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1. SCOPE: 

Thi s Aerospace Recommended Practice (ARP) defines tests to be performed on 
hydraulically, electrically, pneumatically, and mechanically actuated air 
valves. They may be further defined as those valves that function in 
response to externally applied forces or in response to variations in 
upstream and/or downstream duct air conditions in order to maintain a 
calibrated duct air condition (e.g., air flow, air pressure, air temperature, 
air pressure ratio, or air shutoff). 

2. PURPOSE: 

The purpose of this ARP is to provide the aircraft industry with a guide for 
laboratory qualification testing o f  aircraft air valves. 

3. CATEGORIES AND DEFINITIONS: 

The valves as referenced in this ARP are used to modulate or shut off the 
flow of air i n  aircraft pneumatic systems. 

3.1 Categories: 

For the purpose of this ARP the valves will be grouped into four 
categories: 1) pneumatically actuated valves, 2) electrically actuated 
valves, and 3) mechanically actuated valves, and 4) hydraulically actuated 
valves. 

3.1.1 Pneumatical ly Actuated Valves: 
valves that utilize gas as the primary power source to position the 
valve. This includes valves that are solenoid controlled, but 
pneumati cal ly actuated. 

Pneumati cal ly actuated valves are those 

3.1.2 Electrically Actuated Valves: Electrically actuated valves are those 
valves that rely only on electrical power to position the valve. 

3.1.3 Manually Actuated Valves: Manually actuated valves are those valves that 
are operated by hand motion applying a force through a mechanical lever or 
cable system. 

3.1.4 Hydraulically Actuated Valves: Hydraulically actuated valves are those 
valves that utilize an incompressible fluid such as hydraulic oil or fuel 
for operation, 
hydraul i cal ly actuated. 

This includes valves that are solenoid controlled, but 

3.2 Def i ni ti ons : 
3.2.1 ON-OFF VALVE: An on-off valve controls the flow of air by opening or 

It i s  used in such a manner that it i s  not closing the flow passage. 
stopped in intermediate positions. 

selective throttling of the flow passage. 
infinitely or incrementally selectable. 

3.2.2 VARIABLE POSITION VALVE: A variable position valve controls flow by 
Intermediate areas may be 

 
Distributed under license from the IHS Archive
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p9

86
b

https://saenorm.com/api/?name=6c2361c5616fe96d76f18a7d8558ccef


SAE ARP*ïäbB 90 8357340 0 0 4 t 3 9 7 t 3 Ú  

-Al! - ARP986 Revision B 

3.2.3 RELIEF VALVE: A r e l i e f  va lve  i s  a modulat ing va lve  t h a t  l i m i t s  supp l ied  . 

p ressu ré  by dumping f rom a system or compartment to  a lower pressure 
reg ion .  

3.3.4 CHECK VALVE: A va lve  t h a t  a l lows flow i n  a s i n g l e  d i r e c t i o n  on ly .  

3.2.5 TEST ARTICLE: 
t o  be q u a l i f i e d .  
agreement between manufacturer and customer) be an equ iva len t  p ro to type  
un i  t. 

A t e s t  a r t i c l e  i s  a complete f u n c t i o n i n g  va lve  o f  t h e  type 
I t  i s  normal ly  a p roduc t i on  a r t i c l e ,  b u t  may (upon 

3.2.6 FLAME TESTS: The f lame t e s t  requirement imposed on an a i r c r a f t  va lve  
depends on whether the  va lve  must be f i r e  p r o o f  or f i r e  r e s i s t a n t .  

F i re -p roo f  va lves  are  u s u a l l y  mounted on t h e  engine s ide  of a f i r e w a l l  or 
fo rm p a r t  o f  the  f i r e w a l l .  Fuel-actuated va lves a l s o  f a l l  w i t h i n  t h i s  
category.  

F lame-res is tant  va lves are  va lves mounted i n  s i m i l a r  reg ions  where f i r e s  
cou ld  occur,  b u t  t h e  environment i s  n o t  as severe. 

3.2.7 DESTRUCTIVE TESTS: D e s t r u c t i v e  t e s t s  are those t e s t s  t h a t  may damage the  
va l ves '  f u n c t i o n  or use fo r  f u r t h e r  t e s t i n g .  Typ ica l  d e s t r u c t i v e  t e s t s  
are b u r s t  pressure,  f i r e - r e s i s t a n c e ,  and f i r e - p r o o f  t e s t s .  Fo l l ow ing  a 
d e s t r u c t i v e  t e s t  t h e  va l ve  does n o t  have t o  be o p e r a t i o n a l ,  nor  i s  i t  
expected to  be t e s t e d  to, or meet the  requirements of  Sec t ion  9. 

4. APPLICABLE DOCUMENTS : 

The f o l l o w i n g  documents are f r e q u e n t l y  used s p e c i f i c a t i o n s  fo r  d e r i v i n g  
environmental  t e s t  methods and l e v e l s .  
be s p e c i f i e d  i n  the customer 's d e t a i l  s p e c i f i c a t i o n .  

