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SAE AS1241 Revision B 

1. SCOPE: 

This document establ ishes the  requirements f o r  physical  and chemical 
p roper t ies  and the  minimum t e s t s  t o  evaluate s u i t a b i l i t y  o f  phosphate es ter  
hydraul ic  f l u i d s  f o r  use i n  a i r c r a f t  systems where f i r e  res is tance i s  
required. Add i t iona l  t e s t s  may be speci f ied by procur ing agencies t o  
demonstrate compliance w i t h  s p e c i f i c  requirements. 

2. REFERENCES: 

2.1 SAE Publ icat ions:  

Avai lab le from SAE, 400 Comnonwealth Drive, Warrendale, PA 15096-0001. 

2.1.1 ARP598 Procedure f o r  the  Determination o f  P a r t i c u l a t e  Contamination o f  

2.1.2 SAE 1241 Test F l u i d  1 may be procured from: 
Lindbergh Boulevard, S t .  Louis, MO 63167 

2.1.3 AS4059 Aerospace-Clean1 iness C l a s s i f i c a t i o n  f o r  Hydraul ic F lu ids  

2.2 ASTM Publ icat ions:  

Hydraul ic  F lu ids  by the  P a r t i c l e  Count Method 

Monsanto Company, 800 N. 

Avai lab le from ASTM, 1916 Race Street,  Phi ladelphia,  PA 19103-1187. 

Test f o r  Flash and F i r e  Points by Cleveland Open Cup 2.2.1 ASTM D 92 

2.2.2 ASTM D 97 Test f o r  Pour Point  

2.2.3 ASTM D 445 

2.2.4 ASTM D 941 

Test f o r  V iscos i ty  o f  Transparent and Opaque L iqu ids 
(Kinematic and Dynamic V iscos i t ies )  

Test f o r  Density and Speci f ic  Grav i ty  o f  L iqu ids by L i p k i  
Bicapi  11 ary Pyconometer 

2.2.5 ASTM D 974 Test f o r  Neut ra l i za t ion  Number by Color- Ind icator  T i t r a t i o n  

2.2.6 ASTM D 1744 Test f o r  Water i n  L iqu id  Petroleum Products by Kar l  Fischer 
Reagen 

2.2.7 ASTM D 664 Standard Test Method f o r  Neut ra l i za t ion  Number by 
Potent iometr ic T i t r a t i o n  

2.2.8 ASTM D 412 Tension Test ing o f  Vulcanized Rubber 

2.2.9 ASTM D 471 

2.2.10 ASTM D 877 

Test f o r  Change i n  Propert ies o f  Elastomeric Vulcanizates 
Resul t ing from Immersion i n  L iqu ids 

Test f o r  D i e l e c t r i c  Breakdown Voltage o f  I n s u l a t i n g  Liquids 
Using Disk Electrodes 
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2.2.11 ASTM D 892 Test f o r  Foaming Charac ter is t i cs  o f  Lubr ica t ing  O i l s  

2.2.12 ASTM D 1217 Test f o r  Densi ty and Spec i f i c  Grav i ty  o f  L iqu ids by Bingham 
Pyconome t e r  

2.2.13 ASTM D 2155 Test f o r  Au to ign i t i on  Temperature o f  L iqu id  Petroleum 
Products 

2.2.14 ASTM D 2240 Test f o r  Indentat ion Hardness o f  Rubber and P las t i cs  by Means 
o f  a Durometer 

2.2.15 ASTM D 2766 Spec i f i c  Heat o f  L iqu ids and So l ids  

2.3 I P  Publ icat ions:  

Ava i lab le  from The I n s t i t u t e  o f  Petroleum, 61 New Cavendish S t r e e t ,  London, 
WIM8AR, U.K. 

2 .3 .1  I P  36 Flash and F i r e  Point  (Cleveland Open Cup) 

2.3.2 I P  15 Pour Point  o f  Petroleum 

2.3.3 I P  71 Kinematic V iscos i ty  and Calcu lat ion of Dynamic V iscos i ty  

2.3.4 I P  160 Dens i ty lSpec i f i c  Gravity/API Grav i ty  o f  L iqu id  Petroleum Products 

2.3 .5  I P  139 Neut ra l i za t i on  Number by T i t r a t i o n  (Acid No. o r  Base No.) 

2.3 .6  I P  74 Water Content (by D i s t i l l a t i o n )  (Dean and Starke) 

2.4 National  Aerospace Standards Pub1 ica t ions :  

Ava i lab le  from Aerospace Indus t r ies  Associat ion o f  America, Inc., 1250 Eye 
St ree t  NU, Washington, DC 20005. 

2 .4 .1  NAS 1611 Packing, Preformed O-ring, Phosphate Ester Resistant 

2.4 .2  NAS 1613 Packing, O-ring, Phosphate Ester Resistant 

2.5  Other References: 

2.5 .1  Technical Spec i f i ca t i on  64, Society o f  B r i t i s h  Aerospace Companies 

(-65OF t o  t16OOF) 

Standard Method f o r  (Pro ject ion)  Microscopic Evaluat ion o f  Hydraul ic F l u i d  
Samples f o r  P a r t i c l  e Contamination 

Meeting, New Orleans, LA, January 24, 1966 
Min ia tu r ized  Tests f o r  Fire Resistance o f  Hydraul ic  F lu ids  

2.5.2 D. E. Johnson and N. W .  Furby, Chevron Research Co. presentat ion a t  ASTM 
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2.5.3 J .  H. Keanan and F. G. Keyes, Thermodynamic Propert ies o f  Steam, John Wiley 
& Son, 29th P r i n t i n g  1956 
Iso-thermal b u l k  modulus o f  d i s t i l l e d  water ,  0-3000 p s i  a t  100OF i s  
329 O00 p s i  from Pg. 74 Table 4 o f  compressed l i q u i d s  

2.5.4 Mechani c a l  / E l  e c t r i  c a l  Systems - Compl i ance and Requi rements , Boei ng 
Comerc ia l  Airplane Co., P.O. Box 3707, Seat t le ,  WA 98124-2207 
Erosion Test Valve Drawings 

3. TECHNICAL REQUIREMENTS : 

F l u i d  approvals are granted by c e r t i f y i n g  au thor i t ies ,  i .e . ,  FAA, CAA, etc.,  
f o r  use on air f rame types requested i n  the approval, based on data provided by 
air f rame manufacturers t o  demonstrate q u a l i f i c a t i o n  t o  t h i s  document. 

