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FOREWORD (Continued)

One aspect not addressed by current test specifications is the potential for fuel
contamination by new aircraft fuel tanks, which can contain large amounts of

debris until it is flushed out by use.

Particles of explosion suppression foam,
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heat exchangers, fuel strainers, and filters of new aircraft.
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It should b
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requirement$ should be for the near future.
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1. SCOPE:

1.1 Evolut

ion:

This document discusses the history and development of endurance
requirements, provides an analysis of test contaminant material and includes
a discussion of future requirements.

1.2

Field of Application:

This document-pro#ides—%he-:eade#—with—a—baekg#ound—eﬁ—aiperait turbine
engine| fuel system component endurance test requirements needed by engineers

working on component design evaluation.

2. APPLICA
The fol

specifipd herein.

BLE DOCUMENTS:

lowing publications form a part of this specification to
The latest issue of all SAE Technical Reporti

the extent
s shall apply.

2.1 SAE Puplications:

Availaple from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

ARP749| Aircraft Engine Fuel Pump Endurance Test (Contaminated Fuel)

MAP749( Aircraft Turbine Engine Fuel’ System Component Endurange Test

(Contaminated Fuel)
2.2 Military Publications:

Available from DODSSP, Subscription Services Desk, Building 40, 700 Robbins

Avenue| Philadelphia, PA*19111-5094.

MIL-E-PO5007E Engines, Aircraft, Turbojet and Turbofan, Genenal

(AS) Specification for

MIL-E-5007 Engines, Aircraft, Turbojet and Turbofan, Genenal
Specification for

MIL-E-5009 Engines, Aircraft, Turbojet and Turbofan, Testq for

MIL-E-5007A Engines, Aircraft, Turbojet and Turbofan, Genenal
Specificationfor

MIL-E-5007B Engines, Aircraft, Turbojet and Turbofan, General
Specification for

MIL-E-5007C Engines, Aircraft, Turbojet and Turbofan, General
Specification for

MIL-E-5007D Engines, Aircraft, Turbojet and Turbofan, General
Specification for

MIL-E-5009A Engines, Aircraft, Turbojet and Turbofan, Tests for

MIL-E-5009B Engines, Aircraft, Turbojet and Turbofan, Tests for

MIL-E-5009C Engines, Aircraft, Turbojet and Turbofan, Tests for

MIL-E-5009D Engines, Aircraft, Turbojet and Turbofan, Tests for

MIL-E-8593 Engines, Aircraft, Turboprop, General Specification for

MIL-E-8595 Engines, Aircraft, Turboprop, Qualification Tests for

MIL-E-5009A AMENDMENT-1
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2.2 (Continued):

MIL-E-8593A Engines, Aircraft, Turboshaft and Turboprop, General
Specification for
MIL-E-87231 Engines, Aircraft, Turbojet and Turbofan

2.3 Other Publications:

XPP-36C Endurance Tests of Fuel Metering Components for Advanced
Application

NAMC-AEL-167 i ; hod of

Conducting Contaminated Fuel Tests on Engine Compopents Per

Specifications MIL-E-5007B and MIL-E-50098

EN 4106 Woodward Governor Company, Contaminated Fuel. Test Method to
MIL-E-5007B and MIL-E-5009B
63-AHGT-42 American Society of Mechanical Engineers, Contaminpgted Fuel

Testing of Engine Controls to MIL-E-5009B Using thp USN
Aeronautical Engine Laboratory Techmique
EN 4106 Supp I  Woodward Governor Company, Improved Method for Testing
t Components per MIL-E-5007B and MIL-E-5009B
NAEC-AEL-1791 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
Douglas Service
Definition of Aviation Turbine Fuel Contamination Under
Simulated Combat.Conditions
t Majac Division, )Donaldson Corporation, Analysis of| SAE Test
Samples, MIL-E-5007
Report #266 Scientificiand Laboratory Services Dept., Pall Corporation,
Evaluation of MIL-E-05007D Test Contaminant
NAPC-P-7900p Engines, Aircraft, Turbojet and Turbofan, General
Specification for
AS/AV-E-859BC-2 Engjnes, Aircraft, Turboshaft and Turboprop, Generjal
Specification for

