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A b s t r a c t  
 

T h e  s e le c t e d  p rob le m s  of  t h e  d e ve lop m e nt  of  a  s i ng le  a c t i ng  e le c t ro-
p ne u m a t i c  p os i t i one r i nt e nd e d  f or t h e  u s e  w i t h  t h e  li ne a r a nd  rot a ry  f i na l 
c ont rol e le m e nt s  h a ve  b e e n p re s e nt e d  i n t h i s  p a p e r. T h e  s t ru c t u re  of   
a  d e ve lop e d  p os i t i one r h a s  b e e n b ri e f ly  d e s c ri b e d . Pa rt i c u la r a t t e nt i on w a s  
p a i d  t o t h e  c onc e p t  of  d e ve lop m e nt  of  a p p li c a b le  f e e d b a c k  f a u lt  t ole ra nt  
e le c t ro-p ne u m a t i c  a c t u a t or. E x a m p le  of  i nd u s t ri a l i m p le m e nt a t i on of  t h e  
p re s e nt e d  p os i t i one r h a s  b e e n p re s e nt e d . 
 
K e y w o r d s :  a c t u a t ors , f i na l c ont rol e le m e nt s , f a u lt  t ole ra nt  s y s t e m s , f a u lt  
d e t e c t i on a nd  i s ola t i on. 
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S t r e s z c z e n i e  

 
W  a rt y k u le  p rz e d s t a w i ono w y b ra ne  a s p e k t y  k ons t ru k c j i  u s t a w ni k a   
e le k t rop ne u m a t y c z ne g o p rz e z na c z one g o d o s t os ow a ni a  w  u rz ą d z e ni a c h  
w y k ona w c z y c h  a u t om a t y k i  w y p os a ż ony c h  w  s i ł ow ni k  p ne u m a t y c z ny  
j e d nos t ronne g o d z i a ł a ni a  o ru c h u  li ni ow y m  lu b  ob rot ow y m  t ł oc z y s k a . 
Prz e d s t a w i ono og ó lną  s t ru k t u rę  u s t a w ni k a . N a s t ę p ni e  z a p re z e nt ow a no 
k onc e p c j ę  re a li z a c j i  u k ł a d u  t ole ru j ą c e g o u s z k od z e ni a  t oru  s p rz ę ż e ni a  
z w rot ne g o u s t a w ni k a . Prz e d s t a w i ono ró w ni e ż  p rz y k ł a d  w d roż e ni a  
p rz e m y s ł ow e g o u s t a w ni k a . 
 
S ł o w a  k l u c z o w e :  e le m e nt y  w y k ona w c z e  a u t om a t y k i , s y s t e m y  t ole ru j ą c e  
u s z k od z e ni a , d e t e k c j a  u s z k od z e ń . 
 1 .  I n t r o d u ct io n  
 
C o nt ro l  t as k s  o f  t echno l o gical  p ro ces s es  can be general l y  

def ined in t erm s  o f  act ing o n t he energy  and m as s  f l o w s .  A ct u at o rs  
( f inal  co nt ro l  el em ent s )  are ap p l ied f o r act ing o n t hes e f l o w s .   T he 
act u at o rs  are ins t al l ed m ainl y  in hars h env iro nm ent s ,  e. g. ,  in:  high 
t em p erat u re,  high p res s u re,  high hu m idit y ,  and t y p ical l y  are 
s u rro u nded by  du s t y  p o l l u t ant s ,  chem ical  s o l v ent s ,  aggres s iv e 
m edia,  et c.  ( F ig.  1 ) .  T his  has  t he cru cial  inf l u ence o n t he f inal  
co nt ro l  el em ent  p redict ed l if et im e.  A s  ex am p l es  f ro m  indu s t rial  
p ract ice s ho w ,  t he m ean l if et im e o f  act u at o rs  m ay  be as  s ho rt  as  
ap p ro x im at el y  8  w eek s .      
 M al f u nct io n o r f ail u res  o f  act u at o rs  cau s e l o ng-t erm  p ro ces s  

dis t u rbances  o r ev en s o m et im es  f o rce u s  t o  s hu t  t he ins t al l at io n 
do w n.  M o reo v er,  f inal  co nt ro l  el em ent s  f au l t s  m ay  l o w er t he f inal  
p ro du ct  q u al it y  and cau s e reas o nabl e eco no m ic l o s s es .  
A p p ro x im at el y  4 0 %  o f  f au l t s  in indu s t rial  ins t al l at io ns  and co nt ro l  
s y s t em s  are cau s ed by  f au l t s  o f  f inal  co nt ro l  el em ent s .  H ence 
aris es  t he need o f  dev el o p m ent  and ap p l icat io n o f  m o re ro bu s t  and 
f au l t  t o l erant  dev ices .  T he o n-l ine diagno s t ics  o f  f inal  co nt ro l  
el em ent s  is  ap p l ied in t he indu s t rial  p ract ice t o  ens u re a p ro p er 
f au l t  p rev ent io n at  a s u f f icient l y  earl y  s t age.  P erm anent  o r 
o ccas io nal l y  p erf o rm ed diagno s is  o f  act u at o rs  s ignif icant l y  cu t s  
t he ins t al l at io n m aint enance co s t s .    
 