3.1 Composition: 

The f l u i d  s h a l l  cons is t  o f  a phosphate ester  base t o  which an a d d i t i v e  
package i s  blended. The composition must serve s a t i s f a c t o r i l y  i n  systems 
designed t o  be compatible w i t h  phosphate ester  f l u i d .  New candidate f l u i d s  
must be compatible w i t h  a l l  f l u i d s  prev ious ly  approved t o  t h i s  document and 
i n  cur ren t  usage. Informat ion on approved f l u i d s  may be obtained from such 
air f rame manufacturers as Airbus Indust r ies,  Boeing Comerc ia l  Airplane 
Group, B r i t i s h  Aerospace, Douglas D i v i s i o n  o f  McDonnell Douglas, etc.  

3.2 Types, Classes, Grades: 

3.2.1 Types: 

a. Type I: Obsolete 

b. Type II: Obsolete 

c. Type III: Obsolete 

d. Type I V :  Erosion Arrest ing,  F i r e  Resistant, -65 t o  275 O F  F l u i d  
(-54 t o  135 OC) 

3. 

NOTE: The upper and lower l i m i t s  o f  the temperature ranges s tated ind ica te  
c a p a b i l i t y  f o r  on ly  l i m i t e d  operational l i f e  and the  upper l i m i t  
r e l a t e s  t o  l o c a l  temperature a t  the h o t t e s t  p a r t  o f  the system. 

Classes: 

a. Class 1: 

b. Class 2: 

Low densi ty  - s p e c i f i c  g r a v i t y  0.990 t o  1.020 

High densi ty  - s p e c i f i c  g r a v i t y  1.021 t o  1.066 

- 6 -  
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3.2.3 Grades: 

a. Grade A: Erosion resistant tested at 225 O F  & 10 (107 O C  & 6) 

b. Grade B: Erosion resistant tested at 100 O F  & 10 (38 OC 6) 

3.3 Physi cal and Chemical Propert i es : 

3.3.1 New Fluid Properties: Properties o f  new fluids are stated in Table 1 

TABLE 1 - New F l u i d  Proper t ies 

Proper ty  
Type I V  
Class 1 

Type I V  
Class 2 

Viscos i ty ,  cSt -65 (-54 “c) 2000 max 4200 MX 

(ASTM D 455, Ref. 2.2.3) 100 (38 “c) 9.0 t o  12.5 9 .0  t o  12.5 
3.0 t o  4.0 3.0 t o  4.0 (IP-71, Ref. 2.3.3) 210 OF (99 “c) 

Chemical contamination, max ppm /i/ Chlor ine 50 
Cal c i  um 10 
Sodi um 10 
Potassium 10 
Sul f u r  150 

80 
10 
10 
10 
150 

Mois ture content, X H20 by weight 
(ASTM D 1744, Ref. 2.2.4) 
(IP-74. Ref. 2.3.6) 

Density, gm/ml a t  77 “F (25 “c) 
(ASTM D 941, Ref. 2.2.4) 
(ASTM D 1217, Ref. 2.2.12) 
(IP-160, Ref. 2.3.4) 

Tota l  a c i d  number, mg KOH/gm 
(ASTM D 974, Ref. 2.2.5) 
(ASTM D 664. Ref. 2.2.7) 
(IP-139, Ref. 2.3.5) 

Pour p o i n t  
(ASTM D 97. Ref. 2.2.2) 
(IP-15, Ref. 2.3.2) 

F lash p o i n t  
(ASTM D 92. Ref. 2.2.1) 
(IP-36, Ref. 2.3.1) 

/i/ Elements introduced as p a r t  o f  the  base stock or the  
a d d i t i v e  package s h a l l  not  be considered as contamina- 
t i o n ,  and sha l l  be assigned a nominal value by the 
suppl i er .  

0.30 MX 0.30 max 

0.990 t o  1.020 1.021 t o  1.066 

0.20 max 

l ess  than -80 “F (-62 “c) 

320 ”F (160 “c) min 

F i r e  p o i n t  
(ASTM D 92. Ref. 2.2.1) 
(IP-36, Ref. 2.3.1) 

Auto i g n i t i o n  temp. 
(ASTM D 2155, Ref. 2.2.13) 

350 ”F (177 “c) min 

700 “F (371 “c) min 

Exhaust mani fo ld  t e s t  3.4.1.1 

- 7 -  
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TABLE 1 (Continued) 

Property 
Type IV 
Class 1 

Type IV 
Class 2 

High pressure spray ignition test 

Uick ignition test 

Col or 

State 

Bulk modulus (isothermal secant) 

Coefficient of thermal expansion 
(ASTM D 941, Ref. 2.2.4 or 
ASTM D 1217, Ref. 2.2.12) 

Dielectric strength, KV/mi 1 
(ASTM D 877, Ref. 2.2.10) 

(ASTH D 877, Ref. 2.2.10) 
Electrical resistivity 

Spec i fi c heat 
(ASTM D 2766, Ref. 2.2.15) 

Toxi city 

Hydrolytic stability 

Thermal stabi 1 i ty 

Effect on metals at 425 “F (218 “c) 

Compatibility with other materials 

Flow control valve life 

Particulate contamination, max 

Antierosion additive 

Foaming 
(ASTM D 892 
Ref. 2.2.11) Sequence Temp. 

3.4.1.2 

3.4.1.3 

Clear, blue to purple when viewed 
with white light passing through a 
fluid column o f  approximately 1 in 
diameter. 

Clear liquid. without layering or 
separati on. 

210 O00 psi ( i  450 O00 kPa) min at 
100 “F (38 “c) and O to 3000 psi 
(O to 20 700 kPa) using the method 
of 4.2 on fluid saturated with air 
at room temperature and pressure. 

1.0 x 10-3 in3/in3 T 
(0.6 x ml/ml “c) max between 
77 and 210 T (25 and 99 “c) 

No 1 imi t - but determine value 

No limit - but determine value at 
212 “f (100 “c) and 1000 Hz in an 
AC conductivity bridge 

No limit - but determine value 

Minimal irritant properties, low 
sensitization potential, see 4.10 

4.3 

4.4 

4.6 

4 . 5  

4 .8  

AS 4059, Class 7 (Ref. 2.1.3) 

Concentration and tolerance are to be 
specified by supplier/purchaser 
agreement. 

Foam after Foam after Time for 
5 min 10 min complete 

blowing settl i ng foam col 1 apse 

1 75 (24 “c 250 ml M X  O 100 s max 

3 75 “F (24 “c 450 O 2 50 
2 200 T (93 T 150 O 50 

- 8 -  
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3.3.2 F l u i d  Mixtures: When mixed w i t h  any o ther  approved product, t he  mixture 
s h a l l  meet the requirements as stated i n  Table 2. 