Nov/Dec 197

™

Volume XXXI
AFLRL No. 9

L=

Letter Repo

-

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 the fuel
filters and caused dirty fuel to bypass the filter, thus contaminating the
engine fuel system. A need was created for testing requirements to address
these problems.
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3.1.2

3.1.3

3.1.4

3.1.4.1

3.1.4.2

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. The test contaminant was
silica (fine Arizona road dust). A separate 50 min saltwater slug test and
72 h soak was included.

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 zm range. [The result of this
and thhe previous USAF study, was MIL-E-5007B and MIL-E-50098] which
intrgduced the level of 41 gm/1000 gal for an entire 300 |h ehdurance test.
Contaminants were iron oxides, silica (coarse Arizona road dust), cotton
linters, and saltwater. The separate salt water slug-and soak test was
eliminated.

1965: A USAF study of fuel samples from receiving, storage,|refuelers, and
aircrjaft at SAC bases revealed contamination<levels of
1.0 to 7.2 gm/1000 gal. This resulted ip revisions MIL-E-5007C and
MIL-E-5009C, which reduced the cotton linter quantity to one|[tenth that of
MIL-E-5007B and introduced the term "mi¢ron" rather than "mesh size" for
descrjibing large particles.

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
thel iron oxides were erroneously split 50/50 into 14.5 gm fe3 04
magmetite and 14.5 gm Fe2 03 hematite. Three contro11ed-emvironment
shutdowns were added.to the engine control system test. The reason they
were added could not be determined.

197]7: A jointlindustry and military conference held at Wrjght-Patterson
AFB, Ohio to review the component endurance testing requirements in
MIL-E-50070 )concluded the following:

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

b. The 420- to 1500-zm 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.

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

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

e. The three 120 h engine control system shutdowns, introduced in
MIL-E-5007D, should be replaced with a maximum of two overnight
shutdowns. This requirement should be applied to all fuel system
components including fuel nozzles.

f. The
requfirements based on field experience.

3.2 Test Contamiphants:

3.2.1 Contaminant Requirements: The following pages tabulatesignificant
fuel-contamination-material requirements that were imposed on turbine
engine fuell 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 Jeuiieeansssnunnoeasaeiods 39 +/-2 by weight

5=10 ettt erorriceanaennosibveas 18 +/-3 by weight
1020 |eveveverrecacnnamiineess 16 +/-3 by weight
20=40 .|iciieiiiiaieniis e 18 +/-3 by weight
Oover 40 .[....cciiineoeebeennaaa.. 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...ceeieeneenn . 0-10 Microns....... 36 gm/1000 gal
James H. Co~
#340 Londom Red Rouge, or
equivalent
Road Dust.{............ cee eeeens e e esanene s 3.0 gm/1000 gal
AC Div., GMC, Coarse Grade
test dust, |or equivalent
Organic Fijers............ ........ ceseVYounn 1.0 gm/1000 gal
James H. Herron Co.
#7 cotton linters or equiv-
alent
Crude Naphthenic acid......  ....o0 cssesan R 0.d3 % by volume
Standard salt water solution €) revrececsanasnnna . To saturate the
paragraph 41b of QQ-M-151a test fluid at
Amendment 3 60/F and to
priovide 0.01%
entrained

sallt water

FIGURE 2 - Paragraph 4.1.1 - Fuel

Contamination
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3.2.1 (Continued):
d. MIL-E-5007B, 22 January 1959

