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FOREWORD 

In format ion f o r  t h i s  document was provided by members o f  SAE Committee AE-5, 
Aerospace Fuel, O i l ,  and Oxid izer  Systems and other  government and c i v i l i a n  
sources. I t descr ibes the evo1 u t i  on o f  endurance t e s t  requirements imposed on 
a i r c r a f t  t u r b i n e  engine f u e l  system components f o r  c e r t i f i c a t i o n  and 
q u a l i f i c a t i o n .  
ava i l ab le  contaminant mater ia ls  i n  meeting s p e c i f i c a t i o n  requirements and the 
recent  successful e f f o r t  t o  prov ide h igh-qua l i t y ,  c e r t i f i e d  const i tuents .  

This document provides background in fo rmat ion  as t o  the  o r i g i n  and evo lu t i on  o f  
f u e l  contaminat ion and endurance t e s t  requirements f o r  a i r c r a f t  t u rb ine  engine 
f u e l  system components, and the  in format ion here in i s  t o  be used f o r  in fo rmat ion  
on1 y. 

Included i s  a h i s t o r y  o f  the inconsis tenc ies o f  commercially 

The f u e l  system o f  a modern a i r c r a f t  gas tu rb ine  engine i s  complex. 
p ro tec t i on  o f  components from suspended fue l  contaminants includes fue l  f i l t r a t i o n  
and contaminat ion-res is tant  component design. To prove a design, standard t e s t s  
have evolved t h a t  subject  f u e l  system components t o  a cont ro l led ,  severe, 
contaminated-fuel environment. These tes ts ,  although used i n  Mil i t a r y  
Spec i f i ca t i on  documents, have f requent ly  been c r i t i c i z e d  by i ndus t r y  spokesmen and 
some w i t h i n  the m i l i t a r y  as we l l .  
contamination problems, contamination t e s t i n g  requirements, and the f u t u r e  
out look.  

The 

This  document i s  an overview o f  e x i s t i n g  

A f t e r  World War I I ,  the  number o f  inc idents  o f  f ue l  contamination increased f o r  
t u r b i  ne-powered a i r c r a f t  as compared t o  those f o r  p i  ston-powered types. 
Contamination was worse due t o  the  h igher  v i s c o s i t y  o f  j e t  f u e l s  and h igh  f u e l  
f l o w  ra tes .  Reports, from the  Korean and Vietnam c o n f l i c t s  o f  j e t  f u e l  being hand 
pumped i n t o  a i r c r a f t  from uncovered tarpaul  in-1 ined p i t s ,  have documented r e a l  
f i e l d  contaminat ion problems. I n  Vietnam a number o f  f i g h t e r  bombers were pu t  out 
o f  ac t i on  due t o  contaminated fue l  from an o f fshore  tanker.  He l icop ters  i n  
combat, re fue led  on- the- f ly ,  a lso  were subjected t o  severe fue l  contamination. 
These events created the need f o r  t e s t  requirements r e f l e c t i n g  t y p i c a l  severe 
f i e l d  cond i t ions .  

SAE Technical Standards Board Rubs  provide that 'This repor! is published by SAE to advance lhe state of technical and engineering 
sciences The use of this repor! is entirely voluntary and its applicability and suitability for any particular use including any patent 
infringement arising therefrom is the sole responsibility of the user 

CAE reviews each technical report dt least every h e  yeds  at which time it may be reaffirmed revised or cancelled SAE invites youi 
written comments and suggestions 
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I FOREWORD (Continued) 

One aspect n o t  addressed by cu r ren t  t e s t  s p e c i f i c a t i o n s  i s  the p o t e n t i a l  f o r  f u e l  
contaminat ion by new a i r c r a f t  f u e l  tanks, which can conta in  l a r g e  amounts o f  
debr is  u n t i l  i t  i s  f lushed out by use. P a r t i c l e s  o f  explos ion suppression foam, 
co t ton  l i n t e r s ,  metal chips, excess sealant, s i l i c a  sand, e tc .  have been found i n  
heat exchangers, f u e l  s t ra iners ,  and f i l t e r s  o f  new a i r c r a f t .  These problems w i l l  
be f u r t h e r  compl icated by the use o f  composites, which may produce new types o f  
contaminat ion f o r  which there i s  very l i t t l e  experience base f o r  so lv ing.  

It should be noted t h a t  there i s  a d i v e r s i t y  o f  t e s t  requirements and an 

requirements should be f o r  the near fu tu re .  
~ un l i ke l i hood  o f  agreement on what the  un iversa l  t e s t  and contamination 
I 
I 

SAE AIR4023 Revision A 

The concern about m i l i t a r y  a v i a t i o n  t u r b i n e  f u e l  contaminat ion increased i n  the 
l a t e  1940s and e a r l y  1950s. 
Navy by the  f u e l  storage requirements imposed by c a r r i e r  operat ions.  Only naval 
a i r c r a f t  were fue led  a t  h igh  r a t e s  from r u s t y  "water bottom" tanks, w i t h  on ly  a 
s i n g l e  f i l t e r  water removal operat ion between storage and a i r c r a f t .  
became apparent t h a t  p iston-engine components were ab le  t o  cope w i t h  more sediment 
and water than t u r b i n e  engine components. Turbine engine f u e l  con t ro l  valves 
d i f f e r e d  g r e a t l y  f r o m  t h e  rec iprocat ing-engine carburetor .  
were requ i red  i n  t u r b i n e  engine c o n t r o l  valves t o  p rov ide  the  accuracy necessary 
f o r  successful operat ion.  These small clearances made components suscept ib le  t o  
so l  i d  contaminat ion and water- re la ted corros ion.  
f requent  p lugging o f  engine fue l  f i l t e r s  wi th  i c e  and o ther  so l i ds .  