TABLE 2 - Mixture Proper t ies 

Property Requirement 

H i s c i  b i l  i t y  

Foaming, for 25/75. 50150, 75/25 mixes 
(ASTH D 892, Ref. 2.2.11) 

Sequence Temp. 

~~ ~~ 

Canplete i n  a l l  mix ture propor t ions,  wi thout  p r e c i p i t a t i o n  or 
c l  oudi ness. 

Foam a f t e r  Foam a f t e r  Time for 
5 min 10 min complete 

b l  owi ng s e t t l i n g  foam col  1 apse 

1 75 "F (24 "c) 400 ml max O 250 s MX 

2 200 "F (93 "c) 425 O 200 
3 75 "F (24 "c) 425 O 220 

4. QUALIFICATION: 

Q u a l i f i c a t i o n  o f  a new f l u i d ,  o r  a f t e r  a change i n  formulat ion,  s h a l l  be by a 
l abo ra to ry  acceptable t o  the  vendor and the  p o t e n t i a l  users. 
may be the  vendors, t he  users, any approved commercial labora tory ,  o r  any 
combination o f  these as requ i red  t o  perform the  requ i red  q u a l i f i c a t i o n  
t e s t i n g .  The supp l ie r  must f u r n i s h  the f l u i d  requ i red  f o r  q u a l i f i c a t i o n  
t e s t i n g .  Vendor c e r t i f i c a t i o n  must be based on t e s t s  showing t h a t  the f l u i d  
meets a l l  t he  requirements o f  t h i s  document. 

The labora tory  

The fo l l ow ing  t e s t s  are requ i red  fo r  f l u i d  q u a l i f i c a t i o n .  
l i m i t s  are given i n  3 . 3  covering physical  and chemical p roper t ies .  

I n  most cases, the  

4.1 F1 ammabi 1 i ty  : 

Flammabil i ty depends on ob ta in ing  a combustible f u e l / o x i d i z e r  mix tu re  under 
ambient condi t ions.  
d r a s t i c  changes i n  flame charac te r i s t i cs .  Rather than attempt t o  con t ro l  
atmospheric var iab les  t o  standard condi t ion,  SAE AS1241 Test F l u i d  1 
(Reference 2.1.2) i s  used as a reference mater ia l  i n  the  fo l l ow ing  tes ts .  
Overa l l  performance o f  t he  q u a l i f y i n g  f l u i d  s h a l l  be e s s e n t i a l l y  equivalent 
t o  t h a t  o f  SAE AS1241 Test F l u i d  1. I n  the fo l l ow ing  tes ts ,  m in ia tu r i zed  
t e s t i n g  methods ( s i m i l a r  t o  those i n  Reference 2.5.2) may be used, provided 
c o r r e l a t i o n  w i t h  f u l l - s c a l e  t e s t  r e s u l t s  have been establ ished. 

I n  some cases, minor changes i n  environment could cause 

4.1.1 Exhaust Manifold Test: Fabr icate a simulated exhaust stack sec t ion  and 
mount i n  a s h i e l d  as shown i n  Figure 1. Opposite the  s tee l  rod, spotweld a 
thermocouple, and insu la te  the  leads t o  insure proper temperature readings. 
I n s e r t  a heat ing element [Globar Type A t ,  31 x 12 x 1 i n  
(790 x 305 x 25 mm) , 0.633 R, made by Carborundum Co., Niagara Fa l l s ,  NY , 
o r  equivalent]  i n t o  the  tube and make the necessary e l e c t r i c a l  connections. 
Adjust  t he  vol tage so t h a t  the  temperature o f  the tube i s  1300 O F  2 25 
(704 OC & 14). Clean the  tube before each ser ies o f  t e s t s  w i t h  s tee l  wool. 
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4.1.1 (Continued): 

Slowly pour 10 m l  of t e s t  f l u i d  on the simulated exhaust stack i n  n o t  l e s s  
than 40 s.  

Record the  r e s u l t s  as fo l lows:  " f l u i d  burns on the  tube", " f l u i d  does no t  
burn on the  tube", and "burns", "flashes", o r  "does no t  burn" i n  the  bottom 
o f  the  sh ie ld .  

4.1.2 High Pressure Spray I g n i t i o n  Test: Assemble equipment f o r  apply ing 
1000 p s i  & 50 (6895 kPa & 345) t o  the  t e s t  f l u i d .  A suggested arrangement, 
shown i n  Figure 2, cons is ts  of a l a rge  hydrau l i c  cy l inder ,  a n i t rogen 
b o t t l e ,  and necessary l i nes ,  valves, and gages. 
(1.60 m) t h i c k  w i t h  a sharp edged o r i f i c e  0.0145 i n  (0.368 mm) i n  diameter 
t o  spray the  f l u i d .  

Charge the  cy l i nde r  w i th  the t e s t  f l u i d .  
the  gage on the  f l u i d  s ide reads 1000 p s i  & 50 (6895 kPa 5 345). 
va lve a t  the  o r i f i c e  and attempt t o  i g n i t e  the  spray a t  a p o i n t  
1.5 t o  12 i n  (38 t o  305 mm) from the  o r i f i c e  w i t h  an oxy-acetylene to rch  
(Purox Type W-400 with a No. 4 t i p ,  o r  equiva lent ) ,  wh i le  mainta in ing the 
pressure a t  1000 p s i  t 50 (6895 kPa & 345). Ambient a i r  sha l l  be 
75 t o  95 O F  (24 t o  3 5 - O C ) .  

Record t e s t  r e s u l t s  as fo l lows:  " W i l l  no t  i g n i t e " ,  " f lashes w i t h  
d i f f i c u l t y " ,  o r  " f lashes read i l y " .  Also, i nd i ca te  whether any f l ash ing  i s  
se l f -ext inguish ing o r  r e s u l t s  i n  a sustained f i r e .  

I f  the  f l u i d  cannot be ign i ted ,  repeat the  t e s t  by apply ing the  flame a t  
increas ing distances from the  o r i f i c e  up t o  the l i m i t  o f  the  spray. 
i g n i t i o n  o r  f l ash ing  can be produced, record the minimum dis tance from the  
o r i f i c e  a t  which i g n i t i o n  o r  f l ash ing  i s  produced. Also, i nd i ca te  whether 
any f l a s h i n g  i s  se l f -ex t ingu ish ing  o r  r e s u l t s  i n  a sustained f i r e .  

For proper comparison wi th SAE AS1241 Test F l u i d  1 (Reference 2.1.2), the  
t e s t s  on both f l u i d s  should be performed under i d e n t i c a l  atmospheric 
condi t ions,  p re fe rab ly  one immediately fo l low ing  the other.  

