w h e n   t h e   s w i t c h i n g   c i r c u i t   76  i s   a c t u a t e d  

by  a  c o n t r o l   s i g n a l   f r o m   t h e   AND  g a t e   7 0 ,   t h e   c o n t r o l l e r  

78  w i l l   o p e n   v a l v e   30 ,   c a u s i n g   an  i n e r t i n g   a t m o s p h e r e ,  

s u c h   as  c a r b o n   d i o x i d e ,   to   be  d e l i v e r e d   t o   t h e   p u l v e r i -  

z e r   12  u n t i l   a  s o m e w h a t   n o r m a l   a m b i e n t   i s   r e a c h e d   c l o s e  

to  t h e   s e t p o i n t   l e v e l   o f   1 2 %   The  r e a s o n   f o r   k e e p i n g  

t h e   s e t p o i n t   o f   t h e   c o n t r o l l e r   78  a t   a  s o m e w h a t   l o w e r  

t h a n   t y p i c a l l y   n o r m a l   a t m o s p h e r e   i s   t o   m i n i m i z e   t h e  

s h o c k   t o   t h e   p u l v e r i z e r   12  due  to   t h e   i n e r t i n g   p r o c e s s .  

The  s w i t c h i n g   c i r c u i t   i s   t h e n   s w i t c h e d   b a c k   t o   i t s   n o r -  

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

l i n e   84  f r o m   e i t h e r   a  m a n u a l   s o u r c e   o r   an  a u t o m a t i c  

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



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

t h e   p u l v e r i z e r   1 2 .  

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

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

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

z e r   12 .   The   c a r b o n   m o n o x i d e   s i g n a l   n o r m a l l y   p r o v i d e d  

a l o n g   l i n e   22  i s   t a p p e d   by  a  l i n e   86  t o   p r o v i d e   o n e  

i n p u t   o f   a  d i f f e r e n c e   s t a t i o n   88 .   t h e   s e t p o i n t   o f   t h e  

d i f f e r e n c e   s t a t i o n   88  i s   p r o v i d e d   a l o n g   l i n e   90  f r o m   a  

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

s o l u t e   c a r b o n   m o n o x i d e   l e v e l   o f   200  ppm.   T h u s ,   a s  

l o n g   as  t h e   c a r b o n   m o n o x i d e   l e v e l   s t a y s   b e l o w   a  200   p p m  

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

s i g n a l   w i l l   be  t r a n s m i t t e d   by  t h e   d i f f e r e n c e   s t a t i o n   8 8  

a l o n g   l i n e   92  t o   an  AND  g a t e   94 .   The  o t h e r   i n p u t   t o  

AND  g a t e   94  i s   p r o v i d e d   by  a  l i n e   96  c o n n e c t e d   t o   a  c o n -  

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

v e r i z e r   12  o p e r a t i o n ,   o p p o s i t e   p o l a r i t y   s i g n a l s .   a r e   p r o -  
v i d e d   t o   t h e   AND  g a t e   94 ,   p r e v e n t i n g   t h e   e s t a b l i s h m e n t  

of   any  c o n t r o l   s i g n a l   a l o n g   l i n e   98  f r o m   t h e   AND  g a t e  

94.   W h e n e v e r   t h e   a b s o l u t e   c a r b o n   m o n o x i d e   l e v e l   e x c e e d s  

t h e   p r e d e t e r m i n e d   s e t p o i n t   o f   200  ppm,   t h e   e r r o r   s i g n a l  

t r a n s m i t t e d   t o   t h e   AND  g a t e   94  t u r n s   n e g a t i v e ,   c a u s i n g  

t h e   c o n d u c t i o n   o f   t h e   AND  g a t e   94  a n d   t h e   e s t a b l i s h m e n t  

of   a  c o n t r o l   s i g n a l   a l o n g   l i n e   98  t o   t h e   s w i t c h i n g   c i r -  

c u i t   76 .   As  was   d e s c r i b e d   e a r l i e r ,   w i t h   r e f e r e n c e   t o  

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

c i r c u i t   76  t o   b e c o m e   c o n d u c t i v e ,   t u r n i n g   c o n t r o l   o f   t h e  

v a l v e   30  o v e r   t o   t h e   c o n t r o l l e r   78 .   A g a i n ,   a u t o m a t i c  

i n e r t i n g   o f   t h e   p u l v e r i z e r   12  o c c u r s  u n t i l   a  r e s e t   s i g -  

n a l   i s   e s t a b l i s h e d   a l o n g   l i n e   84 ,   c a u s i n g   t h e   s w i t c h i n g  

c i r c u i t   76  t o   a g a i n   b e c o m e   n o n - c o n d u c t i v e   a n d   c a u s i n g  

t h e   v a l v e   30  t o   s w i t c h   i t s   n o r m a l l y   c l o s e d   p o s i t i o n .  



