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©  Compressor  surge  control. 
©  A  surge  control  system  (18)  for  a  compressor  anticipates 
the  actual  surge  condition  and  initiates  anti-surge  protection 
in  proportion  to  the  magnitude  of  the  anticipated  surge 
condition.  This  is  done  by  providing  a  feed  forward  signal 
from  a  control  station  (20)  to  a  summing  station  (48),  along 
with  a  normally  generated  surge  control  line  point,  to  offset 
this  point  by  an  amount  determined  by  the  feed  forward 
signal.  The  offset  point  is  used  as  an  input  to  a  controller  (56) 
for  controlling  a  bypass  valve  (28)  in  a  bypass  loop  around 
the  compressor. 
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 A   surge  control  system  (18)  for  a  compressor  anticipates 
the  actual  surge  condition  and  initiates  anti-surge  protection 
in  proportion  to  the  magnitude  of  the  anticipated  surge 
condition.  This  is  done  by  providing  a  feed  forward  signal 
from  a  control  station  (20)  to  a  summing  station  (48),  along 
with  a  normally  generated  surge  control  line  point,  to  offset 
this  point  by  an  amount  determined  by  the  feed  forward 
signal.  The  offset  point  is  used  as  an  input  to  a  controller  (56) 
for  controlling  a  bypass  valve  (28)  in  a  bypass  loop  around 
the  compressor. 



This  invention  relates  to  surge  control  systems  for  compressors  and 

to  methods  of  controlling  compressors .  

Surge  conditions  occur  in  a  centr i fugal   compressor  when  the  inlet  

flow  is  reduced  to  the  extent  that  the  compressor ,   at  a  given  speed,  can  no 

longer  pump  against  the  existing  pressure  head.  At  this  point,  a  m o m e n t a r y  

reversal  of  flow  occurs,  along  with  a  drop  in  pressure  head.  Normal  

compression  resumes  and  the  cycle  repeats .   This  causes  a  pulsation  and 

shock  to  the  entire  compressor  and  piping  a r rangement .   If  left  uncontrol led,  

damage  and  danger  to  the  compressor  could  r e s u l t .  

All  centrifugal  compressors  are  supplied  with  charac ter is t ic   and 

setpoint  curves  defining  the  zones  of  operat ion  for  the  compressor.  These 

compressor  "maps"  illustrate  the  surge  area  and  the  "stonewall"  area  or  

pumping  limit  of  the  turbomachinery.   As  shown  in  Figure  la  of  the  

accompanying  drawings,  the  surge  limit  line  is  plotted  against  a  d i scharge  

pressure  versus  flow  rate  relationship.  Taking  into  account  no  changes  in 

speed,  flow,  pressure,  or  inlet  gas  t empera tu re   the  surge  control  line  can  be  

plotted  with  this  equa t ion .  

Three  common  forms  of  presently  used  surge  control  lines  are  shown 

in  Figures  la  to  1c  of  the  accompanying  drawings.  The  one  position  of  this 

line  is  parallel  to  the  surge  limit  line  (Figure  la).  To  minimize  r ec i r cu la t ion ,  

the  surge  control  line  should  be  set  as  close  to  the  surge  limit  line  as 

possible.  Setting  the  control  line  with  a  slope  less  than  that  of  the  limit  line 

(Figure  1b)  can  lead  to  excess  recirculat ion  at  high  pressures,  and  surge  a t  

low  pressures  during  stopping  and  startup.  The  third  method  is  to  select  a 

minimum  safe  volumetric  flow,  and  set  a  vert ical   control  line  (Figure  1 c ) .  

This  can  lead  to  excess  recirculation  at  low  pressures,  and  surge  at  high 



pressures.   Many  systems  measure  flow  in  the  discharge  without  co r rec t ing  

for  suction  conditions.  This  gives  maximum  rec i rcula t ion  with  minimum 

surge  p ro t ec t i on .  
In  the  various  surge  controls,  control  is  accomplished  by  opening  a 

bypass  valve  around  the  compressor  or  blowing  off  gas  to  atmosphere  to  

maintain  minimum  flow  through  the  compressor.   Since  bypassing  or  blowing 

off  gas  wastes  power,  it  is  desirable  to  determine  surge  flow  as  a c c u r a t e l y  

as  possible  to  avoid  bypassing  gas  unnecessari ly  while  maintaining  sa fe  

operat ion.   However,  determining  surge  flow  is  often  not  a  simple  m a t t e r ,  

but  a  complex  one.  Surge  flow  for  a  compressor  is  not  a  fixed  quantity,  but  

is  related  to  other  variables.  Where  other  variables  substantial ly  a f f e c t  

surge  flow,  they  must  be  measured  and  included  in  the  surge  sys tem.  