The i n i t i a l  concern was probably generated i n  the  

I t soon 

Very c lose  clearances 

Other problems inc luded the  

The q u a l i t y  problem o f  t u rb ine  f u e l  suppl ies was f u r t h e r  complicated by o ther  
fac to rs .  A l a r g e  p i s t o n  engine requ i red  90 t o  120 ga l  o f  a v i a t i o n  gasol ine per  
hour, wh i l e  t h e  t u r b i n e  engine used a t  l e a s t  500 t o  800 ga l  o f  f u e l  per  hour. 
Assuming t h e  same l e v e l  o f  contamination, the t u r b i n e  engine was requ i red  t o  
handle f i v e  t imes as much s o l i d  contamination and water per  hour as the  p i s t o n  
engine. 

The nature o f  j e t  f u e l  a lso  cont r ibu ted  t o  the  problem. 
d i s t i l l a t i o n ,  h igh  dens i ty  and t h e  low i n t e r f a c i a l  tens ion  o f  t u r b i n e  f u e l  
complicated t h e  problem o f  sediment and water removal. 
225 GPM with gaso l ine  had t o  be operated a t  160 t o  180 GPM t o  perform 
s a t i s f a c t o r i l y  w i t h  JP-4. Since t u r b i n e  f u e l s  had a much grea ter  a f f i n i t y  f o r  
water than a v i a t i o n  gasol ine,  f i l t e r  separators o f t e n  f a i l e d  t o  remove a l l  excess 
water. I n  s torage tanks, a 5 pm s o l i d  p a r t i c l e  t h a t  s e t t l e d  approximately 1.5 ft 
per  hour i n  a v i a t i o n  gasoline, would s e t t l e  on ly  4 i n  per  hour i n  JP-4 f u e l ,  and 
on ly  2 i n  per  hour i n  JP-5 (Jet-A). J e t  f u e l s  a lso tended t o  loosen more r u s t  
from the  w a l l s  o f  storage tanks than gasol ine.  

High v i scos i t y ,  wide cu t  

F i l t e r  separators ra ted  a t  

- 2 -  
COPYRIGHT SAE International (Society of Automotive Engineers, Inc)
Licensed by Information Handling Services

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r40

23
a

https://saenorm.com/api/?name=8d8a277755a4659f7f54e159f1fdcb69


SAE AIR*4023A 74 7743725 0523754 371 = 

SAE AIR4023 Revision A 

TABLE OF CONTENTS 

1 . SCOPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

1.1 Evolut ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
1.2 F i e l d  o f  App l ica t ion  . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

2 . APPLICABLE DOCUMENTS . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

2.1 SAE Publ icat ions . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
2.2 M i l i t a r y  Publ icat ions . . . . . . . . . . . . . . . . . . . . . . . . .  4 
2.3 Other Publ icat ions . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

3 . DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

3.1 
3.1.1 
3.1.2 
3.1.3 
3.1.4 
3.2 
3.2.1 
3.2.2 
3.3 
3.3.1 
3.3.2 

Events That Inf luenced Ear ly Turbine Engine Speci f icat ions . . . . . . .  5 
1940s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
1950-51 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
1959 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
1965 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
Test Contaminants . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
Contaminant Requirements . . . . . . . . . . . . . . . . . . . . . . . .  7 
Laboratory Analysis o f  Test Fuel Contaminate Samples . . . . . . . . . .  18 
Endurance Test Requirements . . . . . . . . . . . . . . . . . . . . . .  21 
M i l i t a r y  Test Requirements . . . . . . . . . . . . . . . . . . . . . . .  21 
C i v i l i a n  Test Requirements . . . . . . . . . . . . . . . . . . . . . . .  25 

4 . CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 

4.1 Where Do We Go From Here? . . . . . . . . . . . . . . . . . . . . . . .  26 
4.2 Other Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 
4.3 Lessons Learned . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 

- 3 -  
COPYRIGHT SAE International (Society of Automotive Engineers, Inc)
Licensed by Information Handling Services

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r40

23
a

https://saenorm.com/api/?name=8d8a277755a4659f7f54e159f1fdcb69


SAE A I R * 4 0 2 3 A  9 4  m 7943725 0521955 208 m 

SAE AIR4023 Revision A 

1. 

1.1 

1 . 2  

2 .  

2.1 

2.2 

SCOPE: 

Evo1 u t  i on : 

This  document discusses the h i s t o r y  and development o f  endurance 
requirements, provides an analys is  o f  t e s t  contaminant mater ia l  and includes 
a d iscuss ion o f  f u t u r e  requirements. 

F i e l d  o f  App l ica t ion :  

This  document provides the  reader w i t h  a background o f  a i r c r a f t  tu rb ine  
engine f u e l  system component endurance t e s t  requirements needed by engineers 
working on component design evaluation. 

APPLICABLE DOCUMENTS: 

The fo l l ow ing  pub l i ca t i ons  form a pa r t  o f  t h i s  s p e c i f i c a t i o n  t o  the  extent  
spec i f i ed  herein. The l a t e s t  issue o f  a l l  SAE Technical Reports sha l l  apply. 

SAE Pub1 i ca t  ions : 

Ava i lab le  from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001. 

ARP749 A i r c r a f t  Engine Fuel Pump Endurance Test (Contaminated Fuel) 
MAP749 A i r c r a f t  Turbine Engine Fuel System Component Endurance Test 

M i l i t a r y  Publ icat ions:  

Ava i lab le  from DODSSP, Subscript ion Services Desk, Bu i l d ing  4D, 700 Robbins 
Avenue, Phi 1 adel ph i  a, PA 191 11-5094. 