1.  A  safety  system  for  a  coal  pulverizer  (12),  the  safety  system  (8) 

compr is ing :  

means  (10,  16)  for  measuring  the  actual  net  oxygen  level  in  the  coal  

pulverizer  (12)  and  establishing  a  signal  (20)  indicative  t h e r e o f ;  

means  (36)  for  comparing  the  signal  (20)  from  the  net  oxygen 

measuring  means  (10,  16)  with  a  p rede te rmined   setpoint  signal  (38) 

indicative  of  a  potentially  hazardous  net  oxygen  level  and  establishing  a 

control  signal  (46)  therefrom;  and 

alarm  means  (26)  responsive  to  the  control  signal  (46)  to  indicate  an 

alarm  condition  indicative  of  a  potentially  hazardous  condition  in  the  coal  

pulverizer  (12). 

2.  A  safety  system  according  to  claim  1,  including:  

means  (48)  for  determining  the  actual  rate  of  carbon  monoxide  level  

change  in  the  coal  pulverizer (12)  and  establishing  a  signal  (50)  ind ica t ive  

thereof;   and 

means  (52)  for  comparing  the  signal  (50)  from  the  determining  m e a n s  

(48)  with  a  predetermined  setpoint  signal  (54)  indicative  of  a  po ten t i a l ly  

hazardous  rate  of  carbon  monoxide  level  change  in  the  coal  pulverizer  (12) 

and  establishing  a  control  signal  (62)  therefrom,   the  alarm  means  (28)  be ing  

responsive  also  to  the  control  signal  (62)  established  by  the  comparing  means  

(52). 

3.  A  safety  system  according  to  claim  1  or  claim  2,  including: 

means  (64)  for  comparing  the  signal  (20)  from  the  net  oxygen 

measuring  means  (10,  16)  with  a  second  p rede te rmined   oxygen  level  s e tpo in t  

signal  (66)  lower  than  the  f i rs t -ment ioned  prede termined   oxygen  level  

setpoint  signal  (38)  and  establishing  a  control  signal  (74)  therefrom;  and 

inerting  means  responsive  to  the  control  signal  (74)  established  by  t h e  

comparing  means  (64)  for  inerting  the  coal  pulverizer  (12). 

4.  A  safety  system  according  to  claim  3,  wherein  the  inerting  means  

includes:  



a  source  of  carbon  dioxide  for  providing  an  inerting  a tmosphere   to 

the  coal  pulverizer  (12); 

valve  means  (30)  for  controlling  the  source  of  carbon  dioxide;  and  

controller   means  (78)  responsive  to  the  signal  (20)  from  the  measur ing  

means  (10, 16)  for  controlling  the  valve  means  (30). 

5.  A  safety  system  according  to  claim  4,  including  switching  means  (76) 

mounted  between  the  controller  means  (78)  and  the  valve  means  (30)  and 

responsive  to  the  control  signal  (74)  established  by  the  comparing  means  (64) 

to  allow  control  of  the  valve  means  by  the  controller  means .  

6.  A  safety  system  for  a  coal  pulverizer  (12),  the  safety  system  (8) 

compr i s ing :  

means  for  determining  the  actual  rate  of  carbon  monoxide  l eve l  

change  in  the  coal  pulverizer  (12)  and  establishing  a  signal  (50)  i nd ica t ive  

t h e r e o f ;  

means  (52)  for  comparing  the  signal  (50)  from  the  determining  means  

with  a  p rede te rmined   setpoint  signal  (54)  indicative  of  a  po t en t i a l l y  

hazardous  rate  of  carbon  monoxide  level  change  in  the  coal  pulverizer  and 

establishing  a  control  signal  (62)  theref rom;   and  

alarm  means  (28)  responsive  to  the  control  signal  (62)  for  indicating  a 

potent ial ly  hazardous  condition  in  the  coal  pulverizer  (12). 

7.  A  safety  system  according  to  claim  6,  wherein  the  determining  m e a n s  

inc ludes :  

means  (10,  16)  for  measuring  the  actual  carbon  monoxide  level  in  t he  

coal  pulverizer  (12);  and 

a  derivative  action  controller  (48)  connected  to  the  measuring  m e a n s  

(10,  16)  for  providing  the  output  signal  (50)  indicative  of  the  rate  of  a c t u a l  

carbon  monoxide  level  change  in  the  coal  pulverizer  (12). 

