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SECONDARY FILTERS FOR FLUID SYSTEM RELIABILITY 

1. 

2. 

3. 

4. 

5. 

PURPOSE: T h i s  AIR explains the use of secondary ( o r  Last-Chance) f i l t e r s  i n  
m y s  tems. 

SCOPE: 
t o e  system designer i n  the efficient selection and application o f  
Last-Chance f i l t e r s  i n  contrast t o  main or primary system f i l t e r s .  

I t  d i  scusses the design choices and engineering trade-offs avai 1 ab1 e 

REFERENCE : 

AIR 844 - Sensitization and Corrosion i n  Stainless Steel Fil ters 
AIR 887A - Liquid Filter Ratings, Parameters and Tests 
AIR 888 - F i n e  Wire Mesh f o r  Fi l ter  Elements 
ARP 901 - Bubble-Point Test Method 
ARP 1383 - Impulse Testi ng of Hydrauf i c  Actuators , Val ves, Pressure 

ARP 4059 - Cleanliness Classification for Hydraulic F l u i d s  
Containers and Simi 1 a r  F1 u i  d System Components 

DEFINITION: A secondary f i ?  ter i s  one most often instal 1 ed immediately 
upstream of a fluid system component, and downstream of the primary f i l t e r  
t o  provide positive protection only t o  t h a t  component from potential 
catastrophic failure caused by large particle ingestion. Sometimes severa 
secondary f i l t e r s  are provided i n  series as  integral parts of system 
components. 

BACKGROUND: 
i n  a f lu id  system are stopped by the main system f i l te rs .  
for  the contaminant i n  the flow p a t h  immediately upstream of the f i l t e r .  

Contaminants are generated and ingested throughout  the system, frequently 
passing through a cri t ical  component on their  way t o  the primary or main 
system f i l  ters. 

. 

In theory, large particles t h a t  can cause catastrophic failures 
T h i s  i s  true only 

~~ 

SA€ Technical Board Rules provide that: "This report i s  published by SA€ to advance the state of technical and 
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5 ,  BACKGROUND: (continued) 

Vast numbers o f  p a r t i c l e s  a re  present  i n  t y p i c a l  f l u i d  systems, and the  
m a j o r i t y  a re  under 15 micrometres as can be seen i n  the  c lean l i ness  l e v e l s  
l i s t e d  i n  ARP 4059. This p a r t  o f  t he  contaminant spectrum i s  removed by 
primary o r  main system f i l t e r s ,  which a re  designed t o  rece ive  the  f u l l  system 
f l ow  and t o  remove and r e t a i n  l a r g e  amounts o f  f i n e  contaminants. They may 
inc lude  accessory devices such as bypass valves, automatic shuto f fs ,  
d i f f e r e n t i a l  pressure i n d i c a t o r s  as we l l  as o ther  features f o r  maintenance 
and system r e l i a b i l i t y .  Primary f i l t e r s  a re  t r a d i t i o n a l l y  placed i n  t h e  pump 
discharge l i n e s ,  system r e t u r n  l i n e s ,  and pump case d r a i n  l i n e s .  

The f i n e  p a r t i c l e s  removed by the  primary f i l t e r  a re  considered t o  be a major 
f a c t o r  i n  f l u i d  system component wear and t h e  removal o f  t he  f i n e  p a r t i c l e s  
has been demonstrated as use fu l  i n  c o n t r o l l i n g  wear ra tes.  

6. FUNCTION OF SECONDARY FILTERS: Well f i l t e r e d  f l u i d  systems, w i t h  respect  t o  
main system f i l t e r s ,  a re  s t i l l  sub jec t  t o  occasional, sudden, ca tas t roph ic  
component f a i l u r e  caused by l a r g e  p a r t i c l e s ,  which can en ter  t he  system, o r  
be released downstream o f  t he  pr imary o r  main system f i l t e r s .  The f u n c t i o n  
o f  secondary f i l t e r s  i s  t o  p r o t e c t  system components aga ins t  ingress ion  o f  
l a r g e  p a r t i c l e s  released i n  the  system. 

des t ruc t i ve  p a r t i c l e s  such as machining chips, braze and weld f lash ,  core  
sand, gasket mater ia l ,  TFE tape shreds, gear t o o t h  wear p a r t i c l e s ,  wiper 
f i b e r s ,  carbon p a r t i c l e s ,  b u r r s  t h a t  f a i l  a t  t h e i r  attachment po in ts ,  and 
O-ring ch ips  can en ter  t h e  system i n  any o f  the  f o l l o w i n g  ways: 

7. SOURCES OF CONTAMINATION TO SECONDARY FILTERS: Large, p o t e n t i a l l y  

7.1 B u i l t  i n t o  new o r  r e c e n t l y  overhauled components. 

7.2 From each make o r  break o f  connections (e.g. the  assembly o f  o rd ina ry  l i n e  
f i t t i n g s ) .  

7.3 By d i r e c t  i n t r o d u c t i o n  when l i n e s  a re  opened f o r  maintenance. 

7.7 Through t h e  
o r  bypasses 

7.8 As t h e  resu 

bypass 
du r ing  

t o f  f 

7.4 Break-in wear o f  components. 

7.5 During t h e  i n t r o d u c t i o n  o f  make-up f l u i d .  

7.6 Abnormal wear o f  moving components. 

va l  ve o f  a main system f i  1 t e r  when the  
c o l d  s t a r t ,  

f i  1 t e r  i s  c l  ogged 

u i d  breakdown caused by l o c a l  overheat ng. 
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SOURCES OF CONTAMINATION TO SECONDARY FILTERS: (continued) 

I t  should be recognized t h a t  large particle f l u i d  system Contamination i s  
random and n o t  s ta t i s t ica l ly  predictable. 
downstream of primary f i l t e r s  throughout  the l i f e  of the system and may be 
the result of b u i l t - i n ,  maintenance generated, or  duty cycle released 
cantami nation . 