The a p p l i c a b l e  i ssue of  each should 

MIL-STD-810 M i l i t a r y  Standard, Environmental Test Methods and Engineer ing 

MIL-STD-202 T e s t  Methods fo r  E l e c t r o n i c  and E l e c t r i c a l  Component Par ts  
MIL-L-23699 L u b r i c a t i n g  O i l ,  A i r c r a f t  Turbine Engines, Syn the t i c  Base 
MIL-STD-45662 C a l i b r a t i o n ,  Systems Requirements 
MIL-STD-461 Elect romagnet ic  Emission and Suscept i  b i  1 i ty, Requirements for  

MIL-STD-462 Elect romagnet ic  I n t e r f e r e n c e  C h a r a c t e r i s t i c s ,  Measurement o f  
RTCA/DO-160 EnvironmentaT Condi t ions and T e s t  Procedures for  A i rborne  

Gu ide l ines  

the  Cont ro l  o f  Elect romagnet ic  I n t e r f e r e n c e  

Equipment 

5. TEST DOCUMENTATION: 

A t e s t  procedure and a t e s t  r e p o r t  should be f u r n i s h e d  to  the  cus 
customer should approve the  t e s t  program as presented i n  the  t e s t  
and a l l  changes the re to ,  p r i o r  t o  the  s t a r t  o f  t e s t i n g .  The t e s t  
should s t i p u l a t e  i f  customer and/or government w i tness ing  i s  requ 

omer. The 
procedure 
procedure 
red.  
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5.1 The t e s t  procedure should descr ibe how t o  conduct a l l  the  t e s t s  requ i red  by 
the  t e s t  program. The l o c a t i o n  o f  the  t e s t  f a c i l i t y ,  t e s t  equipment, 
temperature s tab i  1 i z a t i o n ,  t e s t  sequence, ambient cond i t ions ,  t e s t  i n p u t  
to1 erances , and f a i  1 Ure c r i  t e r i  a should a l  so be de f  i ned. 

5.2 The t e s t  r e p o r t  should re fe rence the  app l i cab le  t e s t  procedure and inc lude  
the r e s u l t s  ob ta ined from each t e s t  performed on the  va lve.  
t e s t  setups should be prov ided i f  a v a i l a b l e .  
descr ibe a l l  aber ra t ions ,  and the a c t i o n  taken t o  c o r r e c t  any de fec ts  t h a t  
are found du r ing  q u a l i f i c a t i o n .  

Photographs o f  
The t e s t  r e p o r t  should f u r t h e r  

5.3 The t e s t  r e p o r t  should con ta in  a complete i d e n t i f i c a t i o n  and c o n f i g u r a t i o n  
d e f i n i t i o n  o f  the t e s t  a r t i c l e  i n c l u d i n g  the manufacturer 's  p a r t  number, 
s e r i a l  number, and p a r t  name. Complete p r e t e s t  and p o s t t e s t  disassembly 
i nspec t i on  records and photographs, i f  poss ib le ,  should be inc luded i n  the  
r e p o r t .  
recorded and referenced t o  the  s p e c i f i c  t e s t  or t e s t s  performed on each 

I f  more than one t e s t  a r t i c l e  i s  invo lved,  t he  da ta  should be 

. i n d i v i d u a l  t e s t  a r t i c l e .  A l l  t e s t  cond i t i ons  are t o  be recorded. 

5.4 The procedure and r e p o r t  should conta in  a d e s c r i p t i o n  o f  the t e s t  setup, 
i n c l u d i n g  a schematic w i t h  a l l  impor tant  t e s t  setup dimensions and 
ins t rumenta t ion  l oca t i ons  noted. I t  i s  recommended t h a t  sketches and 
photographs be used wherever poss ib le .  
names o f  a l l  p r i n c i p a l  i tems o f  t e s t  and c o n t r o l  equipment should be 
inc luded.  A statement as to  methods adhered to  for ensur ing general  t e s t  
equipment accuracy should be made. 

5.5 The t e s t  r e p o r t  should c l e a r l y  s t a t e  whether or no t  the  t e s t  requirements 
have been m e t  and where f a i l u r e ,  i f  any, has occurred. I t  should re fe rence 
the paragraph requirements o f  the d e t a i  1 s p e c i f i c a t i o n  t o  f a c i  1 i t a t e  
comparison o f  r e s u l t s  w i t h  the  requirements.  

The type, model, manufacturer,  and 

5.6 The t e s t  da ta  should be c e r t i f i e d  by an o f f i c i a l  or o t h e r  respons ib le  member 
o f  the  qual i t y  assurance department and government wi tnesses i f  requ i red .  

5.7 A l l  t e s t  r e p o r t s  submit ted by a t e s t i n g  o rgan iza t i on  o t h e r  than the  
manufacturer should have the  same requirements as the  t e s t  r e p o r t  prepared 
by the manufacturer and should become a p a r t  o f  the  f i n a l  t e s t  r e p o r t .  