  
F i g .  1 .   H i g h  t em p er at u r e ( u p  t o 7 5 ˚ C )  an d  d u s t y  en v i r on m en t  s i g n i f i c an t l y  c u t  

d own  t h e ac t u at or  l i f et i m e ap p l i ed  i n  t h e b oi l er  s ec t i on  of  a p ower  s t at i on .  
S n ap  was  t ak en  af t er  t wo m on t h s  of  p u t t i n g  a n ew p os i t i on er  f or  t h e op er at i on   

R y s .  1 .   W y s ok a t em p er at u r a p r ac y  ( d o 7 5 ˚ C )  or az  d u ż e z ap y l en i e s ą  i s t ot n y m i  
c z y n n i k am i  og r an i c z aj ą c y m i  ż y wot n oś ć  el em en t ó w wy k on awc z y c h .  
F ot og r af i a p r z ed s t awi a u s t awn i k  z ai n s t al owan y  w u k ł ad z i e s t er owan i a  
d y s z  O F F A  w k ot l e w z awod owej  el ek t r own i  wę g l owej .  Zd j ę c i e  
wy k on an o p o d wó c h  m i es i ą c ac h  od  d n i a z ai n s t al owan i a u s t awn i k a 

 
O n-l ine diagno s is  o f  act u at o rs  can be acco m p l is hed eit her by  

t he ap p l icat io n o f  a rem o t e s u p erv is o ry  diagno s t ic s y s t em s ,  o r 
au t o no m o u s l y  by  t he act u at o rs  t hem s el v es .  T his ,  ho w ev er,  needs  
m ak e u s e f ro m  l o cal  int el l igence [ 6 ,  1 1 ,  1 2 ] .  T hes e int el l igent  
t echniq u es  and co ndit io n m o nit o ring are p o p u l ar in ap p l ied co nt ro l  
engineering res earch and dev el o p m ent ,  and t here are no w  m any  
real  ap p l icat io ns .  H o w ev er,  t hey  do  no t  p ro v ide m eans  o f  
m o nit o ring and diagno s is  o f  t he o v eral l  p l ant  at  bo t h l o cal  and 
gl o bal  l ev el s ,  as  req u ired f o r t he rel iabl e o p erat io n o f  co m p l ex  and 
highl y  int erco nnect ed p ro ces s  s y s t em s .  W hat  is  in f act  req u ired,  is  
a co m binat io n o f  t he l o cal  int el l igence w it h a m o re adv anced 
diagno s t ic cap abil it y  ( co m bining f au l t  m o nit o ring and diagno s is  at  
bo t h l o cal  and gl o bal  l ev el s )  t o  p erf o rm  F D I  f u nct io ns  o n as  m any  
p ro ces s  p l ant  co m p o nent s  as  p o s s ibl e [ 8 ] .  O n-l ine diagno s is  o f  
act u at o r co m p o nent s  p ro v ides  a v al u abl e high-l ev el  inf o rm at io n 
f o r t he p ro ces s  o p erat o rs .  T his  inf o rm at io n is  f u ndam ent al  f o r t he 
decis io n m ak ing p ro ces s  abo u t  t he act io ns  t o  be u ndert ak en f o r t he 
adj u s t m ent  o f  l o s s es  cau s ed by  t he f ail u re o r f ail u res .  T hes e 
act io ns ,  ho w ev er,  req u ire u s  t o  hav e t im e.  P ro l o ngat io n o f  t he 
f au l t y  s t at e o f  t he ins t al l at io n o r it s  p art  t y p ical l y  brings  addit io nal  
l o s s es .  F au l t  t o l erant  co nt ro l  [ 3 ,  7 ]  m ay  hel p  u s  t o  s o l v e t he 
p ro bl em  and m inim iz e l o s es .   
 2 .  The  act u at o r  

 
T he act u at o r t y p ical l y  p l ay s  t he ro l e o f  t he p o w er bo o s t er in t he 

co nt ro l  s y s t em  s t ru ct u res  [ 1 ] .  I t  is  p l aced t y p ical l y  bet w een t he 
co nt ro l l er and t he co nt ro l l ed s y s t em  ( F ig.  2 ) .  H ere,  CV s ignal  
p l ay s  t he ro l e o f  t he act u at o r ref erence s ignal ,  and F  p l ay s  t he ro l e 
o f  t he act u at o r p ro ces s  v al u e.  G eneral l y ,  an act u at o r m ay  be 
co ns idered as  a cl o s ed l o o p  au t o no m o u s  s u bs y s t em .   
 