Use a s tee l  d i sc  0.063 i n  

Apply n i t rogen pressure so t h a t  
Open the  

Record the  a i r  temperature a t  the t i m e  o f  t e s t .  

I f  

4.1.3 Wick I g n i t i o n  Test: Arrange a means f o r  cyc l i ng  an ord inary p ipe cleaner 
i n  a hor izon ta l  plane through the  flame from a labora tory  burner a t  a f i x e d  
ra te ,  p re fe rab ly  0.5 t o  0.67 Hz. Soak the p ipe cleaner w i t h  the  t e s t  f l u i d  
and a l low the  excess t o  d r a i n  o f f .  Adjust  the  burner wi th s u f f i c i e n t  a i r  
t o  prov ide a nonluminous flame, bu t  not enough t o  form a sharp inner  cone. 
For best resu l t s ,  a flame height  o f  approximately 4 i n  (102 mm) i s  
recommended. Cycle the  p ipe cleaner through the ho t tes t  p a r t  o f  the  flame 
and count the number of cycles u n t i l  a se l f -sus ta in ing  flame i s  achieved. 
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4.2 Bulk Modulus: 

The isothermal secant bu l k  modulus f o r  each a i r  saturated f l u i d  s h a l l  be a t  
l e a s t  210 O00 p s i  (1 450 O00 kPa) a t  100 O F  (38 OC) as determined between 
atmospheric pressure and 3000 p s i  (20 700 kPa). A i r  saturate the  f l u i d  per  
ASTM D 892 (Reference 2.2.11) except a t  room temperature, and a l low complete 
foam col lapse p r i o r  t o  proceeding w i t h  tes ts .  

4.2.1 Test Setup (see Figure 3):  A rece iver  capable o f  wi thstanding the 3000 p s i  
(20 700 kPa) t e s t  pressure i s  required, along w i t h  su i tab le  pumps, pressure 
gages, and temperature i n d i c a t i n g  equipment. S u f f i c i e n t  t ime must be 
allowed f o r  f lu id /apparatus temperatures t o  s t a b i l i z e  t o  100 O F  (38 O C )  

both pressur ized and unpressurized t o  e l im ina te  e f f e c t s  o f  thermal 
expansion. 
Reference 2.5.3. 

t e s t  pressures a t  100 O F  (38 O C ) .  

Cal ib ra te  the  t e s t  equipment w i t h  water using values 

4.2.2 Receiver Expansion: Determine the rece iver  expansion between amb 

4.2.3 Test Procedure: F i l l  and bleed a l l  f r ee  a i r  from the  receiver .  

n 

ent  and 

lose  the 
o u t l e t  va lve and pressur ize t o  3000 ps i  & 25 (20 700 kPa & 173) and 
100 OF & 5 (38 O C  & 3). Open the o u t l e t  va lve and 
catch the  f l u i d  released on expansion t o  atmospheric pressure. Measure a t  
100 O F  (38 OC) and record the volume. Subtract  rece iver  expansion from 
t h i s  quant i t y .  

Close the i n l e t  valve. 

4.2.4 Method o f  Computation: The secant bu lk  modulus i s  the t o t a l  change i n  
f l u i d  pressure d iv ided by the  t o t a l  change i n  f l u i d  volume per  u n i t  volume 
under pressure. Calculate bu1 k modulus as fo l lows:  

B = (P-Po) Vo/(Vo-V) 

where: 

B = Secant bu l k  modulus, p s i  (kPa) 
P = Test pressure, p s i g  (kPa) 
Po = I n i t i a l  pressure, ps ig  (normally O psi!) 
V, = Quan t i t y  a t  Po ( receiver  volume) i n  ( m )  
V = Quan t i t y  a t  P (V, p lus  e f f l u e n t  volume) i n 3  (m3) 

Correct  the volume o f  the rece iver  f o r  changes due t o  pressure and 
temperature. Correct  the e f f l u e n t  volume f o r  t he  d i f f e rence  between i t s  
temperature a t  the t ime o f  reading and i t s  temperature when i t  i s  i n  the  
rece iver .  

Note t h a t  i n  the Equation 1 calcu lat ion,  bu l k  modulus i s  a negat ive value. 
This  ind ica tes  t h a t  the  f l u i d  contracts  under pressure. 
customar i ly  quoted as p o s i t i v e  numbers. 

These values are 
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Receiver 
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Controlled 
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FIGURE 3 - Isothermal Secant Bulk Modulus Test 
4.3 Hydrolytic Stability: 

Closed bottle corrosion tests under high moisture content conditions are 
required to evaluate fluid compatibility with materials normally found in 
aircraft hydraulic systems. 

4.3.1 Materials to be Tested: The qualification requestor must specify the 
required materials to be tested for corrosion resistance. 
Table 3 are potential candidates. 
are for information - approximate equivalents may be substituted. 

The list in 
Materials specification numbers shown 

TABLE 3 - Materials f o r  Hydrolytic Stability Test 

Material Cmposi ti on Speci f i  cat i on 

Steel 9.95Cr. 0.20M0, 

0.50Cr, 0.20Mo. 
0.30C or 0.10C 

4130, MIL-S-18729, AMs 6350 

8630, MIL-S-6050. AMs 6280 
1010, QQ-S-698, AMs 5044 

0.30C or 0.55Ni 

Cadniium Plate QQ-P-416, Type I, Class 2 

Al mi num 1.5Mg. 4.4Cu, 0.6% 2024, QQ-A-250/4, AMS 4035 
or 2.5Hg, 1.6Cu, 7075, QQ-A-250/12, AMs 4045 
5.6Zn. 0.26Cr 

Magnesi um 3.OA1. 1.OZn AZ318, 904-44, AMS 4375 

S i  1 ver QQ-S-365 

Copper 101, 110 994-476. AMS 4500 

Ti tani um 6A1 - 4V ClPOAV, MIL-T-9046 Type III. AMS 4911 
3A1 - 2.5V AMS 4944 

- 14 - 
 

Distributed under license from the IHS Archive
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 as
12

41
b

https://saenorm.com/api/?name=08a4d83869e2427a7f3e6240ae1d1e70


SAE A S * L 2 4 L B  92 7943725 0506194 450 

SAE AS1241 Revision B 

4.3.2 Metal Specimens: Metal specimens are t o  be approximately 1 x 1 x 0.062 i n  
(25 x 25 x 1.57 mm). D r i l l  4 holes approximately 0.062 i n  (1.57 mm) 
diameter, one a t  each corner o f  the  specimen. 