5.8 Reports or  excerpts  o f  r e p o r t s  o f  those t e s t s  t h a t  demonstrate compliance o f  
a s i m i l a r  t e s t  a r t i c l e  w i t h  any o f  the requirements o f  the  d e t a i l  
s p e c i f i c a t i o n  may be submitted- t o  subs tan t i a te  compliance o f  the  new 
equipment on the  bas is  o f  s i m i l a r i t y .  This s i m i l a r i t y  da ta  should be 
i nco rpo r ted  i n  the t e s t  procedure and repo r ted  w i t h  s u b s t a n t i a t i o n  o f  
s i m i l a r i t y  o f  the  two i tems. (See Sect ion 12,) 

5.9 Ana 
ana 
and 

y t i c a l  data or c e r t i f i c a t i o n  t h a t  j u s t i f i e s  the  q u a l i f i c a t i o n  by 
ys is  should be incorpora ted  i n  the  t e s t  documentation. 
14). 

(See Sect 

the  

ons 13 
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6. TEST FACIL1)'IES: 

The facilities used to perform the qualification tests shall be capable o f  
meeting all of the conditions of the detail specification. 

6.1 The accuracy o f  the test instrumentation should be defined in the test 
procedure and recalibrated periodically in accordance with quality assurance 
standards or MIL-STD-45662. The accuracy shall be as good as or better than 
that specified by the customer. 
laboratory standards whose calibration is traceable t o  the U . S .  Bureau o f  
Standards. 
tolerance. 

6.2 The facilities should simulate the system impedance and valve mountings in 
which the test article i s  to operate with sufficient accuracy to ensure that 
the test article will operate under the conditions specified in the detail 
spec if i cat i on. 

6.3 Unless otherwise stated in the detail specification, the allowable 
tolerances on control of the test parameters should be as follows: 

F1 u i  d 
Temperature: 

The instrumentation should also conform to 

All test limits are to be adgusted to allow for instrument 

<15"C 15.5 (59°F 1 10) 
>15"C<12loC f 8 (>59"F<25OoF i 15) 
>121"C<260°C k 14 (>250"F<5OO0F k 25) 
>26O0C<650"C 1 28 (>500"F<1200"F 1 50) 

Controlled - +2.OoC (14°F) 
Ambient 
Temperature 

Al ti tude 
Pressures - +5% absolute value 

F 1 ow 

Humi di ty 

Acceleration - +lo% 
Vi bration Amp1 i tude 

- +5% o f  the absolute barometric pressure 

- + 3% 

- +5% absolute value 

- +lo% sinusoidal, random see MIL-STD-810 method 514 
or RTCAIDO-160 Sec 8. 

Vi bration Frequency - + 2% 

Vol tage - +2% 

- 5 -  
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7, DEFINITION OF COMPLIANCE: 

Satisfactory compliance with the requirements of the customer approved test 
procedure i s  established when the designated number o f  test articles have been 
subjected to the tests outlined therein, and upon completion of other than 
destructive tests, have passed the performance record test outlined in 
Section 9. 

7.1 Test Failures: 

If a failure during the qualification testing is experienced, further testing 
and a failure report describing all aberrations, and the corrective action 
taken by the supplier, should be delivered to and approved by the customer. 

8 .  SEQUENCE OF TESTS: 

One or more production or equivalent prototype units should be employed for 
the qualification test program. The actual number of units employed is at 
least equal to the number of destructive tests. 
used, they should be subjected to the following tests, as applicable, 
approximately as shown: 

When three test articles are 

Test Article No. 1 Test Article No. 2 

Exami nation of  
product 

Performance- 
record (initia1)f 

corre 1 at i on 

High and low- 
tempe rat ur e 

Thermal Shock 

Freezing condensate 

Fluid resistance 

Low f 1 ow 

Examination of 
product 

Proof pr e s sur e 

Performance- 
record (in1 tia1 

corre 1 at i on 
Low f 1 ow 

Fungus res i stance 

Salt fog 

Humidity 

Dielectric strength 

Test Article No. 3 

Examination of 
product 

Performance- 
Record ( i ni ti al ) 1 

Low f 1 ow 
corre 1 at i on 

EM1 

Contaminated fluids 

Pressure drop 

Vi bration 

Mechanical shock 

'Room temperature performance record checks shall be conducted fol lowing each of 
the tests listed. The initial performance record test i s  done at temperature on 
at least one o f  the test articles (see Section 9) .  
not require a performance record test. 
conducting the tests will be mutually agreed upon between the manufacturer and 
customer. 