(Contaminated Fuel ) 

MIL-E-005007E 
(AS) 
MIL-E-5007 

MIL-E-5009 
MIL-E-5007A 

MIL-E-5007B 

MIL-E-5007C 

MIL-E-5007D 

MIL-E-5009A 
MIL-E-5009B 
MIL-E-5009C 
MIL-E-5009D 
MIL-E-8593 
MIL-E-8595 
MIL-E-5009A 

Engines, A i r c r a f t ,  Turbojet and Turbofan, General 
Spec i f i ca t i on  f o r  
Engines, A i r c r a f t ,  Turbojet and Turbofan, General 
Spec i f i ca t i on  f o r  
Engines, A i r c r a f t ,  Turbojet and Turbofan, Tests f o r  
Engines, A i r c r a f t  , Turbojet and Turbofan, General 
Spec i f i ca t i on  f o r  
Engines, A i r c r a f t ,  Turbojet and Turbofan, General 
Spec i f i  c a t  i on f o r  
Engines, A i r c ra f t ,  Turbojet and Turbofan, General 
Spec i f i  c a t  i on f o r  
Engines, A i r c r a f t ,  Turbojet and Turbofan, General 
Spec i f i ca t i on  f o r  
Engines, A i r c r a f t ,  Turbojet and Turbofan, Tests f o r  
Engines, A i rc ra f t ,  Turbojet and Turbofan, Tests f o r  
Engines, A i r c r a f t ,  Turbojet and Turbofan, Tests f o r  
Engines, A i r c r a f t ,  Turbojet and Turbofan, Tests f o r  
Engines, A i r c r a f t ,  Turboprop, General Spec i f i ca t i on  f o r  
Engines, A i r c r a f t ,  Turboprop, Q u a l i f i c a t i o n  Tests f o r  
AMENDMENT-1 
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2.2 (Continued): 

MIL-E-8593A 

MIL-E-87231 

Engines, Aircraft, Turboshaft and Turboprop, General 
Speci fi cati on for 
Engines, Aircraft, Turbojet and Turbofan 

2.3 Other Publications: 

XPP-36C 

NAMC-AEL-1670 

EN 4106 

63-AHGT-42 

EN 4106 Supp I 

NAEC-AEL-1791 

Nov/Dec 1972 

Volume XXXIV 
AFLRL No. 90 

Letter Report 

Report 8266 

NAPC-P-79002 

AS/AV-E-8593C-2 

Endurance Tests of Fuel Metering Components for Advanced 
Application 
Naval Air Engineering Center, Proposed Optimum Method of 
Conducting Contaminated Fuel Tests on Engine Components Per 
Specifications MIL-E-5007B and MIL-E-5009B 
Woodward Governor Company, Contaminated Fuel Test Method to 
MIL-E-5007B and MIL-E-5009B 
American Society o f  Mechanical Engineers, Contaminated Fuel 
Testing o f  Engine Controls to MIL-E-5009B Using the USN 
Aeronautical Engine Laboratory Technique 
Woodward Governor Company, Improved Method for Test i ng 
Components per MIL-E-5007B and MIL-E-5009B 
Naval Air Engineering Center, Proposed Revision to 
MIL-E-5007B and MIL-E-5009B Standardized Method of 
Conducting Contaminated Fuel Tests 
Filtration & Separation, Fuel Filters for Aero Gas Turbine 
Engines 
Doug1 as Service 
Definition of Aviation Turbine Fuel Contamination Under 
Simulated Combat Conditions 
Majac Division, Donaldson Corporation, Analysis of SAE Test 
Samples, MIL-E-5007 
Scientific and Laboratory Services Dept., Pall Corporation, 
Evaluation of MIL-E-05007D lest Contaminant 
Engines, Aircraft, Turbojet and Turbofan, General 
Specification for 
Engines, Aircraft, Turboshaft and Turboprop, General 
Specification for 

3. DISCUSSION: 

3.1 Events That Influenced Early Turbine Engine Specifications: 

3.1.1 1940s: Two F-80's crashed because of contamination that plugged th fuel 
filters and caused dirty fuel to bypass the filter, thus contaminating the 
engine fuel system. 
these prob1 ems. 

A need was created for testing requirements to address 
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3.1.2 1950-51: Engine failures led to a USAF study of turbine fuel supplies. 

Contamination consisting of iron oxides, aluminum oxides, and silica sand 
with concentrations of 1.7 to 34.5 gm/1000 US gal were found during the 
study. Endurance requirements were generated for MIL-E-5007A and 
MIL-E-5009A that called for 150 h of contaminated endurance, with 148 h at 
8 gm/1000 gal and the last 2 h at 80 gm/1000 gal. 
silica (fine Arizona road dust). 
72 h soak was included. 

The test contaminant was 
A separate 50 min saltwater slug test and 

3.1.3 1959: A USN study of 126 JP-4 and JP-5 fuel samples found contaminants of 
iron oxide, silica, and linters in the 0-200 pm range. The result of this 
and the previous USAF study, was MIL-E-5007B and MIL-E-5009B, which 
introduced the level of 41 gm/1000 gal for an entire 300 h endurance test. 
Contaminants were iron oxides, silica (coarse Arizona road dust), cotton 
linters, and saltwater. The separate salt water slug and soak test was 
el imi nated. 

3.1.4 1965: A USAF study of fuel samples from receiving, storage, refuelers, and 
aircraft at SAC bases revealed contamination levels of 
1.0 to 7.2 gm/1000 gal. 
MIL-E-5009C, which reduced the cotton linter quantity to one tenth that of 
MIL-E-50078 and introduced the term "micron" rather than "mesh size" for 
describing 1 arge parti cl es. 

This resulted in revisions MIL-E-5007C and 

3.1.4.1 1973: Specifications MIL-E-5007C, MIL-E-5009C, and MIL-E-5009D were 
combined into MIL-E-5007D. The total quantity of contaminants was 
increased because they were increased from 40.1 to 42.6 gm/1000 gal and 
the iron oxides were erroneously split 50/50 into 14.5 gm Fe3 04 
magnetite and 14.5 gm Fe2 03 hemati te. 
shutdowns were added to the engine control system test. 
were added could not be determined. 