Pol ish each specimen, except cadmium plate,  w i t h  600 g r i t  paper t o  remove 
a l l  surface oxidat ion.  Rinse i n  acetone t o  remove contamination. Do not  
p o l i s h  cadmium p la ted  s tee l  specimens, but  r i n s e  i n  acetone t o  remove 
contamination. 

Weigh each specimen and determine i t s  surface area i n  cm'. 

Arrange the  specimens as shown i n  Figure 4. Tie  the s t r i p s  together w i t h  a 
f l u i d  r e s i s t a n t  cord (i .e., nylon) prev ious ly  washed w i t h  acetone and 
dr ied.  

Mount each metal paral lelogram, from Figure 4, on a su i tab le  
po ly te t ra f luoroe thy lene (PTFE) stand so t h a t  the  setup i s  r i g i d l y  centered 
ins ide  a 250 m l  widemouthed b o t t l e .  The PTFE stand s h a l l  no t  impede f l u i d  
c i  r c u l  a t  i on. 

MAGNESIUM TiTANIUM í6AI-4VI 

CQPPEh TiTANIUM (3AL-2.5V) -/ 

FIGURE 4 - Mater ia l  Arrangement, Hydro ly t i c  S t a b i l i t y  Test 

4.3.3 F l u i d  Preparation: Prepare the  t e s t  f l u i d  by ad jus t ing  the  water content 
o f  t h e  f l u i d  t o  0.80% by weight. Use d i s t i l l e d  water f o r  water adjustment. 
Determine the  fo l lowing:  

a. 
b. N e u t r a l i z a t i o n  number 
c. Water content 

Kinematic v i s c o s i t y  a t  100 and 210 OF (38 and 99 O C )  

4.3.4 Test: Place 125 m l  o f  the f l u i d  i n  a 250 m l  widemouthed b o t t l e  and i n  each 
o f  t h e  two b o t t l e s  from 4.3.3. Seal each b o t t l e  w i t h  an ethylene propylene 
rubber l i n e d  cover. 

Mount the  3 b o t t l e s  (one w i t h  f l u i d ,  two w i t h  f l u i d  and metal samples) i n  a 
tumbling mechanism such t h a t  the  b o t t l e s  w i l l  be r o t a t e d  end-over-end a t  
approximately 5 rpm. 
(82 O C  f. 1) and tumble under these condi t ions f o r  168 h. 

Weigh each o f  the  b o t t l e s  t o  the  nearest 0.01 g. 

Mount i n  an a i r  convection oven a t  180 O F  2 
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4.3.4 (Continued): 

Remove the  bo t t l es .  Weigh each o f  the b o t t l e s  t o  the nearest 0.01 g and 
determine that  no weight l oss  greater  than 0.1 g has occurred due t o  
leakage. 
Any p r e c i p i t a t i o n  re ta ined on the  f i l t e r s  i s  t o  be weighed and recorded. 

F i l t e r  the t e s t  f l u i d s  through compatible 1 pm membrane f i l t e r s .  

Determine the  fo l low ing  f o r  each o f  the  three f l u i d  samples: 

a. 
b. 
c. Neu t ra l i za t i on  number 
d. Water content, % 

V iscos i ty  a t  100 O F  (38 OC) 

V iscos i ty  a t  210 O F  (99 OC) 

Disassemble the  two metal parallelograms, wash each metal specimen i n  
acetone, and dry.  Remove any corros ion products adhering t o  the metals by 
rubbing firmly w i t h  a p iece o f  cheesecloth wetted w i t h  acetone. Dry again. 
Weigh each metal specimen and ca l cu la te  i t s  weight change i n  mi l l ig rams and 
m i  11 igrams per  squared centimeters. 

4.3.5 L im i t s  o f  Results: 
as fo l lows:  

The weight change o f  the metal t e s t  specimens s h a l l  be 

a. +O.ï mg/cm2 maximum f o r  s tee l  
b. z0.4 mg/cm2 maximum f o r  cadmium p l a t e  
c. + O . î  mg/cm2 maximum f o r  aluminum 
d. iO.2 mg/cmz maximum f o r  magnesium 
e. + O . ï  mg/cm2 maximum f o r  t i t a n i u m  
f. z0.4 mg/cm2 maximum f o r  copper 
g. kO.2 mg/cm2 maximum f o r  s i l v e r  

F l u i d  c h a r a c t e r i s t i c  changes r e l a t i v e  t o  values determined i n  4.3.3 s h a l l  
be as fo l lows:  

a. k0.3 mg KOH/g maximum change i n  neu t ra l i za t i on  number 
b. k3.0 cSt maximum change i n  v i s c o s i t y  a t  100 O F  (38 OC) 

c. +1.0 cSt maximum change i n  v i s c o s i t y  a t  210 O F  (99 OC) 

d. Record the  percent water content before and a f t e r  t e s t  

4.4 Thermal S t a b i l i t y :  

4.4.1 Test Setup: Closed b o t t l e  corros ion t e s t s  under h igh  temperature 
condi t ions are required. 
s t a b i l i t y  t e s t  (see 4.3) except: 

a. Water content must be w i t h i n  the l i m i t s  s ta ted i n  Table 1 
b. Test temperature sha l l  be 250 O F  k 2 (121 OC -f 1) f o r  168 h, 

Use the  same t e s t  method as the  h y d r o l y t i c  

instead o f  180 OF (82 OC) 
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4.4.2 L i m i t s  o f  Results: The weight change o f  the metal t e s t  specimens s h a l l  be 
w i t h i n  the  f o l l o w i n g  l i m i t s :  

a. +0.3 mg/cmz maximum f o r  s tee l  
b. z0.3 mg/cm2 maximum f o r  cadmium p l a t e  
c. +0.2 mg/cmz maximum f o r  aluminum 
d. z0.5 mg/cm2 maximum f o r  magnesium 
e. t0.6 mg/cm2 maximum f o r  t i t a n i u m  
f. z0.5 mg/cm2 maximum f o r  copper 
g. k0.3 mg/cm2 maximum f o r  s i l v e r  

F l u i d  c h a r a c t e r i s t i c s  changes (w i th  and without metal samples i n  b o t t l e s )  
r e l a t i v e  t o  values determined i n  4.3.3 s h a l l  be as fo l lows:  

a. 
b. 
c. 
d. 