Any destructive test does 
The ultimate apportionment and sequence of 

- 6 -  
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9. PERFORMANCE RECORD TEST: 

The i n i t i a l  performance record  t e s t  should be conducted a t  ambient pressure 
and temperature w i t h  i n l e t  pressure and temperature a t  a i r c r a f t  ope ra t i ng  
cond i t i ons  t h a t  are judged most severe f o r  va lve  f u n c t i o n a l  performance. This  
t e s t  should be fo l l owed  by a t e s t  a t  room ambient cond i t i ons  w i t h  the  minimum 
i n l e t  pressure requ i red  t o  evaluate va lve  performance. A l l  o t h e r  performance 
record  checks , conducted f o l  lowing each t e s t ,  may be conducted a t  room ambient 
pressure and temperature w i t h  i n l e t  cond i t i ons  a t  l abo ra to ry  a i r  supply 
temperature and a t  the  minimum requ i red  check o u t  pressure.  Genera l ly ,  a 
performance record  t e s t  cons i s t s  o f  the  f o l  lowing:  

a. Leakage ( i n t e r n a l  and ex terna l  1 
b. Minimum opening s igna l  (pressure and/or vo l  tage) 
c .  Opening and c l o s i n g  t ime 
d. 
e. T rans ien t  performance ' 

Valve f u n c t i o n  and checkout o f  design fea tu res  

10. LOW FLOW CORRELATION: 

As an a i d  t o  the  user i t  i s  recommended t h a t  low flow t e s t i n g  requirements i n  
l i e u  o f  f u l l  f low t e s t i n g  f o r  acceptance be es tab l i shed  i n  the  buyer 's  
t echn ica l  s p e c i f i c a t i o n .  This  can be implemented by making v e r i f i c a t i o n  o f  a 
low flow c o r r e l a t i o n  t e s t  a p a r t  o f  the  end i t e m  q u a l i f i c a t i o n  t e s t  program, 
The end i t em user o f  the equipment w i l l  b e n e f i t  as follows: 

a. F a c i l i t y  costs w i l l  be much l e s s  
b, 
c. 
d. 

Those operators  who have l i m i t e d  f a c i l i t i e s  w i l l  be ab le  t o  t e s t  va lves 
Turnaround t ime problems can be reduced 
Spare va lves requ i red  t o  assure t h a t  no a i rcraf t -on-ground s i t u a t i o n s  
a r i s e  w i l l  be g r e a t l y  reduced 

10.1 The low f low t e s t  procedure should be es tab l i shed  w i t h  the  o b j e c t i v e  o f  
v e r i f y i n g  the  va lve  performance us ing  the  minimum resources o f  t e s t  
equipment, pressure,  temperature, and a i r  flow. Wherever poss ib le ,  the  t e s t  
should be conducted, a t  room temperature, and w i t h  a i r  pressure l ess  than 
690 kPa gage (100 ps ig ) .  
a i r f l o w .  Where a i r  f low i s  necessary, the aim should be to  keep i t  below 
4.5 kg/min (10 lb /min) .  

I n  some cases the  t e s t  could be conducted w i thou t  

10.2 Low f low c o r r e l a t i o n  procedures should be considered c e r t i f i e d  when a l l  

flow acceptance t e s t  
these procedures pass the qual i f i c a t i o n  va lves t h a t  have been ca l  i bra ted  by 

f u n c t i o n a l  requirements o f  the manufacturer 's  f u l  
procedure. 

10.3 F a i l u r e  t o  achieve 100% c o r r e l a t i o n  between low f 
def ined i n  10.2 should n o t  be cause f o r  the va lve  

ow and f u l l  flow t e s t i n g  
t o  f a i l  q u a l i f i c a t i o n .  

Some valves are no t  s u i t a b l e  f o r  low f low t e s t i n g .  
f u n c t i o n ,  c o r r e l a t i o n  w i l l  have t o  be 100"/0 p r i o r  t o  i n s t i g a t i n g  low flow 
t e s t i n g .  Where conformity t o  a s p e c i f i c a t i o n  i s  an economic mat te r ,  
c o r r e l a t i o n  o f  l e s s  than 100% may be acceptable and w i l l  p rov ide  the  
opera tor  w i t h  a bas is  f o r  eva lua t i ng  low flow versus f u l l  f low t e s t i n g .  

For va lves w i t h  a sa fe ty  

- 8 -  
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i i . TESTS AND ~ ~ E T H O D S :  

The d e t a i l  s p e c i f i c a t i o n  should d e f i n e  which of  t h e  f o l l o w i n g  t e s t s  should be 
conducted f o r  q u a l i f i c a t i o n .  

11.1 Examination o f  Product and Disassembly and Inspec t i on :  
The t e s t  a r t i c l e ( s 1  should be weighed and subjected t o  an end i t e m  
dimensional  i n s p e c t i o n  d u r i n g  the  examinat ion o f  produc t  t e s t .  Prior t o  
i n i t i a l  assembly, eng ineer ing  should i d e n t i f y  d e t a i l  p a r t  c r i t i c a l  and major 
dimensions. These dimensions s h a l l  be c e r t i f i e d  p r i o r  t o  and f o l l o w i n g  
qual i f i  c a t i o n  t e s t i n g .  

11.2 High and Low Temperature T e s t s :  
The t e s t  a r t i c l e  should be subjected t o  the  h igh  and low temperature t e s t s ,  
o f  MIL-STD-810, methods 501 procedure II, and 502, r e s p e c t i v e l y ,  or 
RTCA/DO-160 Ch 4. 