Three control 1 ed-envi ronment 
The reason they 

3.1.4.2 1977: A joint industry and military conference held at Wright-Patterson 
AFB, Ohio to review the component endurance testing requirements in 
MIL-E-5007D concluded the following: 

a. The correct split for the iron oxides should have been 1.5 gm 
magnetite and 27 gm hematite. 

b. The 420- to 1500-pm crushed quartz should be moved to a "to be 
created" slug test. 

The crushed quartz was intended to represent aluminum chips 
frequently found in fuel samples and supposedly "difficult" to obtain 
in graded form. 

The naphthenic acid requirement should be eliminated in tests where 
service fuel is used. 

c. 

d. 

e. Test cycles should be the same for all components and should be 
mission-oriented. 
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3.1.4.2 (Continued): 

d. 

e. The three 120 h engine control system shutdowns, introduced in 

A dirt slug test and a low-lubricity-fuel endurance test should be 
added as separate requirements. 

MIL-E-5007D, should be replaced with a maximum of two overnight 
shutdowns. This requirement should be appl ied to al 1 fuel system 
components including fuel nozzles. 

f. The military should continue to review and refine endurance 
requirements based on field experience. 

3.2 Test Contaminants: 

3.2.1 Contaminant Requirements: The following pages tabulate significant 
f u e l - c o n t a m i n a t i o n - m a t e r i a l  requirements that were imposed on turbine 
engine fuel system components. 

a. MIL-E-5007A, 27 July 1951 and 
b. MIL-E-8593, 3 September 1954 

Particle Size-Microns Percent of Total 
~~~ 

0-5 ......................... 39 +/-2 by weight 
5-10 ......................... 18 +/-3 by weight 
10-20 ......................... 16 +/-3 by weight 
20-40 ......................... 18 +/-3  by weight 

Over 4 0  ......................... 9 +/-3  by weight 
Through a 200-mesh screen......... 100 by weight 

FIGURE 1 - Fine Arizona Road Dust 
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3.2.1 (Continued) : 

c .  XPP-36C, 3 June 1957 

_ _ _ _ _ ~  

Contaminant Particle Size Quantity 

Iron Oxide................ 0-10 Microns....... 36 gm/lOOO gal 
James H. Rhodes &I Co. 
# 3 4 0  London Red R o U g e ,  cr 
equivalent 

Road Dust................. ................... 3.0 gm/lOOO gal 
AC Div., GMC, Coarse Grade 
test dust, or equivalent 

Organic Fibers. ........... ................... 1.0 gm/lOOO gal 
James H. Herron Co, 
#7 cotton linters or equiv- 
alent 

Crude Naphthenic acid...... ................... 0.03 % by volume 

Standard salt water solution ................... To saturate the 
paragraph 41b of QQ-M-15la test fluid at 
Amendment 3 60'F and to 

provide 0.01% 
entrained 
salt water 

FIGURE 2 - Paragraph 4 . 1 . 1  - Fuel Contamination 

I 
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3.2.1 (Continued) : 

d. MIL-E-5007B, 22 January 1959 

Contaminant Particle Size Quantity 

Iron Oxide.. .............. 0-5 Microns....... . 28.5 gm/iOOO gal 
Iron Oxide... ............. 5-10 Microns ....... 1.5 gm/lOOO gal 

Sharp silica sand......... 40-50 Mesh.... ..... 1.0 gm/lOOO gal 
Sharp silica sand......... 50-100 Mesh........ 1.0 gm/lOOO gal 

Prepared dirt conforming.. Mixture as follows. 8.0 gm/lOOO gal 
to AC Spark Plug Part No. 0-5 Microns (12%) 
1543637 (coarse Arizona road 5-10 Microns (12%) 
dust) 10-20 Microns (14%) 

20-40 Microns (23%) 
40-80 Microns (30%) 
80-200 Microns (9%) 

US Standard Staple No. 7.. As ground in a No. 4 1.0 gm/lOOO gal 
prime cotton linters Wiley mill and 

screened through a 4 
mm screen 

~~~ 

Crude Naphthenic acid. ........................ 0.03 % by volume 

with salt spray solution per 
Salt water in accordance.. ................... 0.01 % entrained 

MIL-E-5272 
~~ 

FIGURE 3 - Table I Fuel Contamination 

e. In 1959, an internal Navy memo advocated using the following 
contamination requirements for satisfactory maximum severity advanced 
application testing: 

(1) Silica - 8.37 gm per 1000 gal of test fluid Standardized Coarse 
Air Cleaner Test Dust (AC Spark Plug Div.) 

(2) Iron Oxide - 12-02 gm per 1000 ga 
(Fisher 1-116) 

(3) Cotton Linters - 0.34 gm per 1000 
Co.) 

of test fluid Ferric Ox 

gal #7 Cotton Linters (A 

de 

r Maze 

(4 )  Free Synthetic Sea Water - 632 cubic centimeters per 1000 gal o f  
test fluid. Test fluid must be water saturated at test 
temperature prior to addition of free synthetic sea water. 
Synthetic sea water defined is Federal Test Method Std. No. 791, 
Method 4011.3 Procedure B. 
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SAE AIR84023A 9 4  7943725 05211963 501 

1 

SAE AIR4023 Revision A 

3.2.1 (Continued): 

~ Cotton linters ............ Staple below 7 ..... 0.1 gm/lOOO gal 
USDA Grading Standards 

Crude Naphthenic acid...... ................... 0.03 % by volume 

Salt water prepared by .... ................... 0.01 % entrained 
dissolving salt in distilled 
water or other water con- 
taining not more than 200 
ppm of total solids 

Contaminant Particle Size Quantity 

Iron Oxide................ 0-5 Microns........ 28.5 gm/lOOO gal 
Iron Oxide............. ... 5-10 Microns....... 1.5 gm/lOOO gal 

Sharp silica sand......... 300-420 Microns.... 1.0 gm/lOOO gal 
Sharp silica sand......... 150-300 Microns.... 1.0 gm/lOOO gal 