Contaminant Particle Size Quantity
Iron Oxide...vovveereennns 0-5 Microns........ 28.5 gm/1000 gal
Iron OXide. .. cvvveeeiennns 5-10 Microns....... 1.5 gm/1000 gal
Sharp silica s3 100 gal
Sharp silica sdnd......... 50-100 Mesh........ 1.0 gm/1g00 gal
Prepared dirt gqonforming.. Mixture as follows. 8.0.gm/1000 gal
to AC Spark Pldg Part No. 0-5 Microns (12%)
1543637 (coarseg Arizona road 5-10 Microns (12%)
dust) 10-20 Microns (14%)

20-40 Microns (23%)
40~80 Microns (30%)
80-200 Microns (92%)

US Standard Stgple No. 7.. As ground in a‘No. 4 1.0 gm/1Q00 gal
prime cotton linters Wiley mill and
screened through a 4
mm screen

Crude Naphthenic acid...... ... odeeecennecanan 0.03 % by volume
Salt water in gccordance.. ..\l ..iiiiiiiinennn 0.01 % entrained
with salt spray solution per

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
app]iqation 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 gal of test fluid Ferric Oxide
(Fisher I-116)

(3) Cotton Linters - 0.34 gm per 1000 gal #7 Cotton Linters (Air Maze
Co.)

(4) Free Synthetic Sea Water - 632 cubic centimeters per 1000 gal of
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.

-9 -
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3.2.1 (Continued):

(5) MIL-E-5007C, 30 December 1965

Contaminant Particle Size Quantity

Iron Oxidef -+ - -7+~ 0=-5 Microns........ 28.5| gm/1000 gal
Iron Oxide}l....... ceeeenes 5-10 Microns....... 1:50gm/1000 gal
Sharp sili¢a sand......... 300-420 Microns.... 1.0 gm/1000 gal
Sharp silic¢a sand........ . 150-300 Microns.... 1.0 gm/1000 gal
Prepared dirt conforming.. Mixture as follows. 8.0 gm/1000 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%)
Cotton linters............ Staple below 7..... 0.1 gm/1000 gal

USDA Grading Standards
Crude Naphthenic acid...... s i.ceeiieeroconcnsns 0.03(% by volume
Salt water |prepared by..& " ...... ccesessnnaeas 0.01| % entrained
dissolving |salt in distilled

water or other water con-
taining not more than-200
ppm of totdl solids

FIGURE 4 - Table I Fuel Contamination

- 10 -
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3.2.1
(6)

(Continued):

MIL-E-5007D, 15 October 1973

Contaminant Particle Size Quantity
Ferroso-Ferric|Iron....... 0-5 Microns......ceeoee> 14.5 gm/1000 gal
Oxide (Fe304, (Black col-
or) Magnetite)

Ferric Iron Oxide......... 0-5 MiCrons............. 145 gm/1000 gal
(Fe;05, Hematite)
Iron oxide....{. e 5-10 Microns........... 1.5 gm/1000 gal
Crushed quartz)....... sss. 1000-1500 Microns...ss.«. 0.25 gm/1000 gal
Crushed quartzJ........... 420-1000 Microns... . ... 1.75 gm/1000 gal
Crushed quartz)........... 300-420 Microns. ... .... 1.0 gm/19000 gal
Crushed quartz|........... 150-300 Microns.G.....-.. 1.0 gm/1000 gal
Prepared dirt ¢onform-.... Mixture as follows...... 8.0 gm/1000 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/1p00 gal

USDA Grading Standards

SRA-AMS 180 and 251
Crude Naphthenlc N7 ..o eeeee ceres s aanan 0.03 % by volume
acid......
Salt water pre ¥y volume
by dissolving salt in 96 parts by weight H,0.. entrained

distilled water or other
water containing not more
than 200 ppm of total

solids

FIGURE 5 - Table X Fuel Contamination

- 11 -
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3.2.1 (Continued):
(7) MIL-E-8593A, November 1974
Cgntaminant Particle size Quantity