However,  present  surge  systems  control  surge  only  as  a  function  of  surge 

control  line  and  make  no  provisions  for  an t ic ipa tory   action  from  a  contro l led  

variable  by  way  of  a  feed  forward  signal  of  such  va r i ab le .  

According  to  the  present  invention  there  is  provided  a  surge  cont ro l  

system  for  a  centrifugal   compressor  having  an  associated  surge  line  and  a 

bypass  line,  the  surge  control  system  compr is ing:  

first  means  for  establishing  a  main  surge  control  line  a  p r e d e t e r m i n e d  

distance  from  the  compressor  surge  line  and  identifying  a  point  t he reon ;  

second  means  for  establishing  a  feed  forward  control  signal  of  a 

process  variable  which  may  cause  a  surge  condition  in  the  cen t r i fuga l  

c o m p r e s s o r ;  

summing  means  for  combining  the  signals  of  the  first  means  and 

second  means  to  provide  an  anticipatory  surge  control  line  offset  from  the  

main  surge  control  line  of  the  first  means  in  proportion  to  the  magnitude  of 

the  signal  from  the  second  means  and  a  control  signal  indicative  t he reo f ;  

and  

b y p a s s   valve  control  means  connected  to  the  summing  means  for 

varying  the  amount  of  bypass  across  the  centr i fugal   compressor  in  response 

to  the  control  signal  from  the  summing  means .  

The  invention  also  provides  a  method  of  controlling  surge  in  a 

centr i fugal   compressor  having  a  predetermined  surge  condition  line,  the 

method  comprising  the  steps  of:  

establishing  a  main  surge  control  line  offset  from  the  compressor  

surge  condition  line  according  to  a  function  of  pressure  d i f f e ren t i a l s  

associated  with  the  compresso r ;  



establishing  a  feed  forward  control  signal  which  Is  a  function  of  a 

system  variable  which  may  cause  the  surge  condition  In  the  compressor;  and 

establishing  an  ant ic ipatory  surge  control  line  offset  from  the  main 

surge  control  line  as  a  function  of  the  established  main  surge  control  line 

and  the  established  feed  forward  control  s ignal .  

A  preferred  embodiment   of  the  present  Invention  descr ibed 

hereinbelow  solves  or  at  least  a l leviates   the  problems  associated  with  prior  

art  surge  controls  by  providing  a  surge  control  system  for  a  compressor  
which  will  anticipate  a  surge  condition  in  advance  of  the  normal  surge 
control  line  and  will  initiate  ant i -surge  action  prior  to  that  initiated  by  t h e  

surge  control  line.  To  accomplish  this,  a  feed  forward  control  signal  from  a 

controlled  variable  other  than  one  used  to  establish  the  surge  control  line  is 

utilised  to  establish  a  second  or  an t ic ipa tory   surge  control  line  which  is 

offset  from  the  main  surge  control  line  and  which  will  initiate  an t i -surge  

protect ion  in  advance  of  the  main  surge  control  line.  This  second  surge 
control  line  will  provide  a  variably  offset   control  point  from  the  main  surge 

control  line  which  will  depend  on  the  variation  of  the  controlled  variable.  

Thus,  a  large  change  in  the  control led  variable  will  provide  a  larger  o f f se t  

than  a  small  change  and  will  give  more  advanced  warning  of  an  oncoming 

surge.  The  preferred  surge  control  system  thus  has  an  advanced  w a r n i n g  

capability  of  an  oncoming  surge  condition,  and  has  more  advance  warning 

for  larger  anticipated  surge  condi t ions .  