Prepared dirt conforming.. Mixture as follows. 8.0 gm/lOOO gal 
to AC Spark Plug Part No. 0-5 Microns (12%) 
1543637 (coarse Arizona road 5-10 Microns (12%) 
dust) 10-20 Microns (14%) 

20-40 Microns (23%) 
40-80 Microns (30%) 
80-200 Microns (9%) 

FIGURE 4 - Table I Fuel Contamination 

I 
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SAE AIR4023 Revision A 

3.2.1 (Continued): 

(6) MIL-E-S007D, 15 October 1973 

Contaminant Particle Size Quantity 

Ferroso-Ferric Iron.,..... 0-5 Microns. ............ 14.5 gm/lOOO gal 

Ferric Iron Oxide...... ... 0-5 Microns..... ........ 14.5 gm/lOOO gal 

Oxide (Fe3O4, ( B l a c k  col- 
or) Magnetite) 

(Fe2O3, Hematite) 
Iron oxide.... ............ 5-10 Microns ............ 1.5 gm/lOOO gal 

Crushed quartz ............ 1000-1500 Microns... .... 0.25 gm/lOOO gal 
Crushed quartz ............ 420-1000 Microns........ 1.75 gm/lOOO gal 
Crushed quartz. ........... 300-420 Microns........ . 1.0 gm/lOOO gal 
Crushed quartz ............ 150-300 Microns...... ... 1.0 gm/lOOO gal 

Prepared dirt conform-.... Mixture as follows ...... 8.0 gm/lOOO gal 
ing to AC Spark Plug Part 0-5 Microns (12%) 
No. 1543637 (coarse Ari- 5-10 Microns (12%) 
zona road dust) 10-20 Microns (14%) 

20-40 Microns (23%) 
40-80 Microns (30%) 
80-200 Microns (9%) 

Cotton linters...... ...... Staple below 7.......... 0.1 gm/iOOO gal 
USDA Grading Standards 
SRA-AMs 180 and 251 

Crude Naphthenic ........................ 0.03 % by volume 

Salt water prepared ....... 4 parts by weight NaCl.. 0.01 % by volume 

acid...... 

by dissolving salt in 96 parts by weight H2O.. entrained 
distilled water or other 
water containing not more 
than 200 ppm of total 
solids 

FIGURE 5 - Table X Fuel Contamination 
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SAE A IR*4023A 94 m 7943725 0523963 384 = 

I 
SAE AIR4023 Revision A 

3.2.1 (Continued): 

(7 )  MIL-E-8593A, November 1974 

Contaminant Particle Size Quantity 

'erroso-Ferric Iron....... 0-5 Microns.. ........... 3.70 mg/L 
erric Iron Oxide........ . 0-5 Microns....... ...... 3.83 mg/L 

iron oxide ................ 5-10 Microns. ........... 0 , 3 9 6  mg/L 

Ixide (Fe3O4, (Black col- 
)r) Magnetite) 

:Fe2O3, Hematite) 

Crushed quartz. ........... 1000-1500 Microns....... 0.0661 mg/L 

Crushed quartz...... ...... 300-420 Microns......... 0.264 mg/L 
Crushed quartz...... ...... 150-300 Microns ......... 0.264 mg/L 
Crushed quartz..., ........ 420-1300 Microns...... .. 0.463 mg/L 

Prepared dirt conform-.... Mixture as follows...... 2.11 mg/L 
ing to AC Spark Plug Part 0-5 Microns (12%) 
No. 1543637 (coarse Ari- 5-10 Microns (12%) 
zona road dust) 10-20 Microns (14%) 

20-40 Microns (23%) 
40-80 Microns (30%) 
80-200 Microns (9%) 

~ ~~ 

Cotton linters ............ Staple below 7.......... 0.0264 mg/L 
USDA Grading Standards 
SRA-AMs 180 and 251 

Crude Naphthenic 
acid...... 

........................ 0.03 % by volume 

Salt water prepared ....... 4 parts by weight NaC1.. 0.01 % by volume 
by dissolving salt in 96 parts by weight H2O.. entrained 
distilled water or other 
water containing not more 
than 200 ppm of total 
solids 

FIGURE 6 - Table X Fuel Contamination 
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SAE AIRa4023A 9 4  W 7743725 0523964 210 = 

SAE AIR4023 Revision A 
~~ ~~ 

3.2.1 (Continued) : 

(8) AS/AV-E-8593C-2, 15 June 1982 

Contaminant Particle Size Quantity 

Ferroso-Ferric Iron....... 0-5 Microns....... ...... 0.396 mg/L 
Oxide (Fe3O4, (Black col- 
or) Magnetite) 
Ferric Iron Oxide ......... 0-5 Microns ............. 7.136 mg/L 
(Fe-203, Hematite) 
Iron oxide... ............. 5-10 Microns ............ 0.396 mg/L 
Crushed quartz ............ 1000-1500 Microns ....... 0.0661 mg/L 
Crushed quartz ............ 300-420 Microns.. ....... 0.264 mg/L 
Crushed quartz ............ 150-300 Microns....... .. 0.264 mg/L 
Crushed quartz ............ 420-1000 Microns........ 0.463 mg/L 

Prepared dirt conform-.... Mixture as follows ...... 2.11 mg/L 
ing to AC Spark Plug Part 0-5 Microns (12%) 
No. 1543637 (coarse Ari- 5-10 Microns (12%) 
zona road dust) 10-2G Microns (14%) 

20-40 Microns (23%) 
40-80 Microns (30%) 
80-200 Microns (9%) 

Cotton linters........ .... Staple below 7.......... 0.0264 mg/L 
USDA Grading Standards 
SRA-AMs 180 and 251 

Crude Naphthenic 
acid ...... ........................ 0.03 % by volume 

Salt water prepared ....... 4 parts by weight NaCl.. 0.01 % by volume 
by dissolving salt in 96 parts by weight H20.. entrained 
distilled water or other 
water containing not more 
than 200 ppm of total 
solids 