+0.1 mg KOHJg maximum change i n  n e u t r a l i z a t i o n  number 
z O . 1  cSt maximum change i n  v i s c o s i t y  a t  100 O F  (38 OC)  

t0.3 cSt maximum change i n  v i s c o s i t y  a t  210 O F  (99 OC)  

Record water content percent before and a f t e r  t e s t  

4. F l u i d  Compat ib i l i ty :  

4.5.1 Other Type I V  F lu ids:  When thoroughly mixed f o r  30 min a t  r a t i o s  o f  25/75, 
50/50, and 75/25 by volume, and heated t o  250 O F  & 2 (121 OC k 1) f o r  168 h 
w i t h  each o f  the  f l u i d s  q u a l i f i e d  t o  t h i s  document and i n  cur ren t  use, 
there  s h a l l  be no separation, p r e c i p i t a t i o n ,  cloudiness, o r  v i s i b l e  change 
a f t e r  coo l ing  48 h. The co lo r  of each mixture must l i e  w i t h i n  the spectrum 
from b lue t o  purple.  Color change i s  acceptable. 

can be cleaned o r  f lushed without forming residues detr imental  t o  the 
f l u i d s  and hydraul ic  components. When the  subject  f l u i d  i s  mixed f o r  
30 min a t  r a t i o s  o f  25/75, 50/50, and 75/25 w i t h  the  f o l l o w i n g  solvents, 
there s h a l l  be no immediate separation, p r e c i p i t a t i o n ,  cloudiness, o r  
v isua l  f l u i d  change. 
reac t ion  a f t e r  the  mixtures have been standing f o r  24 h. 
mix ture may be on ly  a d i l u t i o n  o f  the o r i g i n a l  hydraul ic  f l u i d  co lor .  

NOTE: 

4.5.2 Solvents: Cleaning solvent c o m p a t i b i l i t y  i s  requi red t o  assure t h a t  par ts  

There a lso s h a l l  be no p r e c i p i t a t i o n ,  cloudiness, o r  
The c o l o r  o f  each 

This requirement i s  not  intended t o  imply t h a t  these solvents are 
compatible as f lush ing  f l u i d s  f o r  systems using AS1241 hydraul ic  
f l u i d s .  

Stoddard Petroleum Solvent (Federal Spec i f i ca t ion  P-D-680, o r  
equivalent)  
1 , 1,l T r i c h l  oroethane 
1,1,2 Trichlorotrifluoroethane 

4.5.3 Paints: To q u a l i f y ,  f l u i d s  must be compatible w i t h  a i r c r a f t  paints,  such 
as urethane o r  epoxy pa in ts  ( inc lud ing  primers, enamels, and lacquers) 
proven t o  be r e s i s t a n t  t o  phosphate es ter  f l u i d s  and which may be exposed 
t o  contact  by these hydraul ic  f l u i d s .  Paints selected f o r  t h i s  t e s t  w i l l  
be i d e n t i f i e d  by the  air f rame manufacturer request ing q u a l i f i c a t i o n .  
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4.5.3 (Continued): 

Aluminum panels (2024, 7075, o r  equivalent)  primed t o  a d ry  f i l m  
0.0005 t o  0.0007 i n  (0.013 t o  0.018 mm) thickness and f i n i s h  coated t o  a 
dry f i l m  0.0014 t o  0.0024 i n  (0.036 t o  0.061 mn) t h i c k  are requi red f o r  
c o m p a t i b i l i t y  t e s t .  
before imnersion. Panels a r e  t o  be tested i n  the candidate f l u i d  and i n  
SAE AS1241 Test F l u i d  1 (Reference 2.1.2). 

Immerse the  painted t e s t  panels i n  f l u i d  a t  room temperature f o r  30 days. 
Observe d a i l y  f o r  evidence o f  sof ten ing o r  p a i n t  de ter io ra t ion .  

A f t e r  30 days, remove the t e s t  panels from the  f l u i d ,  wash w i t h  one o f  the  
compatible solvents l i s t e d  above, and dry  w i t h  gauze. The painted panels 
i n  the  candidate f l u i d  sha l l  not  sof ten more than those i n  SAE AS1241 Test 
F l u i d  1. No panels sha l l  sof ten more than two grades i n  "penci l  hardness" 
dur ing the 30 day immersion. F ina l  "penci l  hardness" shall be a t  l e a s t  
grade " B " .  

A f t e r  pa int ing,  a i r  d ry  the panels a t  l e a s t  168 h 

Determine "penci l  hardness" as fo l lows: 

A se t  o f  drawing penc i l s  (KOH-I-NOOR 1500, Venus Drawing Pencils, A. W .  
Faber-Caste11 , Eagle Turquoise, o r  equivalent)  ranging i n  hardness from 6B 
t o  5H s h a l l  be prepared by s t r i p p i n g  the  wood away from the end 
approximately 3/8 i n  (9.5 mm) wi thout  damaging the  lead. 
lead s h a l l  be squared as shown i n  Figure 5 by hold ing the  penc i l  i n  a 
v e r t i c a l  p o s i t i o n  and moving the  lead back and f o r t h  over 400 g r i t  o r  f i n e r  
abrasive paper. The t i p  o f  the lead sha l l  be squared a f t e r  each t r i a l .  
A l te rna t ive ly ,  d r a f t i n g  leads held i n  a c l u t c h  type holder such as 
L o c k t i t e  9400 may be used. Place the  t e s t  panels i n  a hor izon ta l  pos i t ion .  
Push penc i l s  o f  increasing hardness across the coated surface o f  the  panel 
a t  a 45O angle u n t i l  one i s  found which w i l l  cut  o r  scratch the  coating. 
The number o f  t h i s  penc i l  s h a l l  be used t o  express the penc i l  hardness. 

The t i p  o f  the 

DIREClïûN OF PENCIL M O W  

7 3ü IN (9.5 mm) 

PAINTED PANEL 

t 

SQUARED n p  OF LEAD 

/ 

FIGURE 5 - Penci l  Test o f  Paints 
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4.5.4 Elastomers: Fluids must pass compatibility tests with ethylene propylene 
rubber [NAS 1613 (Reference 2.4.2) or equivalent] sheet stock soaked in the 
candidate fluid according to the following schedule. lests should be run 
with SAE AS1241 lest Fluid 1 (Reference 2.1.2) as reference. Effects of 
the sock periods on the physical characteristics of the rubber compounds 
shall be no more severe than SAE AS1241 Test Fluid 1 effects on the same 
compounds and must be within the limits shown in Table 4. 
results on three specimens for each determination. 

