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Standard Test Method for
Measurement of Lubricity of Aviation Turbine Fuels by the
Ball-on-Cylinder Lubricity Evaluator (BOCLE)'

This standard is issued under the fixed designation D 5001; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This test method covers assessment of the wear aspects of the boundary lubrication properties of aviation turbine fuels on
rubbing steel surfaces.

+2

1.1.1 This test method incorporates two procedures, one using a semi-automated instrument and the second a fully automated
instrument. Either of the two instruments may be used to carry out the test.

1.2 The values stated in SI units are to be regarded as standard. No other units of measurement are included in this standard.

1.3 This standard does not purport to address the safety concerns, if any, associated with its use. It is the responsibility of the
user of this standard to establlsh approprlate safety and health practlces and determine the applicability of regulatory limitations
prior to use. : v

2. Referenced Documents

2.1 ASTM Stana’ards
D 4306Pra
Sample Containers for Tests Affected by Trace Contamination
D 6708 Practice for Statistical Assessment and Improvement of Expected Agreement Between Two Test Methods that Purport
to Measure the Same Property of a Material

Practice for Aviation Fuel

2 2 Mllllary Speczﬁcatlon

MIL 1- 25017 Inhlbltor Corr0510n/Lubr1c1tv Improver Fuel Soluble
2.3 American Iron and Steel Institute Standard:
AISEE-52100Chromivm Aoy Steel*

AISI E-52100 Chromium Alloy Steel

2.4  American National Standards Institute Standard:
ANSTHB342;Metal-Balls

" This test method is under the jurisdiction of ASTM Committee D02 on Petroleum Products and Lubricants and is the direct responsibility of Subcommittee D02.J0.04
on Additives and Electrical Properties.

Current edrtron approved May 1, 2008 Pubhshed July 2008 Orrgmally approved in 1989 Last previous edmon approved in 2006 as D 5001-06.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM Standards
volume information, refer to the standard’s Document Summary page on the ASTM website.
3 Available from Standardization Documents Order Desk, DODSSP, Bldg. 4, Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098, http://www.dodssp.daps.mil.
vailable from American Iron and Steel Institute N " uite ashington,
+ Available from American Iron and Steel Institute (AISI), 1140 Connecticut Ave NW, Surte 705, Washington, DC 20036, http://www.steel.org.

*A Summary of Changes section appears at the end of this standard.
Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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5
I ANSI B3.12 Metal Balls
2.5 Society of Automotive Engineers Standard:®

SAE 8720 Steel

3. Terminology

31 Definiti .7 Specif This—Standard-
3.1 Definitions:

friction between and damage to, surfaces in relative motion under load.

3.1.1.1 Discussion—In this test method, the lubricity of a fluid is defined in terms of a wear scar, in millimeters, produced on
a loaded stationary ball from contact with a fluid-wetted rotating cylindrical test ring operating under closely defined and controlled
conditions.

3.1.2 wear scar—in the liquid fuels industry , average diameter of a worn and abraded area, measured in two specified
directions, produced on a test ball under defined conditions.

3.1.2.1 Discussion—The wear scar generated by Test Method D 5001 is often referred to as the BOCLE wear scar.

3.2 Abbreviations:

3.2.1 BOCLE—Ball On Cylinder Lubricity Evaluator

3.2.2 HRC—Rockwell Hardness “C” scale.

3.2.3 WSD—Wear Scar Diameter

4. Summary of Test Method

4+Fhe4.1 The fluid under test is placed in a test reservoir in which atmospheric air is maintained at 10 % relative humidity. A
non-rotating steel ball is held in a vertically mounted chuck and forced against the outside diameter of an axially mounted
cylindrical steel ring with an applied load. The test eytndetring is rotated at a fixed speed while being partially immersed in the
fluid reservoir. This maintains the eytndetring in a wet condition and continuously transports the test fluid to the baltfeylinderball/
ring interface. The wear scar generated on the test ball is a measure of the fluid-lubricating properties—property of the fluid. For
wear scar diameter (WSD) calibration and standardization, see Section 910.

5. Significance and Use

5.1 Wear due to excessive friction resulting in shortened life of engine components such as fuel pumps and fuel controls has
sometimes been ascribed to lack of lubricity in an aviation fuel.