 
 

Actuator CV F e L C on trol l e r S y s te m  S P  

P V 

T ran s d uce r 
  

F i g .  2 .    T h e p l ac em en t  of  t h e ac t u at or  i n  t h e c on t r ol  s y s t em .  N ot i on s :  S P - s et p oi n t ;  
P V -p r oc es s  v al u e;  e-c on t r ol  er r or ;  C V -c on t r ol  v al u e,  F ,  L  - p h y s i c al  v al u es  
d ep en d i n g  on  t h e c on t r ol l ed  s y s t em  

F i g .  2 .    M i ej s c e el em en t u  wy k on awc z eg o w u k ł ad z i e au t om at y k i .  O z n ac z en i a:   
S P - war t oś ć  z ad an a;  P V - wi el k oś ć  m i er z on a ;  e- od c h y ł k a r eg u l ac j i ;   
C V - s y g n ał  s t er u j ą c y ,  F ,  L  – s t r u m i eń  ob j ę t oś c i owy  i  p oz i om  m ed i u m :  
s y m b ol e wi el k oś c i   p r z y k ł ad owy c h  z m i en n y c h  p r oc es owy c h  z al eż n y c h   
od  k on k r et n ej  r eal i z ac j i  s y s t em u  s t er owan i a 
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In the simplest case, if one neglects the dynamics, the actuator 
may be considered as the follow  up system described by the unity 
transfer function.  A ctuators need to be pow ered.  T his pow er is 
deliv ered in the mechanical or electrical form, and is conv erted 
into the actuator output pow er.  In this paper w e w ill be dealing 
w ith air supplied actuators.  T hese dev ices belong to a w ide 
subclass of actuators commonly used in the industrial practice.   
T he actuator is considered here as an assembly consisting of the 

follow ing components:  
• control v alv e, 
• single action spring-and-diaphragm pneumatic serv omotor, 
• positioner.  
T he control v alv e acts on the flow  of the fluid passing through 

the pipeline installation.   A  serv omotor carries out a change in the 
position of the control v alv e plug, thus acting on the fluid flow  
rate.  A  spring-and-diaphragm pneumatic serv omotor is  
a compressible fluid pow ered dev ice in w hich the fluid acts upon 
the flex ible diaphragm to prov ide a linear motion of the 
serv omotor stem.   T he positioner is a dev ice applied to eliminate 
the control-v alv e-stem miss-positions produced by the ex ternal or 
internal sources such as:  friction, clearances in mechanical 
assemblies, supply pressure v ariations, hydrostatic and 
hydrodynamic forces acting on the v alv e’ s plug, etc.  
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F i g .  3 .    S i m p l i f i e d  s t r u c t u r e  o f  a n  e l e c t r o -p n e u m a t i c  a c t u a t o r  
 N o t i o n s :   

APS - p o s i t i o n e r  a i r  s u p p l y  s y s t e m   
C V - p r o c e s s  c o n t r o l  v a l u e  
I  - i n t e r n a l  s i g n a l  a c t i n g  o n  t h e  e l e c t r o -p n e u m a t i c  t r a n s d u c e r  
E / P - e l e c t r o -p n e u m a t i c  t r a n s d u c e r  
F - f l o w  r a t e  o f  t h e  f l u i d  i n  t h e  m a i n  p i p e l i n e   
Fv  - f l o w  r a t e  o f  t h e  f l u i d  i n  t h e  c o n t r o l  v a l v e   
Fv 3 - f l o w  r a t e  o f  t h e  f l u i d  i n  t h e  a c t u a t o r  b y -p a s s  p i p e l i n e   
P - p o s i t i o n e r   
Ps  - E / P  t r a n s d u c e r  o u t p u t  p r e s s u r e  
PVX - s t e m  p o s i t i o n  p r o c e s s  v a l u e  
S - p n e u m a t i c  s e r v o m o t o r   
V - c o n t r o l  v a l v e  
V1, V1, V3 - c u t -o f f  v a l v e s   
X - s t e m   p o s i t i o n  
Z C  - a u t o n o m o u s  p o s i t i o n e r  c o n t r o l l e r  
Z T  - s t e m  p o s i t i o n  t r a n s m i t t e r  