FIGURE 7 - Table X Fuel Contamination 
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SAE A IRr4023A 94 7943725 0521965 157 

~ 

Contaminant Particle S i z e  Q u a n t i t y  

SAE AIR4023 Revision A 

Ferroso-Ferr ic  I ron . . . . . . .  0-5 Microns ............. 0 . 2 5  mg/L 
Oxide ( F e i O 4 ,  (Black col- 
o r )  Magnetite) 
Ferric I r o n  Oxide ......... 0-5 Microns. ............ 1 .25  mg/L 
(Fe203, H e m a t i t e )  

Prepared d i r t  conform-. ... Mixture as follows...... 0.5 mg/L 
i n g  t o  AC Spark Plug P a r t  0-5 Microns ( 1 2 % )  
No. 1543637 ( coa r se  A r i -  5-10 Microns (12%) 
zona road d u s t )  10-20 Microns ( 1 4 % )  

20-40 Microns (23%) 
40-80 Microns (30%) 
80-200 Microns (9%) 

c o t t o n  l i n t e r s  ............ Staple below 7.......... 0.005 mg/L 
USDA Grading Standards  
SRA-AMs 180 and 2 5 1  

FIGURE 8 - Table X I  Fuel Contaminant 
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SAE AIR*i<4023A 74 7743725 0 5 2 L î b b  093 

SAE AIR4023 Revision A 

3.2.1 (Continued): 

(9)  MIL-E-O05007E(AS), 1 September 1983 (NAVY 

Contaminant Particle Size Quantity 

Ferroso-Ferric Iron....... 0-5 Microns ............. 1.5 gm/lOOO gal 
Oxide (Fe3O4, (Black col- 
or) Magnetite) 
Ferric Iron Oxide..... .... 0-5 Microns........ ..... 27 gm/lOOO gal 
( F e 2 O 3 ,  Hematite) 
Iron oxide.... ............ 5-10 Microns... ......... 1.5 gm/lOOO gal 

~~ 

Crushed quartz ............ 1000-1500 Microns.. ..... 0.25 qm/lOOO gal 
Crushed quartz ............ 420-1000 Microns........ 1.75 gm/lOOO gal 
Crushed quartz ............ 3 0 0 - 4 2 0  Microns........ . 1.0 gm/lOOO gal 
Crushed quartz ............ 150-300 Microns.. ....... 1.0 gm/lOOO gal 
Prepared dirt conform-.... Mixture as follows...... 8.0 gm/lOOO gal 
ing to AC Spark Plug Part 0-5 Microns (12%) 
No. 1543637 (coarse Ari- 5-10 Microns (12%) 
zona road dust) 10-20 Microns (14%) 

20-40 Microns (23%) 
40-80 Microns (30%) 
80-200 Microns (9%) 

Cotton linters............ Staple below 7.......... 0.1 gm/lOOO gal 
USDA Grading Standards 
SRA-AMs 180 and 251 

Crude Naphthenic ........................ 0.03 % by volume 

Salt water prepared ....... 4 parts by weight NaCl.. 0.01 % by volume 

acid...... 

by dissolving salt in 96 parts by weight H20.. entrained 
distilled water or other 
water containing not more 
than 2 0 0  ppm of total 
solids 

FIGURE 9 - Table X Fuel Contamination 
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SAE AIR*4023A 94 = 7943725 0523967 T 2 T  W 

SAE AIR4023 Revision A 
~~ -~ 

3.2.1 (Continued) : 

(10) MIL-E-87231 (USAF), 30 September 1985 

Contaminant 
~~ 

Particle Size Quantity 

Ferroso-Ferric Iron....... 0-5 Microns............. 1.0 gm/lOOO gal 
Oxide (Fe3O4,  (Black col- 
or) Magnetite) 

(Fe2O3,  Hematite) 
Ferric Iron Oxide.... ..... 0-5 Microns......,...... 5.0 gm/lOOO gal 

~~ ~ ~ ~ 

Prepared dirt conform-.... Mixture as follows...... 2 . 0  gm/lOOO gal 
ing to AC Spark Plug Part 0-5 Microns (12%) 
No. 1543637 (coarse A r i -  5-10 Microns (12%) 
zona road dust) 10-20 Microns (14%) 

20-40 Microns (23%) 
40-80 Microns (30%) 
80-200 Microns (9%) 

Cotton linters............ Staple below 7.......... 0.02 gm/lOOO gal 
USDA Grading Standards 
SRA-AMs 180 and 251 

FIGURE 10 - Table  XII Fuel Contaminants for Continuous Operation 
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SAE AIR*4023A 9 4  7943725 0521968 966 

SAE AIR4023 Revision A 

3.2.1 (Continued): 

(11) MIL-E-87231 (USAF), 30 September 1985 

Contaminant Particle Size Quantity 
~ 

Ferroso-Ferric Iron....... 0-5 Microns............. 1.5 gm/lOOO gal 
Oxide (Fe304, (Black col- 
or) Magnetite) 

(Fe2O3, Hematite) 

Crushed quartz ............ 1000-1500 Microns....... 0.25 gm/lOOO gal 
Crushed quartz ............ 420-1000 Microns........ 1.75 gm/lOOO gal 
Crushed quartz ............ 300-420 Microns. ........ 1.0 gm/lOOO gal 
Crushed quartz ............ 150-300 Microns.... ..... 1.0 gm/iOOO gai 

Ferric Iron Oxide ......... 0-5 Microns........... .. 29 gm/lOOO gal 

~~ 

Prepared dirt conform-.... Mixture as follows...... 8.0 gm/lOOO gal 
ing to AC Spark Plug Part 0-5 Microns (12%) 
No. 1543637 (coarse Ari- 5-10 Microns (12%) 
zona road dust) 10-20 Microns (14%) 

20-40 Microns (23%) 
40-80 Microns (30%) 
80-200 Microns (9%) 