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

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

which:  

Figure  1  is  a  series  of  three  curves  showing  prior  art  or  known 

compressor  surge  control  lines; 

Figure  2  is  a  schematic   view  of  reciprocat ing  and  cen t r i fuga l  

compressors  using  a  surge  control  system  embodying  the  present  invention; 

Figure  3  is  a  schematic  view  of  the  surge  control  system  of  Figure  2; 

and 

Figure  4  is  a  curve  of  compressor   discharge  pressure  vs  flow  r a t e  

showing  the  relationship  of  an  an t ic ipa tory   surge  control  line  of  the  sys tem 

embodying  the  present  invention  to  the  known  compressor  surge  control  

lines. 



Figure  2  of  the  drawings  shows  a  parallel  compressor  system  10 

having  a  rec iprocat ing  compressor  12  parallel  connected  to  a  cen t r i fuga l  

compressor  14  used  to  provide  an  output  pressure  at  an  output  line  16.  The 

reciprocat ing  compressor  12  acts  as  a  base  load  machine  and  can  o p e r a t e  

normally  in  one  of  two  different  capaci t ies;   50%  and  100%  of  its  ou tput  

pressure.  This  change  of  capacity  from  100%  to  50%  ini t iates  a  surge 
condition  in  the  compressor  14  and  forms  the  basis  of  the  advance  warning 

system  for  a  surge  control  system  18. 

The  centr ifugal   compressor  14  acts  as  a  booster  in  the  para l le l  

ar rangement ,   and  because  it  is  a  dynamic  machine  (vs  positive  d i s p l a c e m e n t  

like  the  rec iproca t ing   compressor  12)  it  has  the  potential  of  surging  because  

of  the  decrease   in  f low. 

As  a  command  from  a  MNL/AUTO  (manual /automat ic)   stat ion  20  for  

the  base  load  compressor  decreases  the  demand  from  the  r e c i p r o c a t i n g  

compressor  12  from  100%  to  50%,  an  incipient  surge  condition  is  produced.  

This  potent ial   surge  condition  is  provided  as  an  input  along  a  line  22 

to  the  surge  control  system  18  which,  as  may  be  best  seen  in  Figure  4, 

establishes  an  offset  anticipatory  surge  control  line  24  offset  from  the  usual 

surge  control   line  26.  Thus,  control  of  the  bypass  valve  28  allowing  t he  

bypass  of  flow  across  the  centr ifugal   compressor  along  a  line  30  is  in i t i a t ed  

by  the  surge  control  system  18  prior  to  the  surge  being  init iated  across  the  

centrifugal  compressor  14. 

With  part icular   reference  to  Figures  3  and  4,  the  surge  cont ro l  

system  18  is  schematical ly  depicted  in  SAMA  Standard  RC22-11-1966  

notation  with  the  symbols  applicable  to  mechanical,  pneumatic,   or 

electronic  control  sys tems .  

Measured  variables  A  P o  and  Å P c  represent,   respect ively,   the  

pressure  d i f ferent ia ls   across  an  orifice  32  in  an  inlet  line  34  of  t he  

centrifugal  compressure  14  and  the  differential   pressure  across  the  

centrifugal  compressor.   These  measured  variables  are  inputted  into  a 

function  genera tor   36  which  develops  an  output  at  a  line  40  r e p r e s e n t a t i v e  

of  the  surge  control  line  26  which  is  substantially  parallel  to  a  compressor  

surge  line  38  and  a  predetermined  distance  K  to  the  right  of  the  surge  line 

38. 

A  comparison  station  42  compares  the  surge  control  line  ou tpu t  

developed  at  the  line  40  with  the  measured  speed  ST  of  the  cen t r i fuga l  



compressor  14,  thus  locating  the  intersect ion  44  of  a  particular  compressor  

rotation  speed  point  N.  and  the  surge  control  line  26. 

This  in tersect ion  point  44  is  t r ansmi t ted   along  a  line  46  to  an  adding 

station  48  where  the  ant ic ipatory  surge  signal  is  added  from  the  line  22.  This 

ant ic ipatory  signal  is  from  a  process  variable;  namely,  a  manual  or  

automatic   demand  variation  on  the  base  load,  which  will  cause  the  surge  
condition.  Clearly,  the  greater   the  signal  from  this  process  variable  t he  

greater   the  additive  signal  to  the  summing  station  48  and  the  greater   t h e  

offset  of  the  ant ic ipatory   surge  control  line  24  from  the  main  surge  con t ro l  

line  26.  Thus,  the  end  result  of  the  summing  station  48  is  to  move  the  poin t  
44  to  a  point  50  on  the  line  24. 