R y s .  3 .    U p r o s z c z o n a  s t r u k t u r a  e l e k t r o p n e u m a t y c z n e g o  e l e m e n t u  w y k o n a w c z e g o  
 O z n a c z e n i a :   

APS - s y s t e m  z a s i l a n i a  p n e u m a t y c z n e g o  u s t a w n i k a   
C V - w i e l k o ś ć  s t e r u j ą c a  
I  - s y g n a ł  s t e r u j ą c y  p r z e t w o r n i k  e l e k t r o p n e u m a t y c z n y  
E / P - p r z e t w o r n i k  e l e k t r o p n e u m a t y c z n y  
F - s t r u m i e ń  o b j ę t o ś c i o w y  m e d i u m  w  r u r o c i ą g u   
Fv  - s t r u m i e ń  o b j ę t o ś c i o w y  m e d i u m  w  z a w o r z e  s t e r u j ą c y m  
Fv 3 - s t r u m i e ń  o b j ę t o ś c i o w y  m e d i u m  w  r u r o c i ą g u  o b e j ś c i o w y m  
P - u s t a w n i k  p o z y c y j n y  
Ps  - c i ś n i e n i e  n a  w y j ś c i u  p r z e t w o r n i k a   E / P  
PVX - z m i e n n a  p r o c e s o w a  – p r z e m i e s z c z e n i e  t ł o c z y s k a  s i ł o w n i k a  
S - s i ł o w n i k  p n e u m a t y c z n y   
V - z a w ó r  s t e r u j ą c y  
V1, V1, V3 - z a w o r y  o d c i n a j ą c e  s t e r o w a n e  r ę c z n i e   
X - p r z e m i e s z c z e n i e  t ł o c z y s k a  s i ł o w n i k a  
Z C  - r e g u l a t o r  w e w n ę t r z n y  u s t a w n i k a  
Z T  - n a d a j n i k  p o ł o ż e n i a  t ł o c z y s k a  

A n actuator may be considered as a set of tw o subsystems 
( F ig.  4 ) .  T he first subsystem is the closed-loop system that 
transforms the ex ternal control v alue signal CV into the physical 
position X of the stem of the pneumatic serv omotor.   T his 
subsystem consists of the positioner P and the pneumatic 
serv omotor S.   T he second subsystem is the feed-forw ard 
subsystem that transforms the serv omotor’ s stem displacement X 
into the fluid flow  rate F according to the specific flow  
characteristics of the control v alv e V .  C ut-off v alv es V1 ,  V2 ,  V3  
mak e easier installing, dismounting, diagnostics and maintenance 
of the control v alv e.   
 
 

CV   I F P s  

P z  

F v  

F v 3 
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F i g .  4 .    S i m p l i f i e d  c a u s a l  g r a p h  o f  t h e  e l e c t r o -p n e u m a t i c  a c t u a t o r   
R y s .  4 .    U p r o s z c z o n y  g r a f  p r z y c z y n o w o -s k u t k o w y  e l e k t r o p n e u m a t y c z n e g o  

e l e m e n t u  w y k o n a w c z e g o   
 
S tem position X prov ides the feedback  signal for the positioner 

controller Z C .  F eedback  should be considered as a system 
consisting of mechanical and electrical parts.  M echanical part of 
the feedback  is v ery often prone to failures.  
T he feedback  fault, regardless on w here it has originated, either 

in a mechanical or an electric part, may cause spurious behav iour 
of the serv omotor stem position.  In general, this fault cannot be 
compensated by the ex ternal control loop show n in F ig.  2 .  If the 
positioner feedback  fault w ill be recogniz ed by the ex ternal or 
internal diagnostic system, then the proper actions should be 
undertak en immediately.  D uring the repair or replacement of the 
positioner, the system should be controlled manually by means of 
cut-off hand-driv en v alv es.        
 