5.2 The relationship of test results to aviation fuel system component distress due to wear has been demonstrated for some
fuel/hardware combinations where boundary lubrication is a factor in the operation of the component.

5.3 The wear scar generated in the ball-on-cylinder lubricity evaluator (BOCLE) test is sensitive to contamination of the fluids
and test materials, the presence of oxygen and water in the atmosphere, and the temperature of the test. Lubricity measurements
are also sensitive to trace materials acquired during sampling and storage. Containers specified in Practice D 4306shall be used.

5.4 The BOCLE test method may not directly reflect operating conditions of engine hardware. For example, some fuels that

J] contain a high content of certain sulfur compounds maycan give anomalous test results.

6. Apparatus

6 1 For detalls of the Ball On Cylinder Lubricity Evaluamr (BOCLE ), apparatus requ1red for each method see: Annex Al for
the semi-automatic method, Annex A2 for the fully automatic method

the ball to the nearest 0.01 mm.

6.2.1 Method of Measuring the Wear Scar— This may be either a Glass Slide Micrometer, with a scale ruled in 0.01 mm

| | 3 Available from American National Standards Institute (ANSI), 25 W. 43rd St., 4th Floor, New York, NY 10036, http://www.ansi.org.
[ ] © Available from Society of Automotive Engineers (SAE), 400 Commonwealth Dr., Warrendale, PA 15096-0001, http://www.sae.org.
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MINOR AXIS

MAJOR AXIS

FIG. 2 Typical Wear Scars Showing Measurement Dimensions
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divisions,”® or a digital micrometer and slide assembly, having a resolution of at least 0.01 mm.”*’
64
6.3 Cleaning Bath—Y W 5
—Ultrasonic seamless stainless steel tank W1th a capacity of 1.9 L and a cleamng power of 4OW
6.4 The test requirements are listed in Table 1.

7. Reagents and Materials
7.1 Test Ring, of SAE 8720

ta 071 (D) 4 DQ 4iin 4 Thads s
O U7 T oir T2z 1026 gy rour e dir syuaro e Ui IS tons —are 51vuu orrTgs

of 58 to 62 and a surface finish of 0.56 to 0.71 Hm root mean square. 710 The d1mens10ns are given in Fig. 1.
7.2 Mandrel—at0>-tapered-<hor Jindries " o o9 Test Ball, chrome alloy steel, made from AIST standard steel

No. E-52100, with a diameter of 12.7 mm, Grade 5 to 10 EP finish.” See—th—Z—The balls are described in ANSI Specifications B3.12. The
extra-polish finish is not described in that specification. The HRC shall be 64 to 66, a closer limit than is found in the ANSI

regu1rement

3 9§teel having a Rockwell hardness “C” scale, (HRC) number

F4Additional Equzpment—Detalls of additional items of test equipment specific to each test method are given in the appropriate
annex.
7.4 Compressed Air (Warning—Compressed gas under high pressure. Use with extreme caution in the presence of
combustible material, since the autoignition temperatures of most organic compounds in air are drastically reduced at elevated
] pressures. See A++A3.1.), containing less than 0.1 ppm hydrocarbons and 50 ppm water.
7.5 Desiccator, containing a non-indicating drying agent, capable of storing test rings, balls, and hardware.
7.6 Gloves, clean, lint-free, cotton, disposable.

7 If you are aware of altematlve suppherﬂ please pr0v1de Ih1§ mformatlon to ASTM Internatlonal Headquarterﬂ Your comments Wlll receive careful c0n§1derat10r1 ata
meeting of the responsible technical committee, which you may attend.

8 The sole source of supply of the apparatus known to the committee at this time is Catalog No. 31-16-99 from Bausch and Lomb, Inc., Bausch & Lomb World
Headquarters, One Bausch & Lomb Place, Rochester, NY 14604-2701. A certificate of traceability from the National Institute of Standards and Technology is available.

you are aware of alternative supp TeTs, p case prov1 € this information to nternational Headquarters. YOur comments will receive caretul consideration at a

o The sole source of supply of the apparatus known to the committee at thls time is Microscope part number ABSMIC from PCS Instruments, 78 Stanley Gardens, London,
W3 7SZ, U.K. A certificate of traceability from the National Institute of Standards and Technology is available.