Large particles are released 

Because of this random introduction, the counts of large particles i n  
ARP 4059 may n o t  be representative of actual systems contaminant levels. 
Wherever large particles come from, the most practical way t o  prevent large 
particle caused component fa i l  Ure i s  through the proper application of 
secondary filters, and i t  i s  important t h a t  consistent standards for  sizing 
and design be  used by system designers. 

APPLICATION OF SECONDARY FILTERS: 

Properly designed secondary f i  1 ters  l’ncrease the overall performance of a 
f l u i d  system by improving the rel iabi l i ty  o f  major components w i t h o u t  
causing system problems themselves. When properly applied, a secondary 
f i l t e r  may l a s t  the l i f e  of the host component w i t h o u t  requiring any 
maintenance i t s e l f .  
results i n  a major contamination release, the Last-Chance f i l t e r  helps t o  
prevent secondary failures which frequently follow i n  chain reaction. 

If a component failure has occurred upstream, which 

Secondary f i l t e r s  are most effective when installed a t  the in le t  of the 
components t o  be protected, so that the entire flow t o  the component i s  
filtered. Components vary widely i n  complexity (a multi-function servo 
actuator or a simple orifice o r  a restrictor o r  a poppet type relief valve 
are examples) and should be analyzed for contaminant sensitivity on an 
individual basis, t o  achieve the best locations and removal ratings for 
their  secondary f i  1 ters.  

The designer should also recognize that complex components may already 
contain integral secondary filters supplied as part o f  subtier components 
(precision orifices w i t h  small b u i l t - i n  screens for example) and t h a t  these 
devices must be recognized and compensated for i n  the selection o f  a 
secondary f i l t e r  t o  protect the entire component. In this  case the removal 
rating of the larger i n l e t  f i l t e r  should be finer than that of smaller 
downstream screen t o  ensure adequate l i f e  o f  the smaller f i l t e r .  Another 
way o f  saying thfs i s  when several secondary f i l t e r s  function i n  series i n  
the same component, i t  i s  important that their  removal ratings become 
progressively coarser t o  prevent p lugging  o f  the downstream, and generally 
physically smaller, f i l  ters. 

9. SECONDARY FILTER DESIGN CHARACTERISTICS: Some of the characteristics which 
should be considered are: 

9.1 Location w i t h i n  the system and w i t h i n  the Component t o  %e protected. 

9.2 Adequate particulate protection level (max. pore size glass bead rated and 
bubble  p o i n t  tes ter)  t o  su i t  the component t o  be protected. 
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9.3 F i l t r a t i o n  l e v e l  coarse enough t o  prevent  c logg ing  by f i n e  p a r t i c l e s  
normal ly  removed by the  primary f i l t e r  o r  by the  nex t  h igher  t i e r  (upstream) 
secondary f i  1 t e r  . 

9.4 Pressure vessel r a t i n g s  o f  f i l t e r  housing. 

9,5 Low pressure drop a t  normal f l ow  r a t e s  and temperatures. 

9.6 Does n o t  e x h i b i t  media migra t ion .  

9,7 F i l  t e r  element co l lapse ( o r  b u r s t )  d i f f e r e n t i a l  pressure r a t i n g .  

9.8 Acceptable pressure drop a t  c o l d  s t a r t  cond i t ions .  

9.9 Long serv ice  l i f e  and h igh  cor ros ion  and f a t i g u e  res is tance.  

9.10 Small size, weight, and geometry. 

9.11 Exc lus ion o f  elastomers i n  Coarse Las t  Chance F i l t e r s  f o r  extended seal 
m a i  ntenance. 

1 O. SECONDARY FILTER SUGGESTED LOCATIONS: 

10.1 Immediately upstream o f  t he  component t o  be pro tec ted  so t h a t  a l l  o f  t h e  
f l o w  en te r ing  i s  f i l t e r e d  t o  the  des i red  l e v e l .  

10.2 Ins ide  the  component as an i n t e g r a l  p a r t  o f  t h e  assembly, t o  f i l t e r  a l l  o f  
i t s  f low, o r  t o  f i l t e r  on l y  t h a t  p o r t i o n  o f  the  f l ow  necessary t o  p r o t e c t  a 
p a r t i c u l a r l y  vu1 nerabl e p a r t  o f  t he  device. 

10.3 A t  t he  o u t l e t  o f  a Contamination-sensit ive component t h a t  sees reverse f low. 

10.4 A t  t h e  o u t l e t  o f  a known generator o f  l a r g e  p a r t i c l e  contamination t o  
prevent  c i r c u l a t i o n  i n  t h e  system. 
w i l l  have t o  be considered. 

The e f f e c t  o f  poss ib le  reverse f l ow  

10.5 Upstream of important, b u t  seldom used o r  dead ended components. 

11. SECONDARY FILTER REMOVAL RATING: 
func t ion ,  t h e  c r i  t i c a l  c l  earance (perhaps a va l  ve opening o r  o r i f i c e  

To p r o t e c t  a p a r t i c u l a r  component o r  

diameter) must be known, and a removal r a t i n g  se lec ted  t h a t  i s  some 
reasonable f r a c t i o n  o f  t h i s  opening. 
r a t i n g  i s  1/3 the  s i z e  o f  t h e  opening t o  be pro tec ted  so t h a t  two p a r t i c l e s  
a r r i v i n g  a t  t h e  same t ime are  n o t  l i k e l y  t o  cause a mal funct ion.  

A f requent ly  recommended removal 
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