~ 

Cotton linters............ Staple below 7.......... 0.1 gm/lOOO gal 
USDA Grading Standards 
SRA-AMs 180 and 251 

Salt water prepared ....... 4 parts by weight NaCl.. 0.01 % by volume 
by dissolving salt in 96 parts by weight H20.. entrained 
distilled water or other 
water containing not more 
than 200 ppm of total 
solids 

FIGURE 11 - Table XII1 Fuel Contaminants for Equivalent Mission Time 
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SAE AIRx4023A 94 W 7943725 0523969 8T2  

~ 3.2.2 Laboratory Analys is  o f  Test Fuel Contaminate Samples: F igure 12 contains 
the  1980 analyses o f  contaminat ion mater ia ls  obta ined from var ious  
component manufacturers. 
beginning o f  t he  a i r c r a f t  t u r b i n e  era. 
which was custom graded a f t e r  1975. 
road dust,  t he  des i red s i z e  d i s t r i b u t i o n  i s  assumed t o  be l i n e a r  over the  
s p e c i f i e d  range. 
d i s t r i b u t i o n  and there  was l i t t l e  s i m i l a r i t y  between samples o f  t h e  same 
mate r ia l .  These data revealed t h a t  because a wide v a r i a t i o n  i n  "standard" 
contaminants existed, a cons is ten t  performance base1 i n e  was no t  
estab l ished.  

The o r i g i n  o f  the  samples dates back t o  the  
An except ion i s  sample #12 (Fe203), 

Except f o r  Arizona coarse and f i n e  

Except f o r  #1, none o f  the  ma te r ia l s  met t h e  des i red s i ze  

SAE AIR4023 Revis ion A 

Very l a r g e  d i f f e rences  i n  component performance r e s u l t e d  from v a r i a t i o n s  i n  
contaminants, such as red  i r o n  oxides. The imported red o p t i c a l  p o l i s h i n g  
Fe20, ox ide behaved l i k e  the  na tu ra l  f u e l  storage tank corros ion.  However, 
a chemical ly  equiva lent ,  Fe,O, "orange" oxide, intended f o r  use i n  p a i n t  
pigment, p l a t e d  out  on i n t e r n a l  component surfaces producing an 
u n r e a l i s t i c a l l y  severe c o n d i t i o n  t h a t  caused proven, p rev ious ly  q u a l i f i e d  
components t o  f a i l .  

I n  the  e a r l y  1980s, through the  e f f o r t s  o f  SAE Subcommittees AE-5B, one 
company equipped t o  f r a c t i o n  and grade ma te r ia l s  became in te res ted  i n  
f u r n i s h i n g  c e r t i f i e d  mater ia ls .  For the  f i r s t  t ime i t  was poss ib le  t o  
ob ta in  c e r t i f i e d  contaminants t h a t  a c t u a l l y  met the  i n t e n t  o f  t he  
requirements. 
Standard (AS) t h a t  s h a l l  descr ibe al lowable v a r i a t i o n s  i n  t h e  p a r t i c l e  
d i s t r i b u t i o n  o f  contaminants f o r  a l l  suppl iers .  

A goal o f  these e f f o r t s  was t o  e s t a b l i s h  an SAE Aeronaut ical  

Arizona Fine Test Dust 
% by Wt. 

(Microns) Spec. Sample 1 
Size 

0-5 39+/-2 3 7 . 0  
5-10  la+ / -3  1 4 . 0  

2 0-4 O l a+ / -3  1 7 . 0  

80-200 

10-20  16+/-3 2 1 .  o 

40-80  9+/-3 11.0 -_ -- 

S i z e  
(Microns) 

0-5 
5-10  
10-20  
20-40  
40-80  
80-200 

Arizona Coarse Test Dust 
% by Wt. 

Spec. Sample 2 Sample 3 Sample 4 Sample 5 

12+/-2 1 2 . 5  6 . 8  3 . 3  1 3 . 0  
12+/-3 8 . 5  6 . 2  2 . 7  2 3 . 0  
14+/-3 1 4 . 5  9 . 5  4 . 0  35 .  O 
23+/-3 3 0 . 5  1 7 . 5  1 7 . 0  2 7 . 0  
30+/-3 3 2 . 5  3 9 . 0  4 4 . 0  3 . 0  

9+/-3 1.5 2 1 . 0  2 9 . 0  -- 
FIGURE 12 - Table 3.2-1 
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SAE AIRJ4023A 9 4  = 7943725  0521970 5LY = 

SAE AIR4023 Revision A 

Fe7O7 Red Iron Oxide (Hematite) 0-5 Micron 
% gy-wt. 

Size 
(Microns) Implied Sample 6 Sample 7 Camp e 8 Sample 9 Sample 10 

-- 0-1 20.0 39.0 20.0 41 O 13.4 
1-2 20. o 47.5 33.0 4a 5 46.9 50.0 
2-3 20. o 3.5 3.0 3.5 39.6 39.0 
3 -4 20.0 2.5 2.0 1.8 o. o 7 . 0  

20.0 2.5 2.0 2.0 0.0 2.5 4-5 
>!i -- 6.5 40.0 3.5 0.0 2.5 

Size 
(Microns) 

0-lm 
1-2 
2-3 
3 -4 
4-5 
>5 

Fe203 Red Iron Oxide (Hematite) 0-5 Micron 
% by Wt. 

Implied Sample 11 

-- o. o 
o. o 26.0 
o. o 33.0 
o. o 21. o 
o. o 9.0 
100.0 11. o 

Size 
(Microns) 

0-1 
1-2 
2-3 
3 -4 
4-5 
>5 

Fe203 Red Iron Oxide (Hematite) Custom Graded f o r  Test 
% by Wt. by commercial lab 

Implied Sample 12 

20.0 6.5 
20. o 23.5 
20.0 36.0 
20.0 22.0 
20.0 12.0 -- 0 . 0  

Size 
(Microns) 

0-1 
1-2 
2-3 
3 -4 
4-5 
>5 

Fe304 Black I ron  Oxide (Magnetite) 
% by Wt. 