"erroso-Ferric Iron....... 0-5 Microns....cc.eveees ~3-70 mg/L
)xide (Fe3Q4, (Black col-
r) Magnetite)
erl’ic II'OI' OXide......... 0—5 MiCronSQnotoo-uo--oo 3083 mg/L
.Fe,03, Hematite)
Iron oxide.)...e200veeeeee.. 5=10 Microns.....f%..... 0.396 mg/L
Crushed quartz.......ee... 1000-1500 MiCrons....... 0.06F1 mg/L
Crushed quartz............ 420-1000 Microns........ 0.468 mg/L
Crushed quartz.....+....... 300-420 Microns......... 0.264 mg/L
Crushed quartz...ceecee.. . 150-300 Microns......... 0.26f# 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 lintlers......0..... Staple below 7...ccc0e . 0.0264 mg/L

USDA Grading Standards

SRA-AMS 180 and 251
Crude Naphthenic Ceetecssenasesennsen ees. 0.03|% by volume
acid......
Salt water prepared....... 4 parts by weight NaCl.. 0.01 % by volume
by dissolving salt in 96 parts by weight H»0.. entrained

distilled water or other
water containing not more
than 200 ppm of total

solids

FIGURE 6 - Table X Fuel Contamination

- 12 -
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3.2.1 (Continued):
(8) AS/AV-E-8593C-2, 15 June 1982

Contaminant Particle Size Quantity

Ferroso-Ferric|Iron....... 0-5 Microns........ ee.s. 0.396 mg/L
Oxide (Fe304, (Black col-
or) Magnetite)

Ferric Iron Oxlde......... 0-5 Microns......euocuu.. 7.136 mgyL
(Fe,03, Hematite)

Iron oXide...oodeeeeeaosann 5-10 Microns............ 0.396 mgyL
Crushed quartz{..... esee-s 1000-1500 Microns....l:. 0.0661 mg/L
Crushed quartz)........... 420-1000 Microns....<... 0.463 mgyYL
Crushed quartz!{........... 300-420 Microns...sv.... 0.264 mg/L
Crushed quartz{...... esee. 150-300 Microns........-. 0.264 mgyL
Prepared dirt c¢onform-.... 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!{.....eeca.. Staple below 7.ccecveenn 0.0264 mg/L
USDA Grading Standards
SRA-AMS 180 and 251

Crude Naphthenlc "/ @ ..ttt ieeesceesnonnnns 0.03 % by volume
acid......

Salt water prepared....... 4 parts by weight NaCl.. 0.01 % by volume
by dissolving salt in 96 parts by weight H,0.. entrained

distilled water or other
water containing not more
than 200 ppm of total
solids

FIGURE 7 - Table X Fuel Contamination

- 13 -
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Contaminant Particle Size Quantity
Ferroso-Ferric Iron....... 0=5 Microns...... e 0.25 mg/L
Oxide (Fe3Q4, (Black col-
or) Magnetite)

Ferric Iron Oxide......... 0-5 Microns.......4.v... 1.25 mg/L
(Fe203, Hematite)
Prepared dirt conform=-.... Mixture as follows...... 0.5 mg/L
ing to AC S§park 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.......... 0.00F mg/L
USDA Grading Standards
SRA-AMS 180 and 251
FIGURE 8 - Table XI Fuel Contaminant
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3.2.1 (Continued):
(9) MIL-E-005007E(AS), 1 September 1983 (NAVY)

Contaminant Particle Size Quantity

Ferroso-Ferrit Iron....... 0=5 MICrONS..cceeeeson e.. 1.5 gm/{1000 gal
Oxide (Fe304,| (Black col-
or) Magnetite)

Ferric Iron Okide......... 0-5 MICrONS.ee et rseeannns 27 gm/1000 gal
(Fe,03, Hematjte)