“The sole source of supply of the apparatus known to the committee at this time is Test Rings, Part No. FZ5061 from Falex Corp., 2055 Comprehensive Drive, Aurora,
H-66565-

' The sole source of supply of the apparatus known to the committee at this time is (for the semi-automatic method) Test Rings Part No. F25061, Falex Corp., 2055
Comprehensive Drive, Aurora, IL 60505 and (for the fully automatic method) Test Rings, Part No. ABSRING, PCS Instruments, 78 Stanley Gardens, London, W3 7SZ, U.K.

+Mandrel, part No. M-O from Falex Corp., or P/N BOC-210T from InterAv, Inc. PO, Box 792228, San Antonio, TX 78279, have been found SatisTactory.

' The sole source of supply of the apparatus known to the committee at this time is (for the semi-automatic method) Test Balls, SKF Swedish, Part No. 310995A, RB
12.7, Grade 5 to 10 EP Finish, AISI 52100 Alloy from SKF Industries, Component Systems, 1690 East Race Street, Allentown, PA 90653 and (for the fully automatic method)
Test Balls, Part No. ABSBALL from PCS Instruments, 78 Stanley Gardens, London, W3 7SZ, U.K.

TABLE 1 Standard Operating Conditions

Fluid Volume 50 = 1.0 mL

Fluid Temperature 25 + 1°C

Conditioned Air 10 = 0.2 % relative humidity at 25 + 1°C
—at25=1C

Fluid pretreatment 0.50 L/min flowing through and 3.3 L/min
over the fluid for 126

5 min

Fluid test conditiong-threugh-and-3-3

Hin

s over-the-fluid-for—t5-min:

Fluid-test-eenditions3.8 L/min flowing over the fluid.
Fluid test conditions3.8 L/min flowing over the fluid

Apptieeoad 1000-g-(506-g-weight)
Applied Load 1000 g (500 g weight) (= | g)
Cylinder Rotational Speed 240 * 1 rpm

Test Duration 30 = 0.1 min
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INCH_EQUIVALENT
mm IN

13.00 0.512
—_— 1311 0.518
38.94 1.533

48.10 1.933
49.25 1.938

49.10
49.25 DA 3894 —f— — —4—
DIA.

R N 7777

— 13.00 MIN. fem—
13.11 MAX.

MATERIAL; STEEL SAE #8720 SPECIAL MODIFIED
HARDNESS; 58 — 62 Re.

FINISH; 22 - 28 RMS.

DIMENSIONS;  mm

Date

ASTM DSO001 test ref number
Ring batch ref number

Ball batch ref number
Track number

Operator

Fuel description

Fuel reference

Wear scar major axis (mm)
Wear scar minor axis (mm)
Wear scar average (mm)
Observations

FIG. 3 BOCLE-TData Sheset-Ring

INNER DIAMETER TO SUIT /

TEST RING ADAPTER

MATERIAL AIS| 8720
SPECIAL MODIFIED

49.25

HARDNESS 58 - 62 49.10

ROCKWELL C
FINISH 0.56 - 0.71 uM
(22-28 MICRO INCH)

DIMENSIONS MM

13.11
13.00

FIG. 1 Ball-on-Cylinder Test Ring

7.7 Wiper, wiping tissue, light duty, lint free, hydrocarbon free, disposable.
| 7.8 Isooctane (Warning—EXxtremely flammable. Harmful if inhaled. Vapors may cause flash fires. See A+2A3.2.), conforming
to American Chemical Society (ACS) Reagent/General Purpose Reagent (GPR) grade standards, 95 % purity minimum,
2,2, 4-trimethylpentane.
| 7.9 Isopropyl AlcoholtWarning—Flammable-See A+3 (Warning—Flammable. See A3.3.), conforming to ACS Reagent/GPR
grade standards.
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I 7.10 Acetone (Warning—Extremely flammable. Vapors may cause flash fire. See A+#A3.4.), conforming to ACS Reagent/
GPR grade standards.