Average the 

TABLE 4 - Elastomer Test Properties 

SOAK SCHEDULES 

Temperature, "F 2 4 
("c 2 2) 

160 250 225 225 
(711 (121) (107) (107) 

Time, h 5 2 70 70 334 670 

PHYSICAL CHARACTERISTICS 

Durometer Hardness 
Maximun change i n  Shore A scale -12 -25 -20 -25 
2 x 1 x 0.25 i n  t e s t  specimen 
(51 x 25 x 6.35 mn) 
ASTM D 2240 (Ref. 2.2.14) 

Volunie Swell X 
Minimum EPR 4 
Maximum EPR 15 
2 x 1 x 0.125 i n  t e s t  specimen 

ASTM D 471 (Ref. 2.2.9) 
(51 x 25 x 3.18 

5 
25 

5 5 
20 25 

Tensile Strength psi (kPa) 
Minimum psi EPR 
Minimum (kPa) EPR 
2 x 1 x 0.125 i n  t e s t  specimen 

ASTM D 412 (Ref. 2.2.8) 
(51 x 25 x 3.18 mn) 

1500 1300 -- 
(10 340) (8960) -- 

Elongation X -- 125 125 -- Minimum EPR 
2 x 1 x 0.125 i n  t e s t  specimen 
(51 x 25 x 3.18 mn) 
ASTM D 412 (Ref. 2.2.8) 

4.5.5 Other Materials: Most materials that are compatible with phosphate esters 
are not compatible with petroleum or synthetic hydrocarbon fluids. When 
compatibility has not been previously defined for materials that are to be 
used in contact with SAE AS1241 fluids, samples of these materials shall be 
imnersed in SAE AS1241 lest Fluid 1 (Reference 2.1.2) for 30 days at room 
temperature. Compatibility will be approved if the tested materials meet 
performance requirements fol 1 owing the immersion test. 
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4.6 E f fec ts  on Metals Exposed a t  425 O F  (218 OC): 

4.6.1 Metal Specimen Change l i m i t s :  Metal weight change and hydrogen input  sha l l  
not  exceed the  values i n  Table 5 when tested according t o  4.6.3. 

TABLE 5 - Metal Specimen Change Limits 

Metal Weight Change (mg/cm2) Hydrogen Input (ppm) 

Titanium 150 M X  a50 
Stainless steel 15 IMX -- 

4.6.2 Setup: Use specimens 0.75 x 0.75 i n  (19 x 19 mm) by any ava i lab le  
th ickness up t o  0.10 i n  (2.5 mm). Titanium (6A1-4V) and s ta in less  s tee l  
(Type 321) samples are requi red (o r  approximate equiva lents) .  

Use a heat t r a n s f e r  apparatus cons is t ing  o f  1.12 i n  (28.4 mm) i ns ide  
diameter, Type 301 s ta in less  s tee l  cups, su i tab le  temperature probes, hot  
p la te ,  and heater cont ro l .  

4.6.3 Test Procedure: Measure the  pa r t s  per  m i l l i o n  o f  hydrogen present (by 
vacuum gas analys is)  i n  a cont ro l  panel obtained from the  metal sheet from 
which the t e s t  specimens were cut .  

P r i o r  t o  running the t e s t ,  c lean and dry  each t e s t  specimen with acetone 
and weigh t o  the nearest 0.1 mg. 

Dr ip  the  t e s t  f l u i d  onto t e s t  panels a t  a r a t e  approximately 3/4 cm3/h. 
Test f l u i d  s h a l l  be a t  room temperature. 
s ta in less  s tee l  i n  the heat t rans fe r  cups on a temperature con t ro l l ed  hot  
p la te .  
(218 OC 2 11). Every 24 h inspect t e s t  specimens and i f  a surface f i l m  o r  
coat ing occurs, remove such f i l m  w i t h  acetone (a l low specimens t o  cool 
before c leaning) . 

Heat specimens o f  t i t a n i u m  and 

Conduct t es ts  f o r  a per iod o f  4 days (96 h) a t  425 O F  & 20 

Fol lowing the  4 day tes t ,  c lean each t e s t  specimen, weigh t o  the nearest 
0.1 mg, and measure par ts  per  m i l l i o n  o f  hydrogen by vacuum gas analysis.  

Determine the  weight change (average o f  2 readings) i n  grams and increase 
i n  hydrogen content i n  pa r t s  per m i l l i o n  (average o f  2 readings).  

4.7 F l u i d  Performance Test: 

F l u i d  c y c l i n g  i s  a method o f  determining changes i n  f l u i d  charac ter is t i cs ,  
and the  e f f e c t s  on system components under con t ro l l ed  condi t ions.  A pump, 
load valve, heat exchanger, and reservo i r  loop i s  required. 
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4.7 (Continued) : 

The fluid is worked and thermally stressed while passing through the load 
valve until it is cooled in the heat exchanger. The number of fluid cycles 
through the load valve and the time that the fluid is hot, between the load 
valve and heat exchanger, is the total exposure to thermal degradation; 
provided the remainder of the loop is relatively cool, i.e., less than 180 O F  

(82 OC). 

In order to obtain similar results for any conforming test rig, the following 
parameters must be controlled: 

a. Total test time: 500 h 
b. Total fluid cycles: 30 O00 
c. Ratio of hot section fluid capacity to total fluid capacity: 1 to 5 

4.7.1 Fluid Test Circuit: See schematic on Figure 6. Characteristics shall be 
as follows: 

a. Test loop capacity " X "  gallons 

b. Load valve 2850 psid (19 650 kPa) at " Y "  gpm 

c.  Insulated reservoir between the load valve and the heat exchanger to 
hold about 25% of the capacity o f  the total system (including the 
supply reservoir capacity) 

Heat exchanger capacity at least that of the energy input to the pump, 
approximately 73 Btu/min/gpm (20.3 kW/L/s) 

e. Reservoir size to provide the fluid required so that system capacity 
and pump flow yields the desired number of fluid cycles in the desired 
time period per Equation 2 

d. 

(500 h)(60 min/h)(flow rate in gpm) 
30 O00 cycles = system capacity in gallons (Eq.2) 

A fluid cycle is defined as all of the fluid in the test loop completing 
one pass through the test loop. 

4.7.2 Test: Circulate fluid through the load valve and insulated section for 
30 O00 fluid cycles. 
insulated area at 250 O F  f. 5 (121 OC f. 3)  by regulating cooling water flow 
to the heat exchanger. 
(19 650 kPa f. 345) using a commercially available aircraft hydraulic pump. 

After completing the above test, elevate the'control temperature to 275 O F  

(135 OC). Continue testing for 5 h at the raised temperature to 
demonstrate acceptability for short duration. 

Take fluid samples at 6000 to 10 O00 fluid cycle intervals. 

Maintain fluid temperature in the downstream 

Maintain supply pressure at 2850 psi $: 50 
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FIGURE 6 - Pumping Test Circuit Schematic 

4.7.2 (Continued): 

Limits of fluid characteristics after 30 O00 cycles shall be as follows: 

a. 
b. 
c. 

NOTE: 

0.10 max change in neutralization number 
6.00 cSt minimum viscosity at 100 O F  (38 O C )  

2.00 cSt minimum viscosity at 210 O F  (99 O C )  

Shear stability can be determined by plotting viscosity data 
obtained from samples taken during the test. 
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4.7.3 Posttest Inspection: Following the fluid performance test, disassemble the 
system components (pump, filters, and valves) and inspect for evidence of 
any erosion, unusual deposits, or unacceptable wear condition that 
developed during the test. Evaluation of this evidence should be done 
keeping in mind the >10 O00 h normal life of aircraft hydraulic components. 
Pump shaft seals and valve metering edges should receive specific 
attention. 

4.8 Flow Control Valve Life: 

The following are the minimum requirements to demonstrate the antierosion 
characteristics of a product under simulated aircraft operational conditions. 
Other test valves may additionally be included at the discretion of the 
qual i fyi ng agency. 

4.8.1 Grade A Fluid Test: 

4.8.1.1 Test System: The test system to be used is schematically shown in 
Figure 7. The test system requires a minimum capacity of 2.5 gal (9.5 L)  
of fluid under test. A maximum of 5.0 gal (19 L)  may be used. Fluid 
temperature is to be maintained at 225 O F  

system pressure shall be 3000 psig (20 700 kPa) with a minimum of 
2850 psig (19 700 kPa) allowable if the bypass valve is used in an open 
position as a means of regulating system temperature. 

Prior to beginning the test, the system is to be drained of 
any previously tested fluid and flushed with the fluid to be tested. 
Flushing is to be accomplished using 2 to 3 gal (7.6 to 11.4 L)  new fluid 
circulated through a combination of both the erode and desilt loops for a 
total of 0.5 h. A second flush will be accomplished in the same manner, 
if considered necessary, to thoroughly clean the system. Flushing fluid 
i s  to be drained and not to be reused. 

10 (107 OC & 6). Normal 

4.8.1.2 Preparation: 

4.8.1.3 Calibration: A measured volume of new test fluid of near maximum 
capacity for the system is to be installed, and air bleeding procedures 
conducted. The system is to be operated a minimum of 2 h through a 
combination of both the erode and desilt loops. The test valve, 
Figure 8, is then to be calibrated for flow gain and set to operate 
within the knee of the flow gain curve, as illustrated on Figure 9. 
calibration is to be accomplished by repeating testing for flow gain 
until five consecutive curves are obtained. Total accumulated time of 
operation during run-in and calibration is to be a minimum of 4 h. 

beginning with the accomplishment of the test valve calibration. The 
automatic sequence is a 5 min cycle, the last 6 s of this cycle being the 
desilt cycle. 

The 

4.8.1.4 Testing: Operate the system through automatic sequencing for 500 h 

For 2 of the 6 s the valve slide shall be shuttled to a 
fully open position. 
screws (see Figure 7) shall be retorqued to 45 in-lb & 
a periodic cycle (no less frequent than 96 h intervals 
system pressure, temperature, and leakage flow will be 
each 10 h. 

Throughout the 500 h of testing he two sleeve lock 
5 (5.1 J 2 0.6) on . A record of 
obtained at least 
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FIGURE 7 - Erosion Test System 
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FIGURE 8 - Erosion Test Valve Schematic 
(see Reference 2.5.4) 
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FIGURE 9 - Erosion Test Flow Gain Ca l ibra t ion  
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4.8.1.5 

4.8.1.6 

Chlorine Addition: 
chloroform (l,l,l thichloroethane) to yield 1000 ppm +200/-O00 by weight 
of chlorine, in the fluid to be qualified, by injection through the 
hypodermic valve installed in the system for this purpose. 
fluid for at least 15 min with the system bypass partially open to insure 
uniform distribution of the methyl chloroform and to restore the system 
bulk fluid temperature to 225 O F  & 10 (107 OC & 6). 

Sampling: Test fluid samples will be taken at the hypodermic valve 
within 0.5 h of the beginning of test, after the addition of chlorine at 
200 h, and at the completion of 500 h. The samples will be checked for 
total chlorine against the amount added in step 4.8.1.5 and retained for 
chemical analysis. The increase in leakage flow through the valve shall 
not exceed 200 cm2/min maximum after 300 h of testing with methyl 
chloroform added and with no greater than a 0.5 cm*/min/h rate of change 
in leakage in the final 50 h. 

After the first 200 h of testing add methyl 

Circulate 

4.8.2 Grade B Fluid Test: 

4.8.2.1 

4.8.2.2 

4.8.2.3 

4.8.2.4 

Test System: The test system to be used is schematically shown in 
Figure 7. The test system requires a minimum quantity of 2.5 gal (9.5 L) 
of fluid under test. A maximum of 5.0 gal (19.1 L )  may be used. Fluid 
bulk temperature is to be maintained at 100 O F  & 10 (38 OC & 6). Nominal 
system pressure shall be 3000 psig (20 700 kPa) with a minimum of 
2850 psig (19 700 kPa) allowable if the bypass valve i s  used in an open 
position as a means of regulating system temperature. 

Preparation: Prior to beginning the test, the system is to be drained of 
any previously tested fluid and flushed with the fluid to be tested. 
Flushing is to be accomplished using 2 to 3 gal (7.6 to 11.4 L )  of the 
fluid circulated through a combination of both the erode and desilt loops 
for a total of 0.5 h. A second flush will be accomplished in the same 
manner, if considered necessary, to thoroughly clean the system. 
Flushing fluid is to be drained and not to be reused. 

Calibration: A measured volume of new fluid of near maximum capacity for 
the system is to be installed, and air bleeding procedures conducted. 
The system is to be operated a minimum of 2 h at 100 OF 2 10 (38 OC & 6) 
through a combination of both the erode and desilt loops. 
valve, Figure 8, is then to be calibrated for flow gain at 100 O F  

(38 OC & 6) and set to operate within the knee of the flow gain curve, as 
illustrated on Figure 9. The calibration is to be accomplished by 
repeating testing for flow gain until five consecutive curves are 
obtained. Total accumulated time of operation during run-in and 
calibration is to be a minimum of 4 h. 

The test 
10 

Chlorine Addition: 
yield 1000 ppm +200/-O00 by weight of chlorine, in the fluid to be 
qualified, by injection through the hypodermic valve installed in the 
system for this purpose. Circulate the fluid for 15 min with the system 
bypass partially open to insure uniform distribution of the methyl 
chloroform. 

Add methyl chloroform (l,l,l-trichloroethane) to 
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