11.3 Freez ing Condensate: 
The t e s t  a r t i c l e  should be i n s t a l l e d  i n  the  t e s t  chamber i n  a manner t h a t  
w i l l  s imu la te  the  a i r c r a f t  i n s t a l l a t i o n .  The chamber temperature should be 
he ld  a t  32OC (90°F) and the  s p e c i f i c  humid i t y  o f  the  chamber a i r  he ld  
constant  a t  22 g/kg (154 g r / l b >  d r y  a i r .  Th is  c o n d i t i o n  should be he ld  for  
3 h. Dur ing  t h i s  3-h per iod ,  the  va lve  should be actuated 10 t i m e s  wh i l e  
a i r  f l o w  i s  mainta ined through the  va lve  as follows: 

Temperature: 32°C (90°F) 
S p e c i f i c  Humid i ty :  22 g/kg (154 g r / l b )  d r y  a i r  
A i r  Flow: As s p e c i f i e d  i n  d e t a i l  s p e c i f i c a t i o n  

A t  t he  complet ion o f  the 3-h pe r iod ,  va lve  and chamber a i r  f low should be 
te rmina ted  and the  chamber temperature should then be lowered t o  15°C (59°F) 
over  a 3-h pe r iod .  The va lve  should be h e l d  for  1 h a t  15°C (59"F), and 
then the  chamber temperature r a i s e d  t o  32°C (90°F) w i t h i n  30 min. 
c o n s t i t u t e s  one cyc le .  A minimum o f  ten  c y c l e s  should be performed f o r  a 
t o t a l  t i m e  of  60 h. Dur ing t h e  e leventh  cyc le ,  r a t h e r  than lower the  
chamber temperature t o  15°C (59°F) over a 3-h per iod ,  t he  temperature should 
be lowered l i n e a r l y  t o  -18°C (0°F) over an 8-h pe r iod .  The va lve  s h a l l  be 
i n o p e r a t i v e  and he ld  1 h a t  -18°C (0°F). A t  t he  complet ion o f  the  1-h ho ld  
per iod ,  the va lve  should be operated and performance compared w i t h  i n i t i a l  
performance data.  

This  

A f t e r  t he  performance t e s t s  a t  -18°C (O'F), the  chamber should be lowered t o  
-54°C (-65°F) w i t h i n  a t i m e  p e r i o d  o f  2 h and he ld  a t  t h a t  temperature for  
2 h.  A performance t e s t  should be made a t  t he  complet ion o f  t h i s  2-h pe r iod  
w h i l e  a t  -54°C (-65°F). 

11.4 S a l t  Fog Test: 

The t e s t  a r t i c l e  should be subjected t o  t h e  s a l t  f o g  t e s t  de f i ned  i n  
MIL-STD-810, or RTCA/DO-160 Ch 14. Dur ing t h i s  t e s t ,  a i l  ex te rna l  i n t e r f a c e  
connect ion p o r t s  and e l e c t r i c a l  connectors may be capped i n  a manner 
r e p r e s e n t a t i  ve of  i ntended use. 
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11.5 Humidi ty Test:  
The t e s t  a r t i c l e  should be i n s t a l l e d  i n  a humid i ty  chamber capable o f  
ma in ta in ing  a r e l a t i v e  humid i ty  o f  95% and i n  an a t t i t u d e  s imu la t i ng  t h a t  of 
the  a i r c r a f t  i n s t a l l a t i o n .  
t e s t  a r t i c l e  should be sealed. 

Dur ing the exposure per iod ,  the  p o r t s  o f  the  

The t e s t  u n i t  should be exposed t o  humid i ty  for  a pe r iod  o f  10 days i n  
accordance w i t h  procedure I, method 507 o f  MIL-STD-810, or RTCA/DO-160 Ch 6. 

11.6 V i b r a t i o n  Test:  
The t e s t  a r t i c l e  should be subjected t o  the  v i b r a t i o n  t e s t s  de f ined i n  
MIL-STD-810, or RTCA/DO-160. Dur ing t e s t i n g ,  the  t e s t  a r t i c l e  should be 
pressur ized  t o  a nominal pressure cond i t i on .  Genera l ly ,  a i r  flow through 
the t e s t  u n i t  w i l l  be l i m i t e d  t o  leakage f low r a t e s ,  and ambient and i n l e t  
temperatures are a t  room cond i t ions  because o f  f a c i l i t y  l i m i t a t i o n s .  

11.7- Fungus Resistance Test: 
The fungus res i s tance  t e s t  should be conducted o n l y  on those t e s t  a r t i c l e s  
employing ma te r ia l s  or f i n i s h e s  t h a t  may be considered t o  be fungus 
n u t r i e n t s .  The t e s t  a r t i c l e  should be subjected to  the  fungus t e s t  
descr ibed i n  MIL-STD-810, or RTCA/DO-160 Ch 13. 