3. C o n c e p t  o f  t h e  f e e d b a c k  f a u l t  t o l e r a n t   

p o s i t i o n e r  
 
T ak ing into account the abov e presented considerations, a nov el 

feedback  fault tolerant actuator ( F F T A )  concept has been 
proposed [ 2 ] .  T his concept assumes that the positioner should not 
lose its control functions in the case of the feedback  fault.  
H ow ev er, an intermediate setback  or low ering of the control 
q uality factors may tak e place.  T he block  structure of the F F T A  
has been presented in F ig.  5 .  G enerally it w as assumed that the 
positioner may use  the local intelligence.  T his giv es us the 
opportunity to apply these positioners in systems that are 
superv ised or not by ex ternal diagnostic and monitoring systems 
[ 1 0 ] .  M oreov er, the application of this concept is possible in 
positioners w ith either analogue or digital signalling.  T he concept 
of F F T A  is based principally on the application of the hardw are 
and softw are redundancy.  E lectro-pneumatic transducer ( 4 )  
controls the air pressure in the chamber of a spring-and-diaphragm 
pneumatic serv omotor ( 6 ) .  T he change of the air pressure in the 
chamber is transformed into the displacement of the pneumatic 
serv omotor stem ( 7 )  w hich changes the control v alv e ( 8 )  cross-
section.  T he displacement of the pneumatic serv omotor stem ( 7 )  is 
measured by the stem position transducer ( 9 )  of the positioner.  
T he feedback  consists of mechanical and electric parts.  T he 
displacement signal is fed to the controller ( 1 ) .  T he controller ( 1 )  
generates a control v alue on its output X  based on process setpoint 
( 1 1 )  and feedback  signal ( 1 3 ) .  In the fault free state, this output is 
fed  to the input of the electro-pneumatic transducer ( 4 )  by sw itch 
w hich is normally closed ( 3 ) .  T his allow s us to close the  
positioner control loop.        
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F i g .  5 .   S t r u c t u r e  o f  t h e  f e e d b a c k  f a u l t  t o l e r a n t  a c t u a t o r  
R y s.  5 .   S t r u k t u r a  u st a w n i k a  t o l e r u j ą c e g o  u sz k o d z e n i a  t o r u  sp r z ę ż e n i a  z w r o t n e g o  
 
D ependi ng  on t he posi t i on of  t he sw i t ch ( 3 ) ,  t he elect ro-

pneumat i c t ransducer ( 4 )  may b e cont rolled alt ernat i v ely b y t he 
si g nal Y g enerat ed b y t he redundant  cont roller ( 2 ) . T he sw i t ch ( 3 )  
connect s t he cont rol si g nal Y  w i t h t he i nput  of  t he t ransducer ( 4 )  
f or t he t i me peri ods i n w hi ch t he f eedb ack  f ault  cert ai nt y i s 
relat i v ely hi g h. F eedb ack  f ault  det ect i on and i solat i on alg ori t hm i s 
carri ed out  as t he separat e t hread i n t he cont rol uni t  ( 1 ) . T hi s 
alg ori t hm mak es use t he measurement s of  t he st em di splacement  
( 1 3 ) ,  chamb er pressure ( 1 4 ) ,  ex t ernal set poi nt  v alue ( 1 1 )  as w ell as 
t he k now ledg e of  X and Y si g nals.  T he b i nary si g nal F sw i t ches 
t he i nput  of  t he t ransducer ( 4 )  t o t he out put  of  cont roller ( 1 )  i n t he 
f ault -f ree case,  and t o t he out put  of  t he cont roller ( 2 )  i n t he case of  
t he f eedb ack  f ault . C ont roller ( 2 )  prov i des t he cont rol f unct i ons 
si mi lar t o t he ones of  t he cont roller ( 1 )  w i t h t he ex cept i on t hat  t he 
f eedb ack  si g nal i s t he pressure si g nal measured b y t he pressure 
t ransducer ( 5 ) ,  i nst ead of  t he di splacement  si g nal f rom t he 
di splacement  t ransducer ( 9 ) . 
 
4. F D I  c o n s i d e r a t i o n s  
 
D ev elopment  of  t he appropri at e f eedb ack  f ault  det ect i on and 

i solat i on alg ori t hms allow s us t o i mplement  t he F F T A  concept  
present ed i n S ect i on 2 . T he sw i t chi ng  b et w een t he out put s of  t he 
cont rollers ( 1 )  and ( 2 )  i n F i g . 8  may cause t ransi ent s i n t he st em 
di splacement ,  may low er cont rol q uali t y f act ors f i g ures,  or 
i nt roduce t he st eady st at e cont rol error. 
H opef ully,  t he f alse sw i t chi ng  b et w een out put s of  b ot h 

cont rollers i n t he case of  normal ( t ypi cal)  st at e does not  cancel t he 
posi t i oner cont rollab i li t y.  H ence,  t he posi t i oner depi ct ed i n F i g . 5  
i s t olerant  not  only t o f eedb ack  f ault s b ut  also t o t he f alse f eedb ack  
f ault  i solat i on. F alse f ault  i solat i on t ak es place i n ci rcumst ances i n 
w hi ch uncert ai n or i mpreci se models are used f or t he f ault  
det ect i on. T hi s may happen due t o t he measurement  noi se,  i n t he 
case of  t he lack  of  suf f i ci ent  k now ledg e ab out  t he f ault -sympt om 
relat i on,  i nsuf f i ci ent  numb er of  possi b le di ag nost i c t est s,  et c. 
T ak i ng  i nt o account  pract i cal aspect s of  t he i mplement at i on and 