Iron oxide...f.c.ccvvinnnn 5=10 MIiCIrONS...ssa0sefes 1.5 gm/[1000 gal
Crushed quartg............ 1000~1500 Microns, ™ .... 0.25 1000 gal
Crushed quartp............ 420-1000 Microns.ohi..... 1.75 /1000 gal
Crushed quartg............ 300-420 Microns...... «e. 1.0 gm/[1000 gal
Crushed quartfg............ 150-300 Microns......... 1.0 gm/[1000 gal
Prepared dirt|conform-.... Mixture asgfollows...... 8.0 gm/[1000 gal
ing to AC Spark Plug Part 0-5 Microns (12%)

No. 1543637 (foarse 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 linterg.........J{. Staple below 7.......... 0.1 gm/1000 gal
USDA Grading Standards
SRA-AMS 180 and 251

Crude Naphthehic/," = = ..ttt ieennencsonsoans 0.03 % by volume
acid......

Salt water prepared....... 4 parts by weight NaCl.. 0.01 % by volume
by dissolving salt in 96 parts by weight H;0.. entrained

distilled water or other
water containing not more
than 200 ppm of total
solids

FIGURE 9 - Table X Fuel Contamination
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3.2.1

(Continued):

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

Contaminant

Ferroso-Fer
Oxide (Fe30
or) Magneti
Ferric Iron
(Fe»05, Hem

’
e

(Black col-
)

xide.........

ite)

Particle Size

0-5 MiCrONS....coneeansse

0-5 Microns..

Quantity

1.0 /1000 gal

5.0 gm/1000 gal

Prepared di;t
ing to AC s

No. 1543637 |(
Zona road dus

conform-....

rk Plug Part
coarse Ari-
t)

Mixture as follows<.:....
0-5 Microns (12%)

5-10 Microns (12%)

10-20 Microns_(14%)
20-40 Microns“(23%)
40-80 Microns (30%)
80-200 Microns (9%)

2.0 gn/1000 gal

Cotton linters....

Staple . below 7.....
USDA!Grading Standards
SRA-AMS 180 and 251

0.02 gm/1000 gal

FIGURE 10 - Table XII Fuel Contaminants for Continuous Operation

- 16 -



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

SAE AIRx4023A 94 M 7943725 05219kL8

96t 1N
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...... eeceses 1.5 gm/1000 gal

Oxide (Fe304,

or) Magnetite))

Ferric Iron O
(Feo0O3, Hemat]

(Black col-

xide.....cc...
ite)

0-5 Microns...... cecs oo

29<gm/1000 gal

Crushed quart
Crushed quart
Crushed quart]
Crushed quart

1000-1500 Microns... ..

0.25 gm/1000 gal

420~-1000 Microns...sw... 1.75 gn/1000 gal

300-420 MiCronsS... <.cee..
150-300 MiCrons:.w......

1.0 gm[1000 gal
1.0 gm/1000 gal

Prepared dirt

conform-....

ing to AC Spark Plug Part

No. 1543637 (

coarse Ari-

zona road dusit)

Mixture as follows......
0-5 Microns.\(12%)

5=-10 Microns (12%)

10-20 Microns (14%)
20-40 Microns (23%)
40-80 ‘Microns (30%)
80-200 Microns (9%)

8.0 gm/1000 gal

Cotton linters.......c..... Staple below 7.....0.... 0.1 gm/1000 gal
USDA Grading Standards
SRA-AMS 180 and 251

Salt water priepared.s..... 4 parts by weight NaCl.. 0.01 % by volume

by dissolving

salt \in

water contai
than 200 ppm

distilled wa%

er or > other
ing~not more
of total

96 parts by weight H5O..

entrained

solids

FIGURE 11 - Table XIII Fuel Contaminants for Equivalent Mission Time
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3.2.2 Laboratory Analysis of Test Fuel Contaminate Samples:

Figure

12 contains

the 1980 analyses of contamination materials obtained from various

component manufacturers.

beginni

which was custom graded after 1975.

ng of the aircraft turbine era.