7.11 ReferenceFhtids:>~Reference Fluids:

7.11.1 Fluid A—A mixture shall contain 30 mg/kg of a specific fuel soluble corrosion inhibitor/lubricity improver conforming
to MIL-1-250177"'2 (Warning—Flammable. Vapor harmful. See A+5A3.5.), in fluid B” - Warning—Flammable—Vapor-harmful:
See A5 (Warnan—Flammable Vapor harmful See A3.5. )

7.11.2 Fluid B—Sha W §

Flammable Vapor harrnful See A3 5. )7 13

7.11.3 The reference fluids shall be stored in epoxy lined containers or borosilicate glass bottles with aluminum foil or PTFE
lined insert caps. Borosilicate glass bottles shall be stored in a dark area.

8. Preparation-of Apparatus-Sampling, Test Specimens, and Test Units

8.1 Cleaning of Apparatus and Test Components:

8.1.1 Test Rings, as Received:

8.1.1.1 The test rings shall be partially stripped of any wax-tike-protective coatings by manually rubbing them with rags or paper
towels saturated with iseoectane-isooctane.

8.1.1.2 Place partially cleaned rings in a clean 500 mL beaker. Transfer a sufficient volume of a 1 to 1 mixture of iseoctane
isooctane (2,2,4-trimethyl pentane) and isopropyl alcohol to the beaker such that the test rings are completely eevered-ycovered.

8.1.1.3 Place beaker in ultrasonic cleaner and turn on for 15 min.

8.1.1.4 Remove test rings and repeat ultrasonic cleaning cycle of 8.1.1.3 with a clean beaker and fresh solvents.

8.1.1.5 Handle all clean test rings with clean forceps or disposable gloves. Remove test rings from beaker and rinse with
tsooetane;isooctane, dry, and rinse with acetone.

Note 1—Drying operations can be accomplished using a compressed air t74)-jet at 140 to 210 kPa-{26-to-36-pst) pressure.

8.1.1.6 Dry and store in a desiccator.
8.1.2 Test Balls, as Received.
J 8.1.2.1 Place balls in 300 mL beaker. Transfer a sufficient volume of a 1 to 1 mixture of iseoctaneisooctane and isopropyl
alcohol to the beaker such that the test balls are completely covered by the cleaning solvent.

Note 2—Approximately a five-day supply can be processed at one time.

8.1.2.2 Place beaker in ultrasonic cleaner and turn on for 15 min.

8.1.2.3 Repeat the cleaning cycle of 8.1.2.2 with a clean beaker and fresh solvent.
] 8.1.2.4 Remove and rinse with seeetanesisooctane, dry, and rinse with acetone.

8.1.2.5 Dry and store in a desiccator.

8—1—3—4=ny—a-nd—sfefe—rn—a—ele31eea-ter—ReserV01r Reservo1r Cover Ball Chuck, Lock Ring, Mandrel Assembly (Method A, Semi
Automatic Method) Test Ring Assembly (Method B, Fully Automatic Method), and all other parts which come into direct contact
with the test fuel (refer to the appropriate annex).

8.1.3.1 Rinse with isooctane.

8.1.3.2 Clean in an ultrasonic cleaner with a 1:1 mixture of isooctane and isopropyl alcohol for 5 min.

8.1.3.3 Remove and rinse with isooctane, dry, and rinse with acetone.

8.1.3.4 Store in a desiccator until required.

8.1.4 Hardware:

8.1.4.1 The hardware and utensils, that is, shaft-wrenches;-and-tweezers;-any part that comes in contact with the test fluid shall
be cleaned by washing thoroughly with tseeectaneisooctane and wiped with a wiper.

8.1.4.2 Store parts in desiccator when not in use.

8.1.5 After Test:

The sole source of supp y of the apparatus Known to the commitiee at this ime 1S 1est Ba IS, SKF Swedish; pait NO. 3T0995A, RB 1277, grade 5 1o 10 EP Finish, ATST

2 The sole source of supply of the apparatus known to the committee at thlS time is DCI 4A Addmve Innospec Fuel Specialties, 8375 South Willow Street, Littleton,
CO 80124.
I *>-The sole source of supply of the apparatus known to the committee at this time 15 Reference FIuids A and B available in Kit form as part No. RF-930900 from InterAv
e POBox 792228 -SanAntonto FXF8279-

'3 The sole source of supply of the apparatus known to the committee at this time is ISOPAR M Solvent, Exxon Company, USA, P.O. Box 2180, Houston, TX 77001.
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