t he ab ov e di scussed rob ust ness t o f alse di ag noses i n t he F F T A ,  i t  
i s reasonab le t o consi der a prob lem of  necessi t y of  t he f ault  
i solat i on. T he prob ab i li t y of  t he posi t i oner f eedb ack  f ault  i s 
roug hly comparab le w i t h t he prob ab i li t y of  t he f ault  of  t he elect ro-
pneumat i c t ransducer. F or si mpli ci t y of  reasoni ng ,  let  us assume 
t hat  t he pressure t ransducer has also comparab le f ault  prob ab i li t y,  
and t he prob ab i li t y of  a f ai lure of  t he elect roni c part  i s at  least  one 
order low er.  I n t he case of  t he f ai lure of  elect ro-pneumat i c 
t ransducer,  di st i ng ui shi ng  b et w een t he f eedb ack  f ault ,  t he 
elect roni c part  f ault  and t he pressure sensor f ault  does not  mak e 
sense. T he posi t i oner w i ll st ay i noperab le.  I n t hi s case,  a f alse or 
t rue sw i t chi ng  of  t he cont rollers ( 1 )  and ( 2 )  out put s i n F i g . 5  does 
not  i mprov e or det eri orat e t he posi t i oner act i on. T he same 
si t uat i on t ak es place i n t he case of  t he elect roni c part  f ault . 
I n t he case of  t he pressure t ransducer f ault ,  t he posi t i oner 

f eedb ack  f ault  t olerant  mode i s not  possi b le,  b ecause i n t hi s mode,  

t he pressure f eedb ack  replaces t he di splacement  f eedb ack . I n t hi s 
case,  sw i t chi ng  t he out put s of  t he cont rollers ( 1 )  and ( 2 )  ( F i g . 5 )  
does not  i mprov e or det eri orat e t he posi t i oner act i on. 
H ence,  t he posi t i oner cont rol st ruct ure g i v en i n F i g . 5  may b e 

t olerant  ex clusi v ely t o t he f eedb ack  f ault . R emai ni ng  f ault s are not  
t olerat ed. F rom t hese consi derat i ons one has t o g ai n a v ery 
i mport ant  conclusi on t hat  t he f ault  i solat i on phase of  t he F D I  
alg ori t hm here i s not  necessary at  all. I n ot her w ords,  sw i t chi ng  t he 
cont rol out put s b et w een t he cont roller ( 1 )  and ( 2 )  t ak es place i n t he 
case of  det ect i on of  any f ault . T hi s si mpli f i es t he i mplement at i on of  
t he F F T A  and si g ni f i cant ly sav es t he comput at i onal pow er of  t he 
i nt ernal mi croprocessor of  t he posi t i oner. 
 
5 . F a u l t  d e t e c t i o n  m o d e l s  
 
M odel b ased f ault  det ect i on approaches hav e b een ex ami ned 

ex peri ment ally. M odel b ased alg ori t hms allow  us a suf f i ci ent ly 
early and accurat e det ect i on of  t he f ault s. T he models i nv est i g at ed 
should b e relat i v ely si mple and easy t o b e i mplement ed i n t he 
posi t i oner,  k eepi ng  i n mi nd li mi t at i ons i n t he comput at i onal pow er 
and memory resources. S ev eral modelli ng  t echni q ues and 
approaches may b e consi dered here;  among  ot hers:  st at i c and 
dynami c b ehav i oural models,  heuri st i c,  neural,  f uz z y or neuro-
f uz z y models [ 4 ,  5 ,  8 ,  9 ] .  
M odels may b e b ased on t he f ollow i ng  set  of  av ai lab le si g nals:  

• ex t ernal cont rol v alue ( C V ) ,  
• pneumat i c serv omot or st em di splacement   ( P V X ) ,  
• ai r pressure i n t he chamb er of  t he serv omot or  ( P s ) ,  
• i nt ernal cont rol si g nal of  t he elect ro-pneumat i c t ransducer ( I ) .  
D ynami c and st at i c neural models hav e b een t est ed duri ng  t he 

search f or appli cab le sub opt i mal models.  T he f i nal deci si on ab out  
t he choi ce of  t he b est  model w as b ased on t he cri t eri on of  t he 
max i mum model sensi t i v i t y t o t he f ault s. V ery poor sensi t i v i t y t o 
t he f eedb ack  f ault  has b een ob serv ed b y means of  t he dynami c 
model ( 1 ) .  