The origin of the samples dates back to the
An exception is sample #12 (Fe,0,),
Except for Arizona coarse and fine

road dust, the desired size distribution is assumed to be linear over the

specifi

ed range.

Except for #1, none of the materials met the desired size

distribution and there was little similarity between samples of the same

material.

These data revealed that because a wide variation i

n "standard"

contaminants existed, a consistent performance baseline was not

establfshed:

Very 1
contamij
Fe,0, o
a chem
pigmen
unreal

rge differences in component performance resulted-from
nants, such as red iron oxides. The imported red. optic
ide behaved like the natural fuel storage tank: corrosi
cally equivalent, Fe,0, "orange" oxide, interded for us
, plated out on internal component surfaces producing 2
stically severe condition that caused proven, previous]

variations in
tal polishing
bn. However,
e in paint

n
y qualified

components to fail.
In the|early 1980s, through the efforts of“SAE Subcommittees AE-5B, one
company equipped to fraction and grade materials became intergsted in
furnishing certified materials. For the first time it was pogsible to
obtain|certified contaminants that. actually met the intent of [the
requirements. A goal of these effarts was to establish an SAH Aeronautical
Standard (AS) that shall describe allowable variations in the |particle
distribution of contaminants for all suppliers.
Arizona Fine Test Dust
% by Wt.
Size
(Microns) Spec. Sample 1
0-5 39+/-2 37.0
5-10 18+/=3 14.0
10-20 16+/4-3 21.0
20-40 K84/ -3 17.0
40-80 9%/-3 11.0
80~-200 — —
Arizona Coarse Test Dust
% by Wt.
Size
(Microns) Spec. Sample 2 Sample 3 Sample 4 Sample 5
0-5 12+/-2 12.5 6.8 3.3 13.0
5-10 12+/-3 8.5 6.2 2.7 23.0
10-20 14+/-3 14.5 9.5 4.0 35.0
20-40 23+/-3 30.5 17.5 17.0 27.0
40-80 30+/-3 32.5 39.0 44.0 3.0
80-200 9+/-3 1.5 21.0 29.0 -—-

FIGURE 12 - Table 3.2-1
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Fe503 Red Iron Oxide (Hematite) 0-5 Micron

% by Wt.
Size
(Microns) Implied Sample 6 Sample 7 Sample 8 Sample 9 Sample 10
0-1 20.0 38.0 20.0 41.0 13.4 -
1-2 20.0 47.5 33.0 48.5 46.9 50.0
2-3 20.0 3.5 3.0 3.5 39.6 39.0
3-4 20.0 2.5 2.0 1.8 0.0 7.0
4~-5 20.0 2.5 2.0 2.0 0.0 2.5
>5 - 6.5 4.0 3.5 0.0 2.5

@503 Red Iron Oxide (Hematite) 0-5 Micron
k by Wt.

Size
(Microns) Implied Sample 11

O0-1m 0.0 --
1-2 0.0 26.0
2-3 0.0 33.0
3-4 0.0 21.0
4-5 0.0 9.0
>5 100.0 11.0

Fe>03 Red Iron Oxide (Hematite) Custom Graded for |Test

¥ by Wt. by commercial| lab
Size
(Microns) Implied Sample 12
0-1 20.0 6.5
1-2 20.0 235
2-3 20.0 360
3-4 20.0 22.0
4-5 20.0 12.0
>5 - 0.0
FPeto7 BlackIronoOxide—{Magnetite)
% by Wt.
Size
(Microns) Implied Sample 13 Sample 14 Sample 15 Sample 16
0-1 20.0 49.0 41.0 51.0 12.0
1-2 20.0 34.0 35.0 39.5 16.0
2-3 20.0 3.5 9.0 3.0 4.0
3-4 20.0 1.8 5.0 1.0 3.0
4-5 20.0 2.0 3.0 1.0 2.0
>5 - 3.5 7.0 4.5 63.0

FIGURE 12 - Table 3.2-1 (Continued)
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Crushed Quartz 150 - 300m
% by Wwt.