11.8 

11.9 

Explos ive Atmosphere T e s t :  

The t e s t  a r t i c l e  should be subjected t o  the  exp los ive  atmosphere t e s t  
de f ined i n  MIL-STD-810 procedure I or RTCA/DO-160 Ch 9. 
t o  va lves t h a t  con ta in  an i g n i t i o n  spark source such as an e l e c t r i c a l  sw i tch  
or a heat source such as a so leno id  whose case temperature can exceed the 
combustion temperature o f  the  exp los ive  atmosphere. 

This  t e s t  p e r t a i n s  

Endurance Test:  
The t e s t  a r t i c l e  should be i n s t a l l e d  i n  a t e s t  setup capable o f  s imu la t i ng  
the  a i r c r a f t  i n s t a l l a t i o n  and thermal i n le t /amb ien t  cond i t i ons .  

The t e s t  a r t i c l e  should be subjected t o  the  t o t a l  number o f  f u l l  cyc les  
expected du r ing  i t s  l i f e t i m e .  
ac tua t i on  o f  the va lve from f u l l  c losed t o  f u l l  open or f u l l  pressure 
r e g u l a t i o n  and the  reverse.  
sample recommendation for  a pneumati ca l  l y  actuated, t u r b i  ne engi ne b leed a i r  
va lve,  

One f u l l  cyc le  o f  ope ra t i on  s h a l l  c o n s i s t  o f  

The th ree  endurance t e s t  phases below are a 

11.9.1 Phase I - The t e s t  a r t i c l e  should be subjected t o  30% of  the  f u l l  cyc les  
as descr ibed i n  11.9 wh i l e  under the  f o l l o w i n g  nominal cond i t i ons :  

I n 1  e t  a i r  pressure and temperature 

Airflow and ambient temperature 

Most de t r imenta l  
s i n g l e  c o n d i t i o n  

Maximum for  above 
i n l e t  c o n d i t i o n  

Ambient pressure Ground l e v e l  
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11.9.2 Phase IT - The test article should be subjected to 30"L of the full cycles. 
as described in 11.9 while under the following conditions: 

Inlet air pressure and temperature Mos t d e t r i me n ta 1 
single condition 

Ai rf low rate 50% of flow 
specified in 11.9.1 

Ambient pressure Ground level 

11.9.3 Phase I I I  - The test article should be subjected to 40"k of the full cycles 
as described in 11.9 while under the fol lowing conditions: 

Inlet air pressure and temperature Most detrimental 
single condition 

Ai rf 1 ow rate 50"L of flow 
specified in 11.9.1 

Amb i en t temper at ur e 27°C r. 22 (80°F ti 
40°F) 

Ambient pressure Ground level 

NOTE: During all testing under 11.9, valve electrical position indicators 
(internal) should be electrically loaded to simulate the aircraft 
Installation. If an altitude compensating device is Incorporated 
in the valve design, altitude testing should aTso be included in 
the valve performance test at the end of each phase. 

11.10 Proof Pressure: 

With the test article in the open position, the test article should be 
subjected to air flow at the temperature condition specified in 11.9.1 
until the test article temperature is stabilized. 
room temperature and pressure unless otherwise covered by the detail 
specification. Many valve designs feature a control supply port separate 
from the inlet port. The requirements of this section apply independently 
to all supply, service, control, and inlet ports of the valve. The test 
article should then be closed and shall resist without permanent 
deformation, the application of the appropriate proof pressure level to the 
inlet and supply port(s) equal to the greater o f  the following: 

Ambient air should be at 

a. 1.5 times the gage pressure with the component at the associated 
temperature for the most adverse pressure and temperature condi tion 
that occurs during normal operation. 

b. 1.1 times the gage pressure with the component at the associated 
temperature for the most adverse pressure and temperature condition 
that occurs in the event of failure of an upstream pressure or 
temperature control device. 

- 1 1  -  
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11-10 (Continued): 

Note that these factors may be increased to allow for installation 
variables and additional requirements may be required to deal with thermal 
deflections. Also note that different values for these factors are defined 
in military specifications and in European Regulation JAR part 25 paragraph 
25.1438. 

11.10.1 If a closed valve in a system installation will always have downstream 
pressure on it, the downstream end of the valve may be pressurized to a 
level such that the differential pressure across the closed valve i s  1.5 
times the maximum possible differential pressure. 

11.10.2 Repeat test described in 17.70 with valve open. 

11.10.3 All proof pressure should be held on the test article for a minimum of 
2 min. 

11.10.4 Proof pressure at the most severe pressure-temperature combination need 
only be verified on a single qualification test article. When more than 
one test article is employed during a qualification test program, the 
proof pressure test in the production acceptance test procedure is used 
for the additional test article(s1. Normally production acceptance test 
pressures are conducted at lab compressor inlet temperatures. The proof 
pressures are higher than the qualification test pressure ievel to adjust 
for the reduction in inlet temperature. This higher customer approved 
proof pressure level is determined by material yield strength data such 
that equivalent damage potential is presented to the test article. 