P V X= f ( P V X( t -3 0 ) ,  P V X( t -2 0 ) ,  P V X( t -1 0 ) ,  C V ) .           ( 1 )  
 
T heref ore,  t hi s model w as not  f urt her consi dered,  despi t e of  i t s 

accuracy. F i g . 6  show s an ex ample of  v ali dat i on of  a v ery si mple 
st at i c neural model of  t he pneumat i c serv omot or st em 
di splacement  i n t he f orm:  

P V X= f ( P s ) .             ( 2 )  
 
T he accuracy of  t hi s model i s w orse compared t o t he one 

achi ev ed i n model ( 1 ) . T hi s model has a moderat e or poor 
accuracy i n t he normal condi t i ons ( F i g . 6 ) ,  as w ell as i n t he f ault y 
condi t i ons. B ut  t hi s model i s really sensi t i v e t o t he f eedb ack  f ault . 
I n t hat  sense,  t hi s model i s pract i cal. D i ag nost i c si g nals achi ev ed 
f rom t hi s model should b e,  how ev er,  ev aluat ed v ery caref ully. I f   
a si mplest  const ant  t hreshold t echni q ue i s used,  t hen t hreshold 
v alue should not  b e low er t han 1 0 % .    
 

  
F i g .  6 .   I l l u st r a t i o n  o f  t h e  a c c u r a c y  o f  t h e  n e u r a l  st a t i c  m o d e l  ( 2 )  o f   t h e  st e m  

d i sp l a c e m e n t   
R y s.  6 .   I l u st r a c j a  d o k ł a d n o ś c i  m o d e l o w a n i a  p r z e m i e sz c z e n i a  t ł o c z y sk a  si ł o w n i k a  

p r z y  u ż y c i u  n e u r o n o w e g o  m o d e l u  st a t y c z n e g o  o  p o st a c i  ( 2 )  
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6. I n d u s t r i a l  i m p l e m e n t a t i o n  
 
A  p r ot ot y p e  p osit ione r  int e nd e d  f or  inv e st ig at ions and  

e x p e r im e nt al v e r if ic at ion of  t h e  F F T A  alg or it h m s h av e  be e n 
d e v e lop e d  in t h e  I nst it u t e  of  A u t om at ic  C ont r ol and  R obot ic s of  
t h e  W ar saw  U niv e r sit y  of  T e c h nolog y . P osit ione r  int e r nal 
c ont r olle r s w e r e  bu ild  u p  by  an ap p lic at ion of  t h e  id e a of  t h e  st at e  
sp ac e  c ont r olle r s. E le c t r o-p ne u m at ic  ac t u at or  h as be e n p lac e d  in 
t h e  sp e c ial labor at or y  t e st  be d  int e nd e d  f or  t h e  e v alu at ion of  f inal 
c ont r ol e le m e nt s. T h e  p osit ione r  w as e q u ip p e d  w it h  t h e  se r ial 
d ig it al c om m u nic at ion f ac ilit y  m ak ing  p ossible  t h e  f ast  e x c h ang e  
of  d at a w it h  t h e  e x t e r nal c ont r ol and  d at a ac q u isit ion sy st e m  by  
m e ans of  t h e  M O D B U S  R T U  p r ot oc ol. S at isf ac t or y  labor at or y  
r e su lt s obt aine d  g iv e  an im p e t u s t ow ar d s ind u st r ial 
im p le m e nt at ion.  
T h e  abov e  p r e se nt e d  p osit ione r  h as be e n se t  in t o p r od u c t ion by  

t h e  one  of  t h e  P olish  m anu f ac t u r e s op e r at ing  in t h e  f ie ld  of  
au t om at ic  c ont r ol e le m e nt s. T h e  “mature” f or m  of  t h e  p osit ione r  
is sh ow n in F ig . 7 . P osit ione r  h as p asse d  ap p r op r iat e  labor at or y  
and  ind u st r ial t e st s. C u r r e nt ly  it  h as f ou nd  ap p lic at ions in p ow e r  
and  f ood  ind u st r ie s. A n e x am p le  of  ind u st r ial t e st  of  t h e  f inal 
c ont r ol asse m ble d  w it h  t h e  abov e  p r e se nt e d  p osit ione r  h as be e n 
d e p ic t e d  in F ig . 8 . A  t e st  w as c ond u c t e d  in t h e  m anu al c ont r ol 
m od e . T h e  f inal c ont r ol e le m e nt  w as ap p lie d  h e r e  f or  ac t ing  on 
O F F A  noz z le s in t h e  p ow e r  boile r  of  a p ow e r  st at ion. O F F A  
noz z le s ar e  p lay ing  im p or t ant  r ole  in t h e  c ont r ol of  t h e  le v e l of  
N O x e m issions. 
 