8.  A  safety  system  according  to  claim  7,  including: 

means  (88)  for  comparing  a  signal  (22)  from  the  measuring  means  (10, 

16)  with  a  predetermined  setpoint  signal  (90)  indicative  of  a  haza rdous  

carbon  monoxide  level  in  the  coal  pulverizer  (12)  and  establishing  a  con t ro l  

signal  (98)  theref rom;   and 



inerting  means  responsive  to  the  control  signal  for  inerting  the  coal  

pulverizer  (12). 

9.  A  safety  system  according  to  claim  8,  including:  

means  (10,  16)  for  measuring  the  actual  net  oxygen  level  in  the  coal  

pulverizer  (12)  and  establishing  a  signal  (20)  indicative  thereof;   and 

means  (36)  for  comparing  the  signal  (20)  from  the  net  oxygen 

measuring  means  (10,  16)  with  a  predetermined  setpoint  signal  (38) 

indicative  of  a  potent ial ly   hazardous  net  oxygen  level  and  establishing  a 

control  signal  (46)  for  actuat ing  the  alarm  means  (26). 

10.  A  safety  system  according  to  claim  9,  including:  

means  (64)  for  comparing  the  signal  from  the  net  oxygen  measur ing  

means  (10,  16)  with  a  second  predetermined  oxygen  level  setpoint  signal  (66) 

lower  than  the  f i r s t -ment ioned   predetermined  oxygen  level  setpoint  signal 

(38)  and  establishing  a  control  signal  (74)  theref rom  for  actuating  t h e  

inerting  means .  

11.  A  safety  system  according  to  claim  10,  wherein  the  inerting  means  

includes:  

a  source  of  inerting  atmosphere  for  inerting  the  coal  pulverizer  (12); 

valve  means  (30)  for  controlling  the  source  of  inerting  a tmosphere ;  

and 

controller   means  (78)  responsive  to  the  signal  (20)  from  the  means  

(10,  16)  for  measuring  the  net  oxygen  level  in  the  coal  pulverizer  (12)  fo r  

controlling  the  valve  means  (30). 

12.  A  safety  system  according  to  claim  11,  including  switching  means  

(76)  mounted  between  the  controller  means  (78)  and  the  valve  means  (30) 

and  responsive  either  to  the  control  signal  (98)  from  the  comparing  means  

(88)  comparing  the  absolute  carbon  monoxide  level  in  the  coal  pulver izer  

(12)  with  the  p rede te rmined   setpoint  signal  (90)  or  the  control  signal  (74) 

from  the  comparing  means  (64)  comparing  the  net  oxygen  level  in  the  coal  

pulverizer  (12)  with  the  second  predetermined  oxygen  level  setpoint  signal 

(66)  for  allowing  control  of  the  valve  means  (30)  by  the  controller  means  

(78). 



13.  A  safety  system  for  a  coal  pulverizer  (12),  the  safety  system  (8) 

compr i s ing :  

means  (10,  16)  for  measuring  the  actual  net  oxygen  level  in  the  coal 

pulverizer  (12)  and  establishing  a  signal  (20)  indicative  t h e r e o f ;  

means  (10,  16,  48)  for  measuring  the  rate  of  change  of  carbon 

monoxide  level  in  the  coal  pulverizer  (12)  and  establishing  a  signal  (50) 

indicative  t h e r e o f ;  

comparing  means  (36,  52)  for  comparing  the  signals  (20,  50) 

established  by  the  net  oxygen  measuring  means  (10,  16)  and  the  rate  of 

carbon  monoxide  change  measuring  means  (10,  16,  48)  with  p r ede t e rmined  

setpoints  (38,  54)  for  establishing  respectively  independent   control  signals 

(46,  62)  whenever  the  predetermined  setpoints  are  exceeded;   and  

alarm  means  (26,  28)  responsive  to  either  of  the  control  signals  (46, 

62)  for  indicating  a  potential ly  hazardous  condition  in  the  coal  pulver izer  

(12). 

14.  A  safety  system  according  to  claim  13,  including: 

comparing  means  (64)  for  comparing  the  signal  (20)  indicative  of  the  

actually  measured  net  oxygen  level  in  the  coal  pulver izer   (12)  with  a  

setpoint   (66)  indicative  of  a  hazardous  condition  in  the  coal  pulverizer  and 

establishing  an  inerting  signal  (74)  whenever  the  actual  net  oxygen  level  in 

the  coal  pulverizer  exceeds  this  setpoint  (66);  and 

automat ic   inerting  means  (76,  78,  30)  responsive  to  the  inerting  signal 

(74)  for  providing  an  inerting  atmosphere  to  the  coal  pulver izer   (12). 
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