This  point  50  defines  a  cer ta in  flow  rate  of  the  compressor  14  which 

is  compared  in  a  difference  stat ion  52  with  an  actual  measured  compres so r  
flow  rate  F T  supplied  along  a  line  54  to  the  difference  station  52.  This  adds 

a  cascaded  control  to  the  surge  control  system  18  by  providing  a  m e a s u r e d  

secondary  variable  to  the  feed  forward  ant ic ipatory  variable,  thus  providing 

better  per formance   by  coupling  stability  with  fast  response  and  rap id  

compensation  for  process  d i s t u r b a n c e s .  

The  output  of  the  d i f ference  station  52  is  provided  along  a  line  55  t o  

a  proportional  and  integral  action  control ler   56  having  a  predetermined  s e t  

point  which  will  then  control  the  final  control  element  28;  namely,  the  valve 

controlling  the  amount  of  bypass  in  the  line  30  to  stop  the  surge  condition  by 

allowing  the  starved  compressor  14  inlet  34  to  utilise  compressor  14  o u t l e t  

fluid  from  a  line  58. 

The  proportional  plus  integral   controller   56  has  an  ant iwindup 
feature.   The  antiwindup  feature  is  necessary  due  to  the  nature  of  t h e  

proportional  and  integral  functions.  Normally,  the  compressor  14  operates  in 

an  area  some  distance  from  the  surge  control  line  16,  resulting  in  an  o f f s e t  

between  the  measurement   and  the  set  point  of  the  controller  56.  As  a  r e su l t ,  

the  output  signal  winds  up  to  its  high  or  low  l imi t .  

Antiwindup  adjusts  the  integral   loading  to  shift  the  proportional  band 

to  the  same  side  of  the  control  line  that  the  measurement   is  on  when  t h e  

controller  reaches  its  output  limit.  Then,  if  the  control  line  is  approached  

rapidly,  the  measurement   enters  the  proport ional   band  and  control  s t a r t s  

before  the  valve  reaches  the  control  line.  Therefore,  overshoot  is 

e l imina ted .  



Der iva t ive   control  is  not  used,  because  it  can  open  the  an t i - su rge  

valve  far  from  the  surge  line  and  can  cause  system  oscillations.  Rapid  

oscil lat ions  in  flow,  even  in  the  safe  operating  zone,  can  cause  the  valve  t o  

open  because   of  the  character is t ics   of  the  derivative  r esponse .  
As  soon  as  the  controller  56  sees  a  deviation  in  set  point  and  p rocess  

variable,  it  will  commence  to  control  the  valve  28  to  open  to  offset  an 

incipient  surge  condition.  This  is  the  normal  mode  of  control.   Because  o f  

the  an t i c ipa to ry   feed  forward  signal  along  the  line  22  to  the  summing  

station  48,  this  control  of  the  surge  condition  will  occur  before  t he  

compressor   14  begins  to  see  the  effects  and  large  or  small  surge  caus ing 

conditions  are  easily  taken  care  of  by  providing  earl ier   anticipation  for  

larger  surge  condi t ions .  



1.  A  surge  control  system  for  a  centrifugal   compressor  (14)  having  an 

associated  surge  line  (38)  and  a  bypass  line  (30),  the  surge  control  s y s t em 

(18)  compr is ing :  

first  means  for  establishing  a  main  surge  control  line  (26)  a 

predetermined  distance  (K)  from  the  compressor  surge  line  (38)  and 

identifying  a  point  (44)  thereon;  

second  means  for  establishing  a  feed  forward  control  signal  of  a 

process  variable  which  may  cause  a  surge  condition  in  the  cen t r i fuga l  

compressor  (14); 

summing  means  (48)  for  combining  the  signals  of  the  first  means  and 

second  means  to  provide  an  ant ic ipatory   surge  control  line  (24)  offset  f rom 

the  main  surge  control  line  (26)  of  the  first  means  in  proportion  to  t h e  

magnitude  of  the  signal  from  the  second  means  and  a  control  signal 

indicative  thereof;   and 

bypass  valve  control  means  (56)  connected  to  the  summing  means  (48) 

for  varying  the  amount  of  bypass  across  the  centrifugal  compressor  (14)  in 

response  to  the  control  signal  from  the  summing  means.  