Size
(Microns) Sample 18 Sample 19
<150 0 6.0 50.0
150-200 33.3 5.0 13.7
200-300 66.6 9.0 27.3
>300 0 80.0 5.1
Crushed Quartz 300 - 420m
% by Wwt.
Size
(Microns) Sample 20 Sample 21 Sample 22
<300 0 45.5 90.5 17.7
300-400 83.3 17.5 6.7 36.0
400-420 16.7 7.4 1.3 7.4
>420 0 29.6 5 36.4
Crushed Quartz 420 (= 1000m
% by Wt.
Size
(Microns) Sample 23
<420 0 0
420-500 10.3 0
500-600 17.2 1.2
600~700 1742 2.4
700-800 1902 2.2
800-900 17.2 6.4
900-1000 17.2 13.5
>1000 o 742

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 met the intent of the requirements. A goal of these
efforts was to establish an SAE Aeronautical Standard (AS) that
shall describe allowable variations in the particle distribution

of contaminants for all suppliers.

FIGURE 12 - Table 3.2-1 (Continued)
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3.3 Endurance Test Requirements:

3.3.1 Military Test Requirements:

Early test requirements reflected the short

expectation of 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

b.

(1)

(2)

(3)

(4)

(5)

XPP-

(1)

(2)

(a) Drained and static at 160 °F
Saltwater, 73 h

operation and a 72 h nonoperating{soak

High Temperature Endurance, 51 h

with clean hot fuel and hot ambient conditions
Room Temperature Endurance, 400 h

fine Arizona road dust contamination/1000 gal, 2 h

fine Arizona road dust contamination/1000 gal
Cold Testing;'\92 h
(a) A static 72 h cold soak, followed by ten 2 h peridg

cyclic endurance separated by simulated starts wit
cold fuel

-AeceteratedPging—3686h—mMm————————————————————

(a) 30 min cyclic operation, introduce a l(pt saltwater slug to
component inlet followed by 20 min _ef additional qyclic

(a) A static 1 h hot soak followed by 50 h of cyclic gperation

(a) 250 h of cyclic:.gperation with clean fuel, 148 h With 8 gm

with 80 gm

ds of
h clean

36CY 3 June 1957

Accelerated Aging, 168 h
(a) Drained and static at 160 °F

High Temperature Endurance, 51 h

(a) A static 1 h hot soak followed by 50 h of cyclic operation
with hot (230 °F) contaminated fuel and (250 °F) ambient
conditions
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3.3.1

(Continued):

(3)

(4)

c. MIL-E-5009B, 22 January 1959

(1)

(2

3

(4]

d. MIU-E-5009€C; 30 December 1965

(1)

(2)

(3)

(a) Drained and static at 160 °F

Room Temperature Endurance, 400 h

(a) 200 h of cyclic operation with contaminated fuel
filled with test fuel and a final 200 h of cycli
with contaminated fuel

Cold Testing, 92 h

while supplied with cold (-35 °F) contaminatedfuel

Accelerated Aging, 168 h
(a) Drained and static at 160 °F
High Temperature Endurance, 100 h

(a) 100 h of cyclic operation with hot clean fuel ar
conditions

Room Temperature Endurancey’ 300 h

(a) 300 h of cyclic_operation with MIL-E-5007B fuel
Cold Testing, 30 h

(a) A static<l0 h cold soak, followed by ten 2 h per

, a 72 h soak
¢ operation

lic endurance

d hot ambient

contamination

iods of

cyclicendurance separated by simulated starts with clean

cold fuel

Accelerated Aging; 168 h

High Temperature Endurance, 100 h

(a) 100 h of cyclic operation with hot clean fuel and hot ambient

conditions

Room Temperature Endurance, 300 h

(a) 300 h of cyclic operation with MIL-E-5007C fuel contamination
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