11.10,5 Following completion of the test, the valve should be visually examined. 
There should be no evidence of deformation or damage, 

1 1 . 1 1  Burst Pressure: 

With the test article in the open position, the test article should be 
subjected to air flow at the temperature condition specified in 11.9.1, 
until the test article temperature is stabilized. Ambient air should be at 
room temperature and pressure, unless otherwise specified by the detail 
specification. Many valve designs feature a control supply port separate 
from the inlet port. 
to all supply, service, control, and inlet ports of the valve. The test 
article should then be closed and shall resist without rupture the 
application of the appropriate burst pressure level to the inlet and supply 
port(s) equal to the greater of the following: 

a. 

The requirements of this section apply independently 

3.0 times the gage pressure with the component at the associated 
temperature for the most adverse pressure and temperature condition 
that occurs during normal operation. 

1.5 times the gage pressure with the component at the associated 
temperature for the most adverse pressure and temperature condi tion 
that occurs in the event of failure of an upstream pressure or 
temperature control device. 

b. 
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11.11 (Continugd) : 
Note t h a t  these f a c t o r s  may be increased t o  a l l o w  fo r  i n s t a l l a t i o n  
v a r i a b l e s  and a d d i t i o n a l  requirements may be r e q u i r e d  t o  deal w i t h  thermal 
d e f l e c t i o n s .  Also note  t h a t  d i f f e r e n t  values o f  the  above f a c t o r s  are 
de f i ned  i n  m i l i t a r y  s p e c i f i c a t i o n s  and i n  European Regu la t ion  JAR p a r t  25 
paragraph 25 1438. 

11.11.1 A l l  b u r s t  pressures should be he ld  on the  t e s t  a r t i c l e  fo r  a minimum o f  
2 min. 

11.11.2 Fo l l ow ing  complet ion o f  the  t e s t ,  t h e  va lve  should be v i s u a l l y  examined. 
There should be no evidence o f  ex te rna l  r u p t u r e  a l though deformat ion i s  
a l  lowed. 

11.12 D i e l e c t r i c  T e s t :  
Equipment designed t o  operate on 28 V DC should be subjected t o  a t e s t  
v o l t a g e  o f  1050 V ( r m s )  a t  commercial f requency o f  approx imate ly  60 Hz for  
1 min app l i ed  between connector p i n s  or te rm ina ls  and t h e  ac tua to r  frame. 
I f  a r a d i o  noise f i l t e r  i s  i n t e g r a l  w i t h  t h i s  u n i t ,  i t  may be disconnected 
be fore  the  t e s t .  If the e l e c t r i c a l  design i s  such t h a t  a s h o r t  w i l l  
r e s u l t ,  i n d i v i d u a l  components may be subjected t o  t h e  t e s t  p r i o r  t o  
assembly. 
t he  d e t a i l  s p e c i f i c a t i o n .  

The maximum a l lowab le  leakage c u r r e n t  s h a l l  be as s p e c i f i e d  i n  

Equipment designed t o  operate on 400 Hz 115 V AC should be subjected t o  a 
t e s t  vo l tage  o f  1250 V ( r m s )  a t  60 Hz app l i ed  bo th  between connector p ins  
or t e rm ina ls  and frame and between each connector p i n  or te rm ina l  and 
frame. Each connect ion should be t e s t e d  a minimum o f  1 min. The maximum 
a l l owab le  leakage c u r r e n t  s h a l l  be as s p e c i f i e d  i n  t h e  d e t a i l  s p e c i f i c a t i o n .  

11.12.1 Capaci tors  should wi thstand,  for  1 s ,  a DC vo l tage  o f  tw ice  t h e  maximum 
peak vo l tage  i n  se rv i ce  or a minimum o f  500 V, whichever i s  g rea te r .  

11.12.2 Retest  Cond i t ions :  The cond i t i ons  fo r  r e t e s t  are the  same as s p e c i f i e d  

11.13 I n s u l a t i o n  Resistance: 

i n  11.12 except t e a t  vo l tage  should be 75% o f  t h e  vo l tage .  

Connect an i n s u l a t i o n  res i s tance  t e s t e r  t o  the  ungrounded e l e c t r i c a l  
connector t e rm ina ls ,  t i e d  together  e l e c t r i c a l l y ,  and t o  the  case o f  the  
e l e c t r i c a l  component of  the  va lves .  
p e r i o d  o f  2 min. The i n s u l a t i o n  res i s tance  s h a l l  n o t  be l e s s  than 100 Ma. 

Apply a vo l tage  o f  500 V DC for  a 

11.14 Sand and Dust: 
Sand and dus t  t e s t s  normal ly  should n o t  be r e q u i r e d  except when s p e c i f i e d  
by the  d e t a i l  s p e c i f i c a t i o n .  
s u p p l i e r  o f  the  r e s p o n s i b i l i t y  o f  f u r n i s h i n g  equipment w i t h  res i s tance  t o  
the  sand and dus t  cond i t i ons  i n c i d e n t  t o  the  s p e c i f i e d  a p p l i c a t i o n  f o r  
which i t  i s  requ i red .  
a r t i c l e  should be subjected t o  the  t e s t  i n  accordance w i t h  MIL-STD-810 o r  
RTCA/DO-160 Ch 12. Dur ing t h i s  t e s t  a l l  ex te rna l  i n t e r f a c e  connect ion 
p o r t s  can be capped. 