 

  
F i g .  7 .   F r o n t  v i e w  o t  t h e  i n d u s t r i a l  v e r s i o n  o f  t h e  i m p l e m e n t e d  p o s i t i o n e r  
R y s .  7 .   W i d o k  p r z e m y s ł o w e j  w e r s j i  u s t a w n i k a  o d  s t r o n y  c z o ł o w e j  
 
T h e  ap p lic at ion of  t h e  p osit ione r  allow s u s am ong  ot h e r s:  
• obt aining  low  st e ad y  st at e  p osit ioning  e r r or s,  
• m ask ing  int e r nal h y st e r e sis,  
• im p r ov ing  sy st e m  st if f ne ss 
• sh ap ing  t h e  d y nam ic  p r op e r t ie s of  t h e  f inal c ont r ol e le m e nt  
• su p p r e ssing  t h e  e f f e c t s of  t h e  air  p r e ssu r e  su p p ly  v ar iat ions on 
t h e  p ne u m at ic  st e m  d isp lac e m e nt ,  
• su p p r e ssing  t h e  inf lu e nc e  of  t h e  h y d r od y nam ic  and  f r ic t ion 
f or c e s ac t ing  on t h e  p osit ione r  st e m ,  
• im p r ov ing  t h e  ac t u at or  r obu st ne ss. 
 
7 . S u m m a r y  
 
T h e  c onc e p t  of  an int e llig e nt  e le c t r o-p ne u m at ic  ac t u at or  t ole r ant  

t o t h e  f e e d bac k  f au lt s h as be e n p r e se nt e d  in t h is p ap e r . T h is 
c onc e p t  g oe s t ow ar d s e asy  im p le m e nt at ion,  assu r anc e  of  be t t e r  
saf e t y ,  r e liabilit y  and  e f f ic ie nc y  of  t h e  ind u st r ial c ont r ol sy st e m s.  
T h e  c onc e p t  r e lie s on t h e  ap p lic at ion of  a r e d u nd ant  c ont r olle r  

w it h  t h e  p r e ssu r e  f e e d bac k  inst e ad  of  t h e  p osit ion f e e d bac k .  
S w it c h ing  on t h e  r e d u nd ant  c ont r olle r  ou t p u t  is d r iv e n by  t h e  
m od e l base d  f au lt  d e t e c t ion alg or it h m . A p p r op r iat e  m od e ls h av e  
be e n d e v e lop e d  and  t e st e d . C onsid e r at ions abou t  t h e  ne c e ssit y  of  
t h e  f au lt  isolat ion im p le m e nt at ion h av e  be e n p r e se nt e d . 
 
 

  
F i g .  8 .   A n  e x a m p l e  o f  t h e  i n d u s t r i a l  t e s t  o f  t h e  f i n a l  c o n t r o l  e l e m e n t  e q u i p p e d   

w i t h  t h e  d e v e l o p e d  p o s i t i o n e r  
R y s .  8 .   P r z y k ł a d  t e s t u  p r z e m y s ł o w e g o  e l e m e n t u  w y k o n a w c z e g o  w y p o s a ż o n e g o   

w  p r e z e n t o w a n y  u s t a w n i k  
 
T h e  p r e se nt e d  f e e d bac k  f au lt  t ole r ant  p r oc e d u r e  c an be  

su m m ar ise d  in t h e  p r oc e d u r e  c onsist ing  f or m  t h e  f ollow ing  st e p s:  
1 º   c ont inu ou s se ar c h ing  f or  ac t u at or  st e ad y  st at e s in f au lt  f r e e  

st at e s,    
2 º   u p d at ing  of  m ap p ing  of  t h e  d isp lac e m e nt  se t p oint  v alu e  int o 

t h e  p r e ssu r e  se t p oint  v alu e s sp ac e ,  
3 º  on-line  m od e l base d  f au lt  d e t e c t ion,   
4 º   sw it c h ing  f r om  t h e  d isp lac e m e nt  f e e d bac k  m od e  t o t h e  

p r e ssu r e  f e e d bac k  m od e  in t h e  c ase  of  f au lt  d e t e c t ion,  
5 º  in t h e  c ase  of  f au lt  r e c ov e r y ,  sw it c h ing  bac k  f r om  t h e  

p r e ssu r e  f e e d bac k  m od e  t o t h e  p osit ion f e e d bac k  m od e . 
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