2.  A  surge  control  system  according  to  claim  1,  wherein  the  second 

means  includes  a  control  station  (20)  for  varying  the  load  requirements  o f  

the  centr ifugal   compressor  (14). 

3.  A  surge  control  system  according  to  claim  1,  where in :  

a  reciprocat ing  compressor  (12)  is  parallel  connected  with  t h e  

centrifugal  compressor  (14); 

a  control  station  (20)  is  provided  for  varying  the  output  pressure  o f  

the  reciprocat ing  compressor  (12);  and 

the  second  means  includes  a  control  line  (22)  connected  between  the  

control  station  (20)  and  the  summing  means  (48)  for  allowing  t h e  

anticipatory  surge  control  line  (24)  to  be  offset  by  the  pressure  change 

requirements   on  the  reciprocating  compressor  (12). 

4.  A  surge  control  system  according  to  claim  1,  claim  2  or  claim  3, 

wherein  the  first  means  includes: 



a  function  generator  (36)  responsive  to  input  signals  indicative  o f  

pressure  d i f ferent ia ls   ( Δ P o ,   Δ P c )   associated  with  the  c e n t r i f u g a l  

compressor  (14)  for  establishing  the  main  surge  control  line  (26)  parallel  t o  

the  surge  line  (38); 

means  for  establishing  a  signal  (ST)  indicative  of  speed  of  t h e  

centr ifugal   compressor  (14);  and 

means  (42)  for  combining  the  signals  of  the  function  generator   (36) 

and  the  compressor   speed  establishing  means  into  a  signal  indicative  of  t h e  

point  (44)  of  centr ifugal   compressor  operation  on  the  main  surge  control  l ine 

(26). 

5.  A  surge  control  system  according  to  claim  4,  wherein  the  first  means  

generates   a  cascaded  signal  (54)  indicative  of  compressor   flow  combined  

with  a  signal  from  the  second  means  to  ensure  a  p rede te rmined   flow  th rough  

the  cen t r i fuga l   compressor  (14). 

6.  A  method  of  controlling  surge  in  a  centr ifugal   compressor  (14)  having 

a  p r ede t e rmined   surge  condition  line  (38),  the  method  comprising  the  s t eps  

of: 

establishing  a  main  surge  control  line  (26)  offset  from  the  c o m p r e s s o r  

surge  condition  line  (38)  according  to  a  function  of  pressure  d i f f e r e n t i a l s  

(A  P ,  A  P  )   associated  with  the  compressor  (14); 

establishing  a  feed  forward  control  signal  which  is  a  function  of  a 

system  variable  which  may  cause  the  surge  condition  in  the  compressor  (14); 

and 

establishing  an  ant icipatory  surge  control  line  (24)  offset  from  t h e  

main  surge  control  line  (26)  as  a  function  of  the  establ ished  main  su rge  
control  line  and  the  established  feed  forward  control  s igna l .  

7.  A  method  according  to  claim  6,  wherein  the  main  surge  control  l ine 

(26)  is  establ ished  parallel  to  the  surge  condition  line  (38)  and  offset  a  

p rede te rmined   amount  (K)  t h e r e f r o m .  

8.  A  method  as  set  forth  in  claim  7,  wherein  the  ant ic ipatory  su rge  

control  line  (24)  is  offset  from  the  main  surge  control  line  (26)  by  an  a m o u n t  

proportional  to  the  magnitude  of  the  established  feed  forward  control  s ignal .  



9.  A  method  according  to  claim  6,  claim  7  or  claim  8,  wherein  a 

reciprocating  compressor  (12)  is  parallel  mounted  with  the  cen t r i fuga l  

compressor  (14)  and  has  a  switchable  pressure  output  operat ion,   the  feed  

forward  control  signal  being  a  signal  monitoring  the  condition  of  the  

switchable  pressure  ou tpu t .  

10.  A  method  according  to  claim  9,  wherein  a  valve  (28)  for  control l ing 

the  flow  of  fluid  in  a  bypass  path  (30)  across  the  centrifugal  compressor   (14) 

is  controlled  according  to  the  relative  position  of  a  measured  point  with 

respect  to  the  ant ic ipatory  surge  control  line  (24). 
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