Omission of t h i s  t e s t  does n o t  r e l i e v e  the  

I f  a sand and dus t  t e s t  i s  requ i red ,  t he  t e s t  
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11.14 

11.15 

11.16 

11.17 

(Continued): 

A t  the  conc lus ion  o f  the  t e s t ,  t he  a r t i c l e  should be operated and the  t e s t  
r e s u l t s  compared w i t h  the  r e s u l t s  ob ta ined i n  Sec t ion  9. 

A l  t i  tude T e s t :  
The t e s t  a r t i c l e  should be placed w i t h i n  an a l t i t u d e  chamber and t e s t e d  per  
method 504 o f  MIL-STD-810 or RTCA/DO-160 Ch 4, 
temperature cond i t i ons  are  s t a b i  1 ized,  t he  equipment should be operated 
w i t h  a i r f l o w  as s p e c i f i e d  i n  the  customer d e t a i l  s p e c i f i c a t i o n  for  maximum 
a l t i t u d e  and the  r e s u l t s  compared w i t h  those ob ta ined i n  Sec t ion  9. 
t e s t  normal ly  should n o t  be r e q u i r e d  f o r  s h u t o f f  valves.  

When the  pressure and 

Th is  

F l u i d  Resistance: 
The t e s t  a r t i c l e  migh t  be i n s t a l l e d  i n  f l u i d  wetted areas t h a t  can cause 
f i n i s h  s t r i p p i n g  and/or have a p l a s t i c i z i n g  e f f e c t  on many organ ic  
m a t e r i a l s  used i n  the  t e s t  a r t i c l e ,  
eva lua te  the  res i s tance  o f  the  t e s t  a r t i c l e  t o  var ious  chemicals t h a t  can 
wet the  ex te rna l  sur face  o f  the  t e s t  a r t i c l e .  

The purpose o f  t h i s  t e s t  i s  t o  

The t e s t  a r t i c l e  should be o r i e n t e d  as i n  the  a i r c r a f t  i n s t a l l a t i o n  and 
sprayed w i t h  the  w e t t i n g  chemical t h a t  cou ld  occur on the  e x t e r n a l  sur face  
o f  the  t e s t  a r t i c l e  d u r i n g  use. 
t he  t e s t  chemical once a day or more o f t e n  as necessary t o  r e t a i n  a sur face  
wetted c o n d i t i o n  f o r  a p e r i o d  o f  1 month. The spray should be a f i n e  m i s t  
and be d i r e c t e d  toward every major ex te rna l  surface, sea l ,  connector, 
j o i n t ,  and s h a f t  o f  the  a r t i c l e .  The component should be energized and/or 
cyc led  f o r  10 min o f  each day. 

A t  t he  end o f  the  1-month exposure pe r iod ,  and w i t h o u t  removing t h e  excess 
chemical, t he  a r t i c l e  should be placed i n  a c losed chamber and al lowed t o  
age f o r  7 days a t  71°C + 5.5 (160°F f 10). 
a r t i c l e  should be cyc led  for  2 h and g iven a complete f u n c t i o n a l  t e s t .  
component should meet the  requirements o f  the  d e t a i l  s p e c i f i c a t i o n  for  the  
a r t i c l e .  A t  t he  conc lus ion  o f  the  f u n c t i o n a l  t e s t ,  t he  a r t i c l e  should be 
disassembled and inspected f o r  d e t e r i o r a t i o n  or damage. Pa in t ,  f i n i s h ,  
seals ,  l u b r i c a n t s ,  or i n s u l a t i o n  should n o t  be d e t e r i o r a t e d  by exposure to  
the  t e s t  chemical as app l i ed  i n  the  t e s t .  

The t e s t  a r t i c l e  should be sprayed w i t h  

A t  t he  end o f  t h i s  t ime,  the  
The 

Contami nated F1 u i  ds : 
The contaminated f l u i d s  t e s t  i s  normal ly  conducted o n l y  on engine mounted 
a i r c r a f t  valves t h a t  may be subjected t o  contaminants inges ted  d u r i n g  or 
near ground opera t ion .  

The t e s t  should be conducted as s p e c i f i e d  i n  the  customer s p e c i f i c a t i o n .  
t y p i c a l  t e s t  method would be conducted as f o l l o w s :  
Endurance T e s t  (11.9.3) and for  a d u r a t i o n  rep resen t ing  25% o f  t h e  
Phase III endurance cycles,  i n j e c t  t he  i n l e t  a i r  w i t h  contaminants as 
f o l  lows: 

a. 

A 
Dur ing  Phase III o f  the  

An o i l  concent ra t ion  o f  3.0 x 10-6 kg  ( l b )  o f  MIL-L-23699 per  kg  ( l b )  
o f  a i r  
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