Implied Sample 13 Sample 14 Sample 15 Sample 16 

20.0 49.0 41. O 51. O 12. o 
20.0 34.0 35. O 39.5 16.0 
20. o 3.5 9.0 3.0 4.0 
20.0 1.8 5.0 1. o 3.0 
20.0 2.0 3.0 1. o 2.0 -- 3.5 7.0 4.5 63.0 

FIGURE 12 - Table 3 . 2 - 1  (Continued) 
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SAE A IRr4023A 94 7943725 052Lî7L 450 

SAE AIR4023 Revision A 

Crushed Quartz 150 - 300m 
% by Wt. 

Size 
(Microns) Sample 18 Sample 19 

<150 O 6.0 50. O 
150-200 33.3 5.0 13.7 
200-300 66.6 9.0 27.3 
>300 O 80.0 9.1 

Crushed Quartz 300 - 420m 
% by Wt. 

Size 
(Microns) Sample 20 Sample 21 Sample 22 

<300 O 45.5 90.5 17.7 
300-400 83.3 17.5 6.7 36.0 
4 00-42 O 16.7 7.4 1.3 7.4 
> 4 2 0  O 29.6 1.5 36.4 

Crushed Quartz 420 - 1000m 
% by Wt. 

(Microns ) Sample 23 
Size 

<420 O O 
420-500 10.3 O 
500-600 17.2 1.2 
600-700 17.2 2.4 
700-800 17.2 2.2 
800-900 17.2 6.4 
900-1000 17.2 13.5 
>loo0 O 74.2 

In the early 1980’s, through the efforts of SAE Subcommittees 
AE-5B, one company equipped to fraction and grade materials 
became interested in furnishing certified materials. For the 
first time it was possible to obtain certified contaminants that 
actually m e t  the intent of the requirements. A goal of these 
efforts was to establish an C A E  Aeronautical standard (AS) that 
shall describe allowable variations in the particle distribution 
of contaminants f o r  all suppliers. 

FIGURE 12 - Tab e 3.2-1 (Cont nued) 
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SAE A I R J 4 0 2 3 A  9 4  7943725 0523972  377 

SAE AIR4023 Revision A 

3.3 Endurance Test Requirements: 

3.3.1 Military Test Requirements: Early test requirements reflected the short 
expectation o f  turbine engine life that was based on piston engine 
experience. Endurance test times with contaminated fuel reflected this 
projected overhaul life. The following data describe significant past 
requirements: 

a. MIL-E-5009A, 27 July 1951 

(1) Accelerated Aging, 168 h 

(a) Drained and static at 160 O F  

(2) Saltwater, 73 h 

(a) 30 min cyclic operation, introduce a 1 pt saltwater slug to 
component inlet followed by 20 min of additional cyclic 
operation and a 72 h nonoperating soak 

(3) High Temperature Endurance, 51 h 

(a) A static 1 h hot soak followed by 50 h of cyclic operation 
with clean hot fuel and hot ambient conditions 

(4) Room Temperature Endurance, 400 h 

(a) 250 h of cyclic operation with clean fuel, 148 h with 8 gm 
fine Arizona road dust contamination/1000 gal, 2 h with 80 gm 
fine Arizona road dust contamination/1000 gal 

(5) Cold Testing, 92 h 

(a) A static 72 h cold soak, followed by ten 2 h periods of 
cyclic endurance separated by simulated starts with clean 
cold fuel 

b.  XPP-36C, 3 June 1957 

(1) Accelerated Aging, 168 h 

(a) Drained and static at 160 OF 

(2) High Temperature Endurance, 51 h 

(a) A static 3 h hot soak followed by 50 h o f  cyclic operation 
with hot (230 O F )  contaminated fuel and (250 O F )  ambient 
conditions 
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3.3.1 (Continued): 

(3) Room Temperature Endurance, 400 h 

(a) 200 h o f  c y c l i c  operat ion w i t h  contaminated f u e l ,  a 72 h soak 
f i l l e d  w i t h  t e s t  f u e l  and a f i n a l  200 h o f  c y c l i c  operat ion 
w i t h  contaminated f u e l  

(4) Cold Testing, 92 h 

(a) A s t a t i c  72 h c o l d  soak, fo l lowed by 50 h o f  c y c l i c  endurance 
w h i l e  suppl ied w i t h  c o l d  (-35 O F )  contaminated f u e l  

c. MIL-E-50096, 22 January 1959 

( i )  Accelerated Aging, 168 h 

(a )  Drained and s t a t i c  a t  160 O F  

(2) High Temperature Endurance, 100 h 

(a)  

Room Temperature Endurance, 300 h 

(a) 300 h o f  c y c l i c  operat ion w i t h  MIL-E-5007B f u e l  contamination 

100 h o f  c y c l i c  operat ion w i t h  hot  c lean fuel and ho t  ambient 
cond i t ions  

( 3 )  

(4) Cold Testing, 30 h 

(a) A s t a t i c  10 h c o l d  soak, fo l lowed by ten  2 h per iods o f  
c y c l  i c  endurance separated by simulated s t a r t s  w i t h  c lean 
c o l d  f u e l  

d. MIL-E-SOOgC, 30 December 1965 

(1) Accelerated Aging, 168 h 

(a) Drained and s t a t i c  a t  160 OF 

(2 )  High Temperature Endurance, 100 h 

(a) 

Room Temperature Endurance, 300 h 

(a) 300 h o f  c y c l i c  operat ion w i t h  MIL-E-5007C f u e l  contamination 

100 h o f  cyc l  i c  operat ion w i t h  h o t  c lean f u e l  and h o t  ambient 
cond i t ions  

( 3 )  

SAE AIR4023